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Abstract
Purpose: To evaluate the calibration factor (CF) at three-time points with the same protocol & acquisition
parameters for the images of Lu-177 activity, scanned by two different SPECT/CTs (GE & MEDISO) using
a cylindrical Jaszczak phantom with cold inserts, filled with uniform activity in water and to analyze the
changes in the calibration factor data with time. The purpose of the study is to quantitatively analyze the
first step (calibration acquisition) in clinical dosimetry workflow. Methods: The study was performed two
times as SET-I and SET-II, with a gap of six months with the same phantom and SPECT/CTSs for three-time
points (Day 0, Day 4 & Day 7). A known activity of Lu-177 was filled in the Jaszczak phantom with uniform
activity in the water solution. The scans were performed by the two dual- headed SPECT/CTs (GE &
MEDISO) with high energy general purpose (HEGP) collimator. To calculate the calibration factor, the
counts are evaluated from reconstructed images for the same volume of interest (VOI) to convert into the
activity. Results: In the SET-I study, the CFs obtained from GE SPECT/CT showed that the CF remains
approximately constant for two-time points (Day 0 & Day 7) and was less on Day 4. For MEDISO
SPECT/CT, the CF remains approximately constant for two-time points (Day 4 & Day 7), but on Day 0,
the CF was less. In the SET-II study, the CF obtained from GE SPECT/CT and MEDISO SPECT/CT, at
three-time points shows that the CF remains approximately constant for the uniformly distributed Lu-177
activity in the phantom. Conclusion: Our study supports that uniform activity distributed over the entire
phantom volume and reconstructed images obtained from the SPECT/CT with attenuation & scatter
corrections are essential steps for accurately evaluating calibration factors in clinical dosimetry workflow.
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INTRODUCTION

Targeted radionuclide therapy (TRT) [1], also
referred to as peptide receptor radionuclide therapy
(PRRT) [2] or molecular radiotherapy (MRT) [3] for
neuroendocrine tumors (NETS) is a technique in
which a radiopharmaceutical consisting of a
radionuclide attached to a biologically active
molecule represented as the receptor is administered
to the patient. A therapeutic radionuclide in targeted
radionuclide therapy using a beta-emitter has a short
range in tissue to absorb the dose within the targeted
region while sparing the surrounding healthy
tissues. Peptides exhibit rapid pharmacokinetics
(distribution, absorption, metabolism and excretion
of the drug) and a good ability to penetrate
efficiently into the tumor region.
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The Lutetium (*’Lu) [4] radionuclide is used in TRT [5] due to its favorable decay characteristics
and reliable labeling with biomolecules, especially for NET treatment. 1”/Lu-DOTATATE has a carrier
peptide (Octreotate) [6] that performs strong binding with the somatostatin receptors [7] that are present
on the surface of NET cells; that id why it is the most commonly used radiopharmaceutical in PRRT
for the treatment of NET patients. 1’’Lu-DOTATATE, also known as Lutathera® [8], has been approved
by the European Medical Agency (EMA) in 2017 and by the Food and Drug Administration (FDA) in
2018 for the treatment of NET patients. The personalized treatment approach allows a significant shift
from a one-size-fits-all approach [9] (where the fixed amount of activity is administered to all patients)
to a patient-specific treatment approach [10] (where the specifically assessed optimal amount of activity
is administered to an individual patient). Bardies and Gear [11] have demonstrated in their work the
importance of patient-specific treatment in PRRT [12] to improve the treatment outcomes and reduce
the toxicity in healthy tissues.

Patient-specific treatment planning requires the clinical dosimetry chain, which consists of several
steps, starting with image acquisition to the absorbed dose calculation [13]. The accuracy of the
dosimetric chain relies on the accuracy of each step involved in obtaining the absorbed doses, as defined
by the Medical Internal Radiation Dose Committee (MIRD).

Personalized dosimetry in radionuclide therapy [14, 15] is based on: (1) quantitative imaging
(including the acquisition settings, image reconstruction and corrections for absolute quantification),
(2) pharmacokinetic assessment (including image registration, segmentation and time-integration of
activities), and (3) the computation of absorbed dose in clinical dosimetry workflow. Figure 1 represents
the clinical radionuclide internal dosimetry workflow (Cited from, 3rd and 11th ECMP and AIFM
symposium, 16-19 June 2021, virtual edition, on “Dosimetry in Nuclear Medicine” by Manuel Bardies),
that performs six steps: (1) Calibration acquisitions, (2) Patient Image acquisitions, (3) Reconstruction
and Corrections, (4) Registration and Segmentation, (5) Time activity curve fittings and (6) Absorbed
dose calculations (Mora-Ramirez et al. 2020) [16, 11].

The purpose of the study was to quantitatively analyze the first step, which is the calibration
acquisition of the hybrid SPECT/CT (single photon emission computed tomography with computed
tomography) [17] imaging to visualize the absolute activity distribution of ’/Lu activity in the volume
of interest (VOI) across the patient’s body. For accurate activity quantification in the patient study, it is
necessary to convert the counts in the reconstructed images into the activity with the correction for the
image degrading factors (such as attenuation, scatter, spatial resolution, partial volume effect, artifact,
dead-time, etc.)

Quantitative imaging with the hybrid SPECT/CT [18, 19] has become an essential component in
guantifying radiotracer distribution in PRRT. The direct measurement of activity distribution within the

Activity TAC fit and A P"’;“”‘,“’”
determination Assesement AT

Clinical Dosimetry Worktlow

Patient data Registration & Absorbed dose
Acquisitions Segmentation Calculation

Figure 1. The clinical radionuclide internal dosimetry workflow (Mora-Ramirez et al. 2020) [16, 11].
(Source: Bardies and Gear (2021) Scientific Developments in Imaging and Dosimetry for Molecular Radiotherapy. Clinical
Oncology 33(2) 117-124)
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source region (phantom) requires calibration to convert the detected counts into the activity of a specific
radionuclide, which is defined as the calibration factor (CF) [20-22] expressed in counts per second per
MBq (cps/MBqQ). For calibrating the SPECT/CT, in order to calculate the CF, the phantom should be
prepared carefully with uniform distribution of the known amount of activity of the Lu-177 radionuclide
[23]. The calibration factor depends on the different types of gamma cameras, radionuclides and
reconstruction settings/software [4, 14].

The study aims to calculate and analyze the CF, at three time points with the same acquisition
parameters and protocol, for the image scanned by two different SPECT/CTs, using a large cylindrical
Jaszczak phantom with cold inserts and filled with uniform activity in water. To analyze the change in
the calibration factor data with time, the study is repeated after a gap of 6 months for the same phantom
and SPECT/CTs referred to as SET-1 and SET-II studies.

MATERIALS AND METHODS

The objective of this study was to measure the CF using images from SPECT/CT acquisitions of
cylindrical Jaszczak phantom filled with Lu-177 activity at three time points similar to the patient study.
To analyze the changes in the calibration factor data with time, the study was repeated after a gap of 6
months for the same phantom and SPECT/CTs represented as SET-I, for the first study and SET-II, for
the second study. A standard protocol was followed for the analyses of the CF based on the
recommendations of MIRD Pamphlets No. 23, 26 and ICRU Report 96 [4, 14, 24].

Data Acquisition

First of all, a known activity of *’’Lu (In SET-I study; 370 MBq and SET-II study; 399.23 MBq) with
a half-life of 6.65 days, was filled in a large cylindrical phantom (Jaszczak phantom), with cold inserts
and uniformly distributed activity in water with a volume of 6.09 L in SET-I study and 6.06 L in SET-
Il study. The scans were performed by two SPECT/CTs for three time points (Day 0, Day 4, and Day
7) using a dual-headed GE Healthcare, Discovery NM 630 SPECT/CT and MEDISO Nucline
ANYSCAN 3.05.025.0000 SPECT/CT, with high-energy general purpose (HEGP) collimator. All the
scans were performed at the Nuclear Medicine Department, All India Institute of Medical Sciences
(AHIMS), New Delhi, India. The experimental configurations of the Jaszczak phantom positioned in the
center of the SPECT/CT field of view of GE and MEDISO are shown in Figure 2. The phantom and
SPECT/CT acquisition parameters details are described in Tables 1 and 2.

(@) - (b)
Figure 2. The experimental configuration of the Jaszczak phantom in GE and MEDISO SPECT/CT
(a) Dual-headed GE SPECT/CT and (b) dual-headed MEDISO SPECT/CT.
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Table 1. Phantom parameter details.

S.N. Phantom parameter SET-I1 SET-I
1 Cylindrical phantom Jaszczak Phantom
2 Phantom position Center
3 Y7Ly half-life (T1e) 6.65 days (159.6 hours)
4 | Activity (Ao) 370 MBq / 10 mCi 399.23 MBq / 10.79 mCi
Weight of empty phantom (X) 3.090 kg 3.05 kg
6 Weight of phantom with activity in water solution () 9.100 kg 9.110 kg
7 ;I’he v)olume of phantom with activity in water solution 6.09 kg or 6090 cm® | 6.06 kg or 6060 cm?®
Y-X

Table 2. SPECT/CT acquisition parameter details.

S.N. Acquisition parameters SPECTI/CT (GE) / (MEDISO)
1 SPECT/CT- GE Dual-headed GE Healthcare,
Discovery NM 630 SPECT/CT
2 SPECT/CT- MEDISO Dual-headed MEDISO Nucline ANYSCAN 3.05.025.0000 SPECT/CT
3 | Collimator (crystal thickness) HEGP (high-energy general purpose) (3/8 inches)
4 Energy window width 20% triple energy window (TEW)
5 Photopeak energy (keV) 208, 113
6 Matrix size 128 x 128
7 Detector movement Step and shoot
8 SPECT movement Body contour
9 Projection per detector 60
10 | Time of acquisition (SPECT) 12 min (GE) and 20 min (MEDISO)
11 | Low-dose CT 120 keV/100 mA
12 | Image reconstruction workstation | INTERVIEW-FUSION
13 | Reconstruction algorithm OSEM (ordered subset expectation maximization) (4 subsets / 48 iterations).

Image Reconstruction and Corrections

The "Lu decays by B~ emissions with the maximum kinetic energy of 498.3 keV, used in the therapy
of NET patients for PRRT. *"’Lu also emits a range of gamma radiations with two prominent energy
peaks at 113 keV (6.4%) and 208 keV (11%), which is used for diagnostic purposes. To perform the
scatter correction [25, 26], the high-energy general purpose (HEGP) collimators were set for the Lu-
177 therapy protocol by the GE and MEDISO engineers, with the triple energy window (TEW) [27] for
both 113 keV and 208 keV photopeak windows, along with 20% energy window width (medium-energy
collimator (ME) was not available in our department). The image reconstruction was performed using
INTERVIEW-FUSION workstations, with 4 subsets and 48 iterations applying the ordered subset
expectation maximization (OSEM) algorithm [28]. The CT-based attenuation correction was included
in the reconstruction using the low-dose CT acquisition data [4, 14, 24]. The dead-time effect at three
time points was not considered, as the amount of activity in the phantom was kept very low. The decay
correction was applied during the acquisition of images of the phantom by the GE and MEDISO
SPECT/CT system installed by the manufacturer. The reconstructed images by the SPECT and CT
acquisition for the SET-I study and SET-II study are shown in Figures 3 and 4.

© STM Journals 2023. All Rights Reserved 12



Research & Reviews: A Journal of Medical Science and Technology

Volume 12, Issue 2
ISSN: 2319-3417 (Online), ISSN: 2349-1272 (Print)

SET-I study: GE reconstruction Scans for three-time points; Day 0, Day 4 & Day 7

GE Day 0

GE Day 7

@ —

SET-I study: MEDISO reconstruction Scans for three-time points; Day 0, Day 4 & Day 7

MEDISO
Day 0

MEDISO
Day 7

(b)

Figure 3. The reconstructed images for evaluation of the counts, by the SPECT & CT scan
acquisition data for SET-I study, of GE & MEDISO SPECT/CT.
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SET-II study: GE reconstruction Scans for three-time points; Day 0, Day 4 & Day 7

GE Day 0

GE Day 4

GE Day 7

()

SET-II study: MEDISO reconstruction Scans for three-time points; Day 0, Day 4 & Day 7

MEDISO
Day 0

MEDISO
Day 4

MEDISO
Day 7

(b)

Figure 4. The reconstructed images for evaluation of the counts, by the SPECT & CT

scanned acquisition data for the SET-II study, of GE & MEDISO SPECT/CT.

© STM Journals 2023. All Rights Reserved 14



Research & Reviews: A Journal of Medical Science and Technology
Volume 12, Issue 2
ISSN: 2319-3417 (Online), ISSN: 2349-1272 (Print)

Image Quantification Analysis
The activity quantification of Lu-177 SPECT/CT imaging for evaluation of CF in clinical
radionuclide dosimetry workflow was derived using the equation [21]:

CF=C/A*T

where CF is the calibration factor represented in the units of counts per second per MBq (cps/MBq);
C is the counts in the reconstructed images of the phantom within the volume of interest (VOI),
expressed in counts (c); T is the time of acquisition of images measured in seconds (s) and A is the
activity (A = Ao e™; decay factor of Lu-177, L = 0.693 / T1» h* = 0.0043421 h'%; t is the time at the
scan on Day 0, Day, 4 and Day 7) in the phantom at the time of acquisition measured in MBg. We have
calculated the counts (C) using the following steps: (1) SPECT/CT scans of the Jaszczak phantom were
taken for the three time points by the two SPECT/CTs (GE and MEDISO); (2) the scanned images were
reconstructed using Interview and Fusion workstations; (3) the VOIs were drawn around the
reconstructed images of the Jaszczak phantom for the three time points, on all the three planes; and (4)
volume (in cm®) of each VOI was kept approximately the same for each set of SPECT/CTs. The counts
for each VOI, for each three time points, were noted for the same volume, to calculate the calibration
factor as shown in Figures 5 and 6, and Table 3.

RESULTS

The datasets acquired from the SET-I study and SET-II study for the calculation of CF are shown in
Tables 3 and 4, including the comparison of quantitative analyses of CF results for GE and MEDISO
SPECT/CT at the three time points.

Table 3. Quantitative analyses of calibration factor for Y’Lu activity in SET-I study.

Quantity Day 0 Day 4 Day 7
Counts (C) 27,32,808.06 7,47,680.43 13,52,019.71
:g Time at scan (t) (h) 5.17 100.3 172.267
E Activity (A) (MBq) 361.786 239.364 175.124
Q Time (T) (s) 720 720 720
Calibration factor (CF) cps/MBq 10.491 4.338 10.722
5 Counts(C) 26,25,560.62 35,55,552.16 23,99,962.72
§ Time at scan (t) (h) 2.833 101.1166 189.600
& | Activity (A) (MBq) 365.476 238,517 162.428
% Time (T) (s) 1200 1200 1200
g Calibration factor (CF) cps/MBq 5.986 12.422 12.312

Table 4. Quantitative analyses of calibration factor for ’’Lu activity in SET-1I study.

Quantity Day 0 Day 4 Day 7

Counts(C) 13,91,803.07 9,36,442.83 6,80,006.84

g Time at scan (t) (h) 19.083 113.633 187.367
Eﬂ Activity (A) (MBg) 367.483 243,747 176.968
g Time (T) (s) 720 720 720
Calibration factor (CF) cps/MBg 5.260 5.335 5.336
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5 Counts(C) 53,87,742.30 36,98,411.27 27,07,288.06
§ Time at scan (t) (h) 19.883 114.333 187.850
& | Activity (A) (MBq) 366.208 243.007 176.597
% Time (T) (s) 1200 1200 1200

UEJ Calibration factor (CF) cps/MBq 12.260 12.682 12.775

The graphical analysis of the calibration factor results represented in Tables 3 and 4 is shown in
Figures 5 and 6, respectively.

SET-I
" Lul77 Calibration Factor / Time Graph
12.422 12.312

= MEDISO SPECT/CT

uGE SPECT/CT

Calibration Factor (cps/MBQ)

Day0 Day4 Day7
Days
Figure 5. Analyses of calibration factor values for each SPECT/CT in the SET-I study.
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Figure 6. Analyses of calibration factor for each SPECT/CT in the SET-II study.
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The comparison of CFs obtained from different experiments (SET-I study and SET-11 study) with the
same phantom and SPECT/CTs, the CF values in Figures 5 and 6 represent the following.

In the SET-I study, the CFs obtained from GE SPECT/CT at the three time points are represented as;
10.491 cps/MBq on Day 0, 4.338 cps/MBq on day 4 and 10.722 cps/MBqon Day 7. The calculated
result shows that the CF remains approximately constant for two time points (Day 0 and Day 7) when
the protocol was set for the whole body scan and CF was less on Day 4 when the protocol was changed
to the head and neck scan. The CFs obtained from MEDISO SPECT/CT, at the three time points, are
represented as; 5.986 cps/MBq on Day 0, 12.422 cps/MBq on Day 4, and 12.312 cps/MBq on Day 7
with the same protocol. The calculated result shows that the CF remains approximately constant for two
time points (Day 4 and Day 7), but on Day 0, the CF is less; the reason was that the Lu-177 activity in
the phantom was not distributed uniformly in the water solution.

To verify the reason for the decreased value of CF in the SET-I study, we again performed the study
with a gap of 6 months for the same phantom and SPECT/CTs referred to as the SET-II study. In the
SET-1I study, the CF obtained from GE SPECT/CT, at the three time points, are 5.260 cps/MBq on Day
0, 5.335 cps/MBq on Day 4, and 5.336 cps/MBq on Day 7. The calculated result shows that the CF
remains approximately constant for all the three time points (Day 0, Day 4, and Day 7) when the same
head and neck scan protocol was set for the three days. The CF obtained from MEDISO SPECT/CT, at
the three time points, are 12.260 cps/MBq on Day 0, 12.682 cps/MBg on Day 4, and 12.775 cps/MBq
on Day 7 with the same protocol. The calculated result shows that the CF remains approximately
constant for all the three time points (Day 0, Day 4, and Day 7). The Lu-177 activity in the phantom
was distributed uniformly in the water solution.

DISCUSSION

For the accuracy of activity determination in the Lu-177 SPECT/CT scans of the phantom with
uniform density, the imaging study was performed according to the recommendations in MIRD
Pamphlets 23, 26 and ICRU report 96 [4, 14, 24]. The result shows that the CF for each SPECT/CT
remains approximately constant at three time points in the SET-I study and SET-II study. In the SET-I
study, the CF was obtained from GE SPECT/CT; for Day 4, CF was less due to the change in protocol
for the whole body scan to the head and neck scan and the CF was obtained from MEDISO SPECT/CT,
for Day 0 CF was less, the reason being that the activity in the phantom was not uniformly distributed.
Hence, the results of our work strongly suggest that the CF also depends on the protocol used for the
image acquisition and it should remain the same for all the time points for the phantom as well as for
the patient image acquisition. The SET-I results suggest that to improve the accuracy of the calibration
factor for the quantification of activity, proper care in the measurement of activity and preparation for
uniform distribution of activity in phantom is required. Following these guidelines, the results in SET-
I1 show constant values of CF at all the three time points both for GE and MEDISO SPECT/CT study.

We also performed a comparative study of the latest publications on the evaluation of calibration
factor for Lu-177 SPECT/CT images of extended source Jaszczak phantom, which is shown in Table 5.

Table 5. A comparative study of the latest publications on the evaluation of calibration factor for
Lu-177 SPECT/CT images of extended source Jaszczak phantom.

Tran-Gia et al. Zhao et al. Uribe et al. Mehrotra et al. [this study]
(2021) [20]2 (2018) [21] (Siemens) (2017) [22] (Siemens) (GE, MEDISO)
CF =10-50 cps/IMBq CF =10.10 cps/MBq CF=0.62 cpm/kBq CF = 4.338-12.775 cps/IMBq

aFor 9 setups of SPECT/CT systems (Siemens, GE, Mediso) and different reconstruction software.
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Tran-Gia et al. [20] presented a study of nine setups of SPECT/CT systems (including Siemens, GE,
and Mediso) with different reconstruction software using the same acquisition parameters. Jaszczak
phantom data were acquired using standard reconstruction parameters for all nine setups with stable
guantification observed for 2 subsets and 25 iterations and the setup-specific choices of scatter
correction used for clinical imaging (mostly TEW). The CF values of Lu-177 for all nine setups ranged
from around 10 to 50 cps/MBq. This study indicates that the CF directly depends on protocol,
reconstruction settings/software and correction methodology.

Zhao et al. [21] performed a study with a cylindrical Jaszczak phantom filled with the uniform activity
of Lu-177 Siemens SPECT/CT with CT-based attenuation correction and TEW scatter correction. The
CF value calculated for 10 subsets and 6 iterations in the reconstructed image is 10.1 cps/MBq. This
study suggested that the calibration factor value remains unchanged over a long period when the same
type of SPECT/CT and the same acquisition protocols with TEW scatter correction along with
attenuation correction are applied during image reconstruction.

Uribe et al. [22] evaluated the value of CF for Lu-177 as 0.62 cpm/kBq, with uniform activity in the
Jaszczak phantom using Siemens SPECT/CT scans. The study was performed according to MIRD
Pamphlets 23 and 26 recommendations.

Santoro et al. [29] performed a study with Lu-177 image data acquired by GE (NM/CT 670)
SPECT/CT and compared the same data to calculate the CF using two software PLANET and
Dosimetry Toolkit (DTK). The CF values were 67 * 2.2 Bg.counts™* with PLANET software and 5.60
+ 0.04 cps/MBq with Dosimetry Toolkit (DTK) software. They suggested that the values did not vary
significantly over time. These CF values were used to determine the absorbed dose in the clinical
dosimetry workflow.

Mora-Ramirez et al. [16] compared the CF values evaluated with five commercial dosimetry software
from the GE SPECT/CT image acquisitions for Lu-177. The five software were: (1) Dosimetry Toolkit
(DTK), (2) Hybrid Dosimetry Module (HDM), (3) STRATOS, (4) PLANET (PDOSE), and
(5) SurePlan™ MRT. The CF values obtained were: 5.67 cps/MBq for DTK, 38.3x10° MBg/c for
HDM, 38.3 Bg/intensity for STRATOS and 38.3 Bg/c for PDOSE and MRT using different image
reconstruction algorithms. Their result suggested that (1) it is essential to calibrate SPECT/CT before
the patient image acquisition and (2) for patient image acquisition, one should acquire the scans and
reconstruct the images with corrections using the same data processing software in the same way as
performed for extended calibration sources.

The finding of our study indicates that the value of CF for Lu-177 is in the same range between 4.338
to 12.775 cps/MBq for GE and MEDISO SPECT/CT image acquisition of cylindrical Jaszczak phantom
filled with uniform activity, as compared with the other published work. It is recommended to acquire
the reconstruction images and apply corrections for degrading factors in the same way as it is performed
in the patient studies at different time points.

Corrections for Image Degrading Factors

ICRU Report 96 [24] suggests that activity quantification is considered to be the largest source of
uncertainty in the dosimetry calculation; hence a careful selection of image acquisition parameters,
image reconstruction methodology, correction for image degrading factors and evaluation of calibration
factor for absolute quantification is of utmost importance.

e Attenuation correction: The emitted photons from Lu-177 undergo interaction in the tissue that
results in the attenuation of the number of photons reaching the detector. CT-based attenuation
corrections are generally faster and easy to acquire in hybrid SPECT/CT, where SPECT and CT
are performed one after the other without changing the position of the phantom or patient. The
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CT-based attenuation correction has better spatial resolution and good contrast due to lower
noise. Our study used the low-dose CT acquisition data for the CT-based attenuation correction
in image reconstruction [30, 31].

e Scatter correction: Photons get deflected with the patient tissues due to Compton or Rayleigh
scattering, which degrades the image contrast and quantitative accuracy, the reason being that
the scattered counts do not reflect the actual location of the photon emission within the patient.
The TEW scatter correction method is widely used and easily implemented in clinical dosimetry
workflow. In the present phantom-based study, the TEW method included scatter correction in
the SPECT/CT image reconstruction. Regarding the camera calibration, our results show that
when TEW corrections are applied, the CF values determined using the scans of the extended
source are uniform, provided the Lu-177 activity in the phantom is uniformly distributed. TEW
scatter correction method provides good accuracy for activity quantification.

o Partial volume effect: Partial volume effect (PVE) in SPECT/CT imaging is the blurring or spill-
out and spill-in of the counts at the object's edges. Tran-Gia et al. [20] in their study, to calculate
the calibration factor took the value of counts (C) in the reconstructed image of the cylindrical
phantom within the VOI, corresponding to 120% of the height and 130% of the radius of the
Jaszczak phantom for the correction of the partial volume effect. They selected the VOI slightly
bigger than the actual size of the phantom to account for the spill-out counts at the edges of the
phantom, specifically to reduce the count loss due to PVE. In our study, we have also taken VVOI
greater than the actual size of the phantom to correct the PVE counts at the edges. We have also
observed that the counts are directly proportional to the volume of VOI; hence the value of VOI
was kept constant for the measurement of counts (C) for the evaluation of the calibration factor
in each set (SET-1 and SET-I1I) for three time points. Currently, there is no widely accepted, well-
validated method for correcting PVE for the SPECT/CT accurate activity quantification. Further
efforts should be made to develop a better methodology for accurately measuring the partial volume
effect in nuclear medicine data acquisition.

o Dead-time correction: Dead-time is the finite time interval to process each recorded photon or
count and dead-time loss means that some counts are lost due to short dead-time. Hence, the
dead-time related count losses should be corrected, resulting in image distortion [32]. In Lu-177
imaging, the dead-time effects are minimal due to the low yield of photons emitted in the decay
of Lu-177. In our study, we have neglected the dead-time effect at three-time points as the amount
of activity in the phantom was very small [21]. Uribe et al. [33] presented a study on the dead-
time effect in quantifying Lu-177 activity for radionuclide therapy. They suggested that the dead-
time correction should be based on count losses in the scatter correction photopeak window
instead of the dead-time determination from the entire spectrum.

Our results indicate that the methods used in this study represent that the CF value determined using
SPECT/CT scans purely corresponds to the camera efficiency for Lu-177 radioisotope, collimator,
acquisition parameters and protocols, corrections for image degrading factors and reconstruction
settings/software. Based on the results and observations from the CF study, we propose that it is
essential to measure the activity in the calibration source carefully and that there should be frequent
checks for the CF stability. The CF values obtained by SET-I and SET-II suggest that, under normal
conditions, the CF will remain unchanged over a long period of time and for the same SPECT/CT (GE
or MEDISO) with the same acquisition protocols, resulting in similar CF values.

CONCLUSION

While performing personalized dosimetry in radionuclide therapy, the absolute quantification of the
CF is required to determine the absolute activity distribution in the patient's VOI. Hence same
acquisition parameters and protocol should be used in the patient image acquisition. For quantitative
imaging, accurately determining the SPECT/CT gamma camera CF is essential in translating the counts
in the reconstructed images into the activity values. Our study supports that uniform activity distributed
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over the entire phantom volume and reconstructed images obtained from the SPECT/CT with
attenuation and scatter corrections are significant steps for accurately evaluating absorbed dose in the
patient-specific PRRT study. The recommendations of MIRD Pamphlets 23, 26 and ICRU Report 96
were followed for data acquisition in the reconstruction of images for accurate activity quantification
of CF. The calculated data suggest that the preparation of the calibration source and measurement of
the activity are significant sources of error. Hence proper evaluation of the activity with the same
protocol at all time points would improve the CF for the accuracy of dosimetry calculation. Based on
these observations, we conclude that, for a personalized approach to obtaining the calibration factor for
accurate activity quantification, the SPECT/CT images of the extended source phantom should mimic
the actual patient at different time points for calculating time-activity curve fittings and absorbed dose
in clinical dosimetry workflow.
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