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Abstract

Objective To explore the feasibility of ultralow-activity 'F-FDG total-body dynamic PET imaging for clinical practice in
patients with lung adenocarcinoma.

Methods Eight of 18 patients were randomly injected with '®F-FDG with full activity (3.7 MBg/kg) for total-body dynamic
PET imaging, while 10 received one-tenth activity (0.37 MBq/kg). The generated time-to-activity curves (TACs) according
to the regions of interest (ROIs) were processed by PMOD through standard FDG two-tissue compartment model fitting.
The kinetic constant rates (K1, K2, K3, and Ki), radiation dose, prompt counts, and data storage size were analysed between
the full- and ultralow-activity groups. The SUVmax-Tumour/SUVmax-Liver and SUVmax-Tumour/SUVmax-Muscle on
static PET images were also assessed.

Results Each of the fitted models has a satisfactory goodness-of-fit with R? greater than 0.9 except 3 (3/234) in ultralow-
activity group, where one in pancreas (R*=0.851), another one in muscle (R>=0.868), and the third one in bone marrow
(R*=0.895). All the fitted models in the full-activity group had a better goodness-of-fit than those in the ultralow-activity
group. However, no significant differences were found in any of the kinetic metrics or image quality between the two groups
except in the reduction of radiation dose and data storage size.

Conclusions The 10X reduction of injected '®F-FDG could achieve comparable kinetic metrics and T/N ratios by total-body
dynamic PET imaging in lung adenocarcinoma patients. Ultralow-activity total-body PET imaging is feasible for clinical
practice in oncological patients without obesity, especially in dynamic PET scanning.

Keywords Total-body dynamic PET imaging - 2-[18F]-fluoro-2-deoxy-D-glucose (‘3F-FDG) - Ultralow-activity -
Radiation dose - Lung adenocarcinoma

Introduction

Positron emission tomography/computed tomography (PET/
CT) with F-18-fluorodeoxyglucose ('8F-FDG) has been
widely applied to the diagnosis, staging, restaging, and
treatment efficacy evaluation of tumours [1-4]. Despite the
potential value of providing both anatomical and functional
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information for clinical decisions in oncological patients,
radiation exposure remains a main concern for patients.
Therefore, the demand for reducing the radiation dosimetry
of PET/CT imaging without affecting the image quality has
been increasing.

Recently, total-body PET/CT scanner, with a long axial
field of view (AFOV) has ushered in the new era of PET/
CT around the world. As we known, the Biograph Vision
Quadra PET/CT LAFOV system (Siemens Healthineers,
Knoxville, TN, USA) [5], the PennPET EXPLORER (built
at the University of Pennsylvania) [6], and the uEXPLORER
(United Imaging Healthcare, China) [7-9] have been suc-
cessfully transitioned to clinical or research use. The uEX-
PLORER with a long AFOV up to 194 cm has been found
to have a higher sensitivity by a factor of up to 40 X theoreti-
cally and a better signal-to-noise ratio of more than a sixfold
increase [10-13]. Due to the improved sensitivity, it allows
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for the reduced injected dose while maintaining the image
quality in PET/CT imaging [10].

Considering the above advantages, our team has demon-
strated that total-body PET/CT with a half-dose (1.85 MBq/
kg) '8F-FDG activity can achieve comparable image quality
to conventional PET/CT and even better than that of con-
ventional PET/CT with routine clinical full-dose '*F-FDG
in lung cancer [14]. In addition to the evaluation of static
PET/CT imaging at a low injected dose, we also revealed
that total-body dynamic PET imaging using a 10 X reduction
in injected activity could achieve relevant kinetic metrics of
E-FDG and comparable image contrast with full-activity
imaging in healthy volunteers [15].

However, the kinetic metrics of '*F-FDG in oncologi-
cal patients did not exactly correspond to those in healthy
volunteers due to the Warburg effect with a high ratio of
anaerobic glycolysis in tumours [16]. It is even more impor-
tant to evaluate whether there is a significant difference in
kinetic metrics of 'F-FDG between ultralow-activity and
full-activity in oncological patients, such as the '*F-FDG
net uptake rate constant (Ki), which has been used in dif-
ferentiating malignant from benign lung lesions [17] and
metastatic lymph nodes [18]. Furthermore, Ki has also been
proven to be more sensitive in detecting tumour response to
cancer treatment [19, 20].

Thus, considering the previous paper on the evaluation
of static PET/CT imaging in a low injected dose in patients
with lung cancer, the aim of the present study was to inves-
tigate the feasibility of ultralow-activity '*F-FDG total-body
PET/CT dynamic imaging for clinical practice in lung ade-
nocarcinoma patients.

Materials and methods

Patients

This study was approved by the Institutional Review Board
of Zhongshan Hospital, Fudan University, and conducted

Fig. 1 The flowchart of the
randomly selected patients in
full-activity group and ultralow-
activity group

after signing the written informed consent from each
participant.

Fifteen of 35 patients who suspected lung cancer and
underwent total-body dynamic PET/CT scanning were
randomly selected for the full-activity group, whereas the
remaining twenty were in the ultralow-activity group. Eight
patients were eventually enrolled in the full-activity group,
whereas ten were in the ultralow-activity group (Fig. 1).
The missing patients were consisted of 10 undesired patho-
logical results, 6 undesired body mass index (BMI), and 1
undesired other tumour history. The inclusion criteria were
as follows: (1) no history of malignancy or organ excision
before dynamic PET/CT scanning; (2) all patients were con-
firmed to have primary lung adenocarcinoma by postopera-
tive pathological results after dynamic PET/CT scanning.
The exclusion criteria were as follows: (1) distant organ
or tissue metastasis on PET/CT findings; (2) a history of
chronic disease such as diabetes, liver cirrhosis, renal/heart
failure, hyperthyroidism, or hyperparathyroidism; (3) BMI
(kg/m?)>28.

Total-body dynamic PET/CT imaging

All patients were required to fast for 6 h prior to dynamic
PET/CT imaging. Before the '®F-FDG injection, height,
weight, and blood glucose level were measured and recorded
on site. During dynamic PET imaging, patients were
instructed to avoid speaking and moving.

A uEXPLORER PET/CT scanner (United Imaging
Healthcare) was used for dynamic PET imaging. According
to the guidelines of the European Association of Nuclear
Medicine for '*F-FDG PET/CT oncological examination [1],
an activity of 4.1 +0.33 MBq/kg was injected in 'F-FDG
full-activity patients, while 0.41 +0.03 MBg/kg was injected
in the ultralow-activity group. Then, 60 min dynamic PET
scanning was started simultaneously with the injection of
8E-FDG in a vein near the ankle in all groups.

Before a diagnostic CT (tube current modulation of 120
kVp, spiral pitch factor of 0.9875, and slice thickness of

Patients randomized
n=35

Full-activity group
n=15

Ultralow-activity group
n=20

n=3_8

Evaluable full-activity group

Evaluable ultralow-activity group
n=10
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1 mm) in our scanning, a low-dose CT was performed first
for attenuation correction (AC).

Dynamic PET reconstruction

The PET images were reconstructed into a 239 X239 X 679
matrix with voxels of 2.85 mm?® by the 3D list-mode OSEM
algorithm, including high-resolution TOF and point-spread
function modelling (OSEM-TOF-PSF) [21, 22]. For the
dynamic PET image analysis, a series of PET images were
divided into 55 frames with two kinds of schemes: a frame
of 5 s for the initial 3 min (36 X5 s) and a frame of 3 min
thereafter until the end (19 x 180 s). Representative frames
of PET images are shown in Fig. 2. Finally, the prompt
events on PET images and total storage size were recorded.

Generation of tissue activity curves (TACs)

A dedicated postprocessing workstation (uWS-MIRO0O1,
United Imaging Healthcare) with dynamic analysis soft-
ware was used to process the reconstructed PET images
and low-dose AC CT images. ROIs were drawn within 12
main organs and tumour lesions of the lung. Two-dimen-
sional ROIs were placed on the target tissues instead of

Fig.2 Maximum-intensity
projections of selected dynamic
reconstructed images from a
patient in the full-activity group
(upper row) and the ultralow-
activity group (lower row). Red
dotted circles were placed on
the tumour lesions
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three-dimensional ROIs to reduce the effect of unwanted
areas beyond the boundary. For the tumour lesion, the
freehand ROIs were placed on the solid components of the
tumour to cover the largest tumour portion from the bright-
est slice of the PET image. For the blood pool, the ROI of
the ascending aorta apart from the vessel wall was selected
in this study, which was consistent with our previous stud-
ies [15, 23]. For the brain tissues, the ROIs were placed
on the bilateral parietal cortex, white matter, cerebellum
cortex, and medulla. For the liver, three ROIs apart from
vessels were placed on the right lobe (upper, middle, and
lower areas), and another one was placed on the middle of
the left external lobe. For the spleen, the ROI was placed
on the largest transaxial section. For the pancreas, the ROI
was placed on the body area on the largest transaxial sec-
tion. For the thyroid and kidney, the ROIs were placed
on the middle areas of each side. For the muscle, bone
marrow and bone, the ROIs were placed on the bilateral
psoas major (on the same slice of PET image), bilateral
medullary cavities in the upper areas of the femurs (on
the same slice of PET image), and the third lumbar body,
respectively. Finally, TACs were extracted from the above
ROIs including lung tumour lesions.
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Mathematic model fitting and parameter
generation

PMOD Kinetic Modelling (Version 3.2, Ziirich, Switzer-
land), independent of the built-in workstation, was used to
process the complete TAC data through the standard FDG
two-tissue compartment model fitting. In each model fitting,
the data of the ascending aorta were chosen for the temporal
whole-blood activity (CB(#)). In addition, CB(¢) was cor-
rected according to a previous study [24] to estimate the
plasma input function (CP(¢)), where the haematocrit was
different by sex (0.42 for men and 0.36 for women), and the
equilibration time constant was 0.2346 min~'. The kinetic
rate constants (Fig. 3) including K1 (the transport of '8F-
FDG forward from plasma to tissues), K2 (the transport of
BE_FDG backward from plasma to tissues), K3 (the intracel-
lular "®F-FDG phosphorylation), K4 (the intracellular ®F-
FDG dephosphorylation), and the fraction of blood volume
in tissue (vB) codetermined the temporal tissue activity of
'8F-FDG (CPET(?)), including CB(¢) for spillover correction
and CP(¢) for input curve. Finally, the Ki was calculated
through the following equation:

_ KI1%K3

Ki=——.
K2 + K3

In addition, the evaluation of goodness-of-fit in each
model fitting was through the recorded Akaike information
criterion (AIC) [25, 26], the Schwarz criterion (SC) [27],
and the determination index (R?). Representative model fit-
tings are shown in Fig. 4.

Statistical analysis

All data are presented as the mean + standard deviation
(SD), including median and Coefficient of Variation (CoV%)

Fig.3 The schematic of two-
tissue compartment models

if necessary. The statistical software SPSS 17 IBM SPSS
Inc., Chicago, Illinois, USA) and GraphPad Prism 5 soft-
ware (GraphPad Software, San Diego, CA, USA) were used
to perform statistical analyses. The chi-squared test and
Fisher’s exact test were performed for comparisons of cat-
egorical variables, while Student’s ¢ test or the Mann—Whit-
ney U test was used for continuous variables depending on
the Kolmogorov—Smirnov test. A p value less than 0.05 for
the two sides was considered statistically significant.

Results
The general patient characteristics

The general patient characteristics are shown in Table 1.
There was no significant difference between the full-activ-
ity and ultralow-activity groups in age, sex, height, weight,
BMI, blood glucose, tumour pathological grade, tumour
long diameter or SUVmax of the tumour lesion, except for
the core variable of injected '*F-FDG activity (p <0.001).

Kinetic metrics of '®F-FDG between the full-activity
and ultralow-activity groups

The kinetic constant rates K1, K2, K3, and Ki of 'F-FDG in
normal organs as well as lung tumours are shown in Table 2
and Table 3. No significant differences in the above kinetic
constant rates in measured tissues were found between the
full-activity and ultralow-activity groups.

The goodness-of-fit of model fitting
Each of the fitted models had a satisfactory goodness-of-

fit with R? greater than 0.9 except 3 (3/234) fitted mod-
els with R? less than 0.9 (Table 4). All the above 3 fitted
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Fig.4 Time courses and model fitting of *F-FDG with original data in normal organs and tumour lesions in a representative patient from the
full-activity group (upper row) and the ultralow-activity group (lower row)

Table 1 General patient

- Variables Full-activity Ultra-low-activity P value
characteristics
N 8 10
Age, years 0.69
Mean+SD 60.6+5.7 59.0+9.2
Range 50-67 42-68
Gender 0.64
Male 5 4
Female 3 6
Height (cm) 165.6+8.9 162.8+8.2 0.53
Weight (kg) 65.2+8.5 60.6+13.8 0.44
BMI (kg/m?) 23.8+2.5 22.5+3.2 0.40
Blood glucose (mmol/l) 5.0+0.6 5.8+0.7 0.27
Injected dose (MBq) 251.4+35.0 23.6+5.25 <0.001
Injected dose/weight (MBg/kg) 39+03 0.4+0.03 <0.001
Pathological grade 0.88
Well-differentiated (< II) 3 2
Poorly differentiated (> II) 5 7
Tumour long diameter 23.5+6.8 26.7+9.7 0.47
SUVmax 6.9+4.2 13.2+10.2 0.14

models were in ultra-low-activity group, where one in pan-
creas (R*=0.851), another one in muscle (R*>=0.868), and
the third one in bone marrow (R*>=0.895). In addition, all

the fitted models in the full-activity group had relatively

smaller AICs and SC, as well as larger R? values than the
ultralow-activity group, with a significant difference in
some of the measured organs.
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Table2 Summary of kinetic
metrics (K1 and K2) between
full-activity and ultra-low-

activity groups

Table 3 Summary of kinetic
metrics (K3 and Ki) between
full-activity and ultra-low-

activity groups

Organs

K1 (min™")

K2 (min™")

Full-activity

Ultra-low-activity P value

Full-activity

Ultra-low-activity P value

Mean+SD Mean+SD Mean+SD Mean+SD
Grey matter ~ 0.097+0.019 0.101+£0.019 0.710 0.075+0.024 0.098 +0.049 0.0.250
White matter  0.047 +0.006 0.045+0.006 0.514 0.119+0.026 0.096 +0.025 000.102
Medulla 0.094+0.018 0.092+0.012 0.740 0.152+0.100 0.142+0.041 0.797
Cerebellum 0.128+0.017 0.136+0.018 0.412 0.131+0.020 0.154+0.044 0.217
Thyroid 0.700+0.574 0.626 +0.306 0.745 2.111+1.661 1.805+0.981 0.652
Lung tumour 0.118+0.076 0.215+0.128 0.094 0.477+0.529 0.849+0.628 0.226
Liver 0.411+0.068 0.526+0.177 0.120 0.430+0.072 0.496+0.170 0.341
Spleen 1.254+0.330 1.181+0.435 0.716 2.259+0.884 1.859+0.467 0.262
Pancreas 0.491+0.338 0.578 +£0.307 0.598 1.642+0.905 1.513+0.967 0.788
Kidney 0.820+0.235 0.771+0.159 0.625 0.996+0.333 0.772+0.227 0.130
Muscle 0.053+0.024 0.101 +£0.057 0.052 0.415+0.139 0.751+0.541 0.126
Bone 0.125+0.014 0.159+0.068 0.206 0.522+0.148 0.517+0.236 0.959
Bone marrow  0.034+0.011 0.029+0.012 0.407 0.281+0.083 0.266+0.079 0.711
Organs K3 (min™!) Ki (min™")

Full-activity ~ Ultra-low-activity P value Full-activity Ultra-low-activity P value

Mean +SD Mean +SD Mean +SD Mean +SD
Grey matter  0.069+0.017 0.046+0.019 0.710 0.037+0.008  0.032+0.005 0.151
White matter  0.071+0.014 0.031+0.008 0.514 0.009+0.002  0.011+0.002 0.086
Medulla 0.079+0.028 0.056+0.021 0.740 0.024+0.005 0.026 +£0.006 0.531
Cerebellum 0.089+0.022 0.047+0.015 0412 0.032+0.005 0.032+0.006 0.956
Thyroid 0.024+0.009 0.014 +0.005 0.745 0.005+0.002  0.005+0.001 0.835
Lung tumour 0.114+0.391 0.127+0.054 0.094 0.024+0.014  0.031+0.015 0.362
Liver 0.008+0.001 0.003+0.001 0.120 0.003+0.001  0.004 +0.001 0.326
Spleen 0.012+0.002 0.008 +0.003 0.716 0.004+0.001  0.005+0.001 0.066
Pancreas 0.019+0.007 0.011+0.005 0.598 0.005+0.002  0.004+0.002 0.519
Kidney 0.008+0.003 0.006+0.003 0.625 0.004+0.002  0.006 +0.002 0.054
Muscle 0.036+0.008 0.017 +0.007 0.052 0.002+0.0005 0.002+0.001 0.230
Bone 0.056+0.010 0.030+0.009 0.206 0.008+0.002  0.009 +0.003 0.423
Bone marrow  0.029+0.007 0.011+0.003 0.407 0.002+0.001  0.001+0.001 0.299

Comparisons of Ki, SUVmax, and T/N ratio in lung

tumour lesions

The Ki in tumour lesions was not significantly different
between the full-activity and ultralow-activity groups, nor
was the SUVmax of the tumour (Fig. 5). However, the
CoV% of SUVmax was higher than Ki in both groups. In

Comparisons of prompt events and storage size

The prompt counts from PET data, including the true, scat-

(Table 5).

addition, the SUVmax-Tumour/SUVmax-Liver (Median
1.58, range 0.66-3.05 vs. Median 1.84, range 0.84—4.45) as
well as SUVmax-Tumour/SUVmax-Muscle (Median 8.11,
range 2.69-17.41 vs. Median 8.01, range 2.85-19.81) were
also not significantly different between full-activity and
ultra-low-activity group (Fig. 6).
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than in the ultralow-activity group. Furthermore, the effective
counts in each frame were also larger in the full-activity group.



Annals of Nuclear Medicine (2022) 36:887-896 893

Table 4 The evaluation of goodness-of-fit in PMOD kinetic model fitting

Organs AIC (Mean+SD) SC (Mean +SD) R? (Mean +SD)
Full-activity Ultra-low- P value Full-activity Ultra-low- P value Full-activity — Ultra-low- P value
activity activity activity
Grey matter 375+23.4 94.1+14.8 <0.001 455+234 101.9+14.8 <0.001 0.994+0.003 0.980=+0.009 <0.001
White matter ~ 38.1+20.4 107.7+13.9 <0.001 44.8+20.6 1153+14.0 <0.001 0.990+0.005 0.961+0.008 <0.001
Medulla 56.7+19.8 108.6+19.4 <0.001 64.7+19.8 116.5+19.5 <0.001 0.988+0.007 0.968+0.011 <0.001
Cerebellum 51.9+15.7 108.2+12.7 <0.001 60.0+15.7 116.2+12.7 <0.001 0.990+0.004 0.967+0.011 <0.001
Thyroid 429+183 85.7+29.5 0.003 483+18.5 91.7+29.8 0.003 0.968+0.015 0.927+0.022 <0.001
Lung tumour  43.0+24.1 62.7+25.7 0.136 50.2+24.2 64.0+26.2 0.147 0.970+0.023 0.968 +0.020 0.869
Liver 89.8+16.8 95.5+14.7 0485 964+17.4 101.6+15.3 0.538 0.936+0.019 0.916+0.017 0.039
Spleen 102.9+17.7 95.6+20.4 0.459 109.8+18.2 101.8+21.1 0.439 0.930+0.020 0.925+0.018 0.558
Pancreas 98.7+229 7534223 0.055 105.0+23.7 80.0+23.1 0.049 0.919+0.009 0.911+0.026 0.471
Kidney 50.5+184 83.0+19.2 0.003 55.6+193 89.0+19.9 0.003 0.968+0.014 0.933+0.017 <0.001
Muscle 96.7+26.1 69.3+21.6 0.036 103.5+26.6 74.1+22.0 0.027 0.936+0.014 0.917+0.023 0.075
Bone 94.7+18.5 749+23.0 0.081 101.7+194  79.9+23.9 0.067 0.935+0.021 0.918+0.010 0.052
Bone marrow 113.8+26.8 84.7+21.6 0.029 120.8+27.5 90.1+22.2 0.025 0.927+0.016 0.920+0.014 0.343
A NS p=0.36 B NS p=0.14
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Fig.5 Comparisons of Ki and SUVmax in tumour lesions between the full-activity group and the ultralow-activity group
Discussion rates in ultralow activity were not significantly different
from those in full activity.
To our knowledge, the present study was the first to In our previous research [15], we demonstrated that
explore the difference in '®F-FDG kinetic constant rates ~ ultralow-activity total-body dynamic PET imaging allows
between full-activity and ultralow-activity lung adenocar-  equal performance to full-activity PET imaging for inves-

cinoma patients through total-body dynamic PET imaging. ~ tigating Kinetic metrics of BE-FDG in healthy volunteers.
Despite one tenth of the injected dose, the kinetic constant ~ Oncological patients, however, were the biggest beneficiary
group when performing PET/CT imaging rather than healthy
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Fig.6 The SUVmax-Tumour/SUVmax-Liver and SUVmax-Tumour/SUVmax-Muscle on the PET image between the full-activity group and the
ultralow-activity group. No significant difference was found between the two groups

Table 5 The difference of
prompt count, data storage,
reconstruction time, and

Variable

Group

Full-activity Ultra-low-activity

radiation dosimetry between
full-activity and ultra-low-
activity group

Total counts(billion)

Prompt counts

Random counts

True counts

Scatter counts

Noise equal counts

Effective counts (Ture + Scatter)
Effective counts/frame (million)
Data storage (GByte)

47.74 (34.38-115.45)
41.98 (29.74-106.63)
25.81 (16.49-75.60)
16.17 (13.25-31.03)
5.65 (4.64-8.82)
2.48 (2.03-4.62)
21.82 (17.89-39.96)
396.73 (324.00-720.00)
631.0 (439.0-774.0)

3.38 (2.92-4.39)
2.77 (2.38-3.53)
1.04 (0.86-1.37)
1.73 (1.55-2.23)
0.61 (0.50-0.86)
0.46 (0.43-0.54)
2.34 (2.05-3.10)
42.54 (36.00-57.60)
63.6 (57.3-101.0)

volunteers. In addition, the presence of tumours may affect
the "8 F-FDG metabolism of other organs. Therefore, it is
meaningful to further evaluate the '®F-FDG kinetic constant
rates in oncological patients between different injected dose
groups by the total-body PET scanner.

Due to the high sensitivity of the total-body PET/CT
scanner, we successfully decreased the injected '*F-FDG
dose up to one tenth of the common dose again for dynamic
PET imaging. Two-dimensional ROIs were preferred in our
study instead of three-dimensional ROIs to avoid unwanted
areas beyond the target organ. Despite the ultralow injected
dose, no significant differences in the Ki or SUVmax in
tumour lesions were found when compared to the full-
activity group. Moreover, the Ki of lung adenocarcinoma
in our study was similar to Yang’s study [18] despite the
Patlak graphic analysis in their study. However, the Ki of
lung adenocarcinoma was obviously lower than that of lung

@ Springer

squamous cell carcinoma (SCC) in Yang’s paper. This was
in line with the fact that SCC displayed more FDG uptake
than lung adenocarcinoma [28].

In our study, both the Ki and the SUVmax of tumour in
the ultralow-activity group were higher than the full-activity
group despite of no statistical difference, due to the higher
proportion of the patients with poorly differentiated cancer
in ultralow-activity group. However, the CoV% of SUVmax
was higher than Ki in both groups, which indicated that the
SUVmax was more susceptible to interference. Further-
more, the SUVmax-Tumour/SUVmax-Liver and SUVmax-
Tumour/SUVmax-Muscle were also not significantly differ-
ent between the two groups, which indicated that the static
image quality in the ultralow-activity group was equal to that
in the full-activity group. In addition to the tumour lesion,
the Ki in other measured tissues was also not significantly
different between the full-activity and ultralow-activity
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groups. Therefore, considering another study [14] from
our team about half-dose '®F-FDG compared with conven-
tional PET/CT using full-dose FDG in lung cancer, we have
strongly demonstrated the feasibility of low-activity both in
static and dynamic PET/CT scanning by total-body PET/CT
in lung cancer patients.

The tenfold reduction in injected '®F-FDG dose is a huge
attractive advantage of decreasing radiation exposure. How-
ever, research on low-activity PET/CT scanning is rare due
to the intrinsically noisy nature of PET modalities, espe-
cially dynamic PET scanning. Furthermore, the low signal-
to-noise ratio (SNR) of dynamic PET data is a major obsta-
cle which can cause the severe deviation in the evaluation of
dynamic parameter [29]. To achieve equivalent image qual-
ity and lesion detectability when compared with full activity,
the lowest PET counts need to reach 5 million in low-activity
scanning [30]. In our study, the median effective count in
each frame was 42.54 million in the ultralow-activity group,
which exceeded the minimum requirement described above.
Despite no denoising method in our dynamic study while
the nonlocal means (NLM) method in Wu’s study [31], the
random counts and noise equal counts (NEC) were also
decreased in ultralow-activity compared with full activity,
which may improve the image quality despite the lower total
counts.

In addition to the advantage of decreasing radiation expo-
sure, the lower storage of PET/CT scanning data in ultralow
activity, especially in dynamic scanning, is another attractive
point that relieves the burden of storage in clinical worksta-
tions. The median size of the data in the full-activity group
was more than 631 GB, while it was 63.6 GB in ultra-low-
activity group. The nearly tenfold reduction in data size
offered the huge possibility to store more research data in
the limited storage capacity of clinical workstations.

Despite the advantages in the ultralow-activity group
described above, we found that the goodness-of-fit of model
fitting in the full-activity group was superior to that in the
ultralow-activity group, which indicated that a sufficient
injected dose of '®F-FDG was required for dynamic PET
imaging to guarantee stable model fitting. This reason also
applied to the diverse goodness-of-fit in different organs,
which explained that organs with high '®F-FDG metabolism,
such as brain tissues, showed better model fitting, whereas
those with low '®F-FDG metabolism, such as pancreas,
muscle, and bone marrow, showed relatively poor model
fitting with R? less than 0.9. Furthermore, this may offer the
reasonable explanation of the p value is more than but near
the 0.05 in K1 value in muscle as well as K3 value. Due to
the high '8F-FDG metabolism in tumours, the tumour lesion
also displayed better model fitting than other organs except
brain tissues, even in the ultralow-activity group.

However, there are still several unavoidable limitations in
this study. First, the interclass variances of kinetic constants

in some organs, especially for organs with low 'F-FDG
metabolism, were still substantial in both the ultralow-
activity and full-activity groups. Second, the patients in
each group were not large enough and lacked a portion of
advanced metastatic lung adenocarcinoma. Hence, a fol-
low-up study on dynamic PET scanning may recruit more
patients to avoid similar limitations. Third, the dynamic PET
imaging with 60 min is too long for the clinical practice and
too difficult for the oncological patients to avoid slight move-
ment. For this reason, the short time dynamic PET imaging
may be more attractive in the future.

Conclusion

We demonstrated that there were no significant differences
in kinetic metrics or image quality after one-tenth injected
dose of 'F-FDG using a high-sensitivity total-body PET
scanner in lung adenocarcinoma patients compared to full-
activity dynamic imaging, except in the reduction of radia-
tion dose and data storage size. Thus, combined with our
previous work related to the decreased injected dose of '*F-
FDG by a total-body PET scanner, it is feasible to use one-
tenth injected dose of '®F-FDG for clinical practice in onco-
logical patients without obesity in dynamic PET scanning.
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