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Abstract
Purpose The purpose was to explore the effects of total-body PET/CT with half-dose 18F-FDG activity on image quality,
compared with those of conventional PET/CT with clinical routine full-dose 18F-FDG in lung cancer.
Methods Fifty-six primary lung cancer patients who underwent total-body PET/CT on a uEXPLORER scanner with half-dose
(1.85 MBq/kg) 18F-FDG activity before treatment were retrospectively studied; among them, 28 patients were confirmed by
postoperative pathologic examination and 28 patients by biopsy. After matching with the pathological study results, the other 28
patients with lung cancer who underwent surgery were selected for the full-dose (3.70 MBq/kg) group. Patients in the full-dose
group were studied with a conventional uM780 PET/CT scanner. The acquisition time of the half-dose group was 15 min, split
into 4-min and 2-min duration groups, which were all referred to as G15, G4 and G2, respectively. The PET/CT scanning speed
in the full-dose group was 2 min/bed. Image quality was evaluated by subjective and objective analyses. The subjective analysis
methodwas carried out with a 5-point scale (5-excellent, 1-poor). Objective analysis indicators of PET image quality included the
SUVmax, SUVmean and signal-to-noise ratio (SNR) of the liver; the SUVmax and SUVmean of the blood pool; and the
SUVmax and tumour-to-background ratio (TBR) of the lesions. G15 served as the reference for G2 and G4 to test lesion
detectability.
Results Image quality scores in G2 (4.3 ± 0.7) were significantly higher than those in the full-dose group (3.7 ± 0.6) (p = 0.004).
The mean and SD of the image quality scores in G4 and G15 were 4.9 ± 0.2 and 5.0 ± 0.0, respectively. The liver SNR in G2 was
significantly higher than that in the full-dose group; the corresponding SNR were 11.7 ± 1.5 and 8.3 ± 1.2 (p < 0.001), respec-
tively. The liver SNR significantly increased with the time of acquisition among G2, G4 and G15 (11.1 ± 1.7, 15.2 ± 3.4 and 30.5
± 6.0, all p < 0.05). G15 served as the reference, and all these lesions (100%) could be identified by G2 and G4.
Conclusion Total-body PET/CT with half-dose 18F-FDG activity in G2 and G4 achieved comparable image quality to conven-
tional PET/CT, and its image quality was better than that of conventional PET/CTwith clinical routine full-dose 18F-FDG in lung
cancer.
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Introduction

Positron emission tomography/computed Tomography (PET/
CT) with F-18-flurodeoxyglucose (18F-FDG) plays an impor-
tant role in tumour diagnosis, staging, restaging, efficacy eval-
uation, etc., and guides the selection of clinical treatment op-
tions [1–5]. The performance of PET depends on the scintil-
lator used in the detector. NaI (Tl) was the first fast scintillator
with high light yield that could provide good resolution and
was commonly used in the mid-1970s. Nevertheless, low den-
sity and effective atomic number resulted in limited sensitiv-
ity. Therefore, the bismuth germanite (BGO) scintillator,
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which has a high density and atomic number, was selected as a
substitution [6]. With the development of scintillator material,
lutetium oxyorthosilicate (LSO) was discovered to have a
higher density and a faster decay time than BGO. Currently,
LSO-based PET has become the dominant PET detection ma-
terial and can provide a good resolution with a short scan time.

There are two main factors that result in the poor sensitivity
of current whole-body PET scans [7]. First, approximately
85–90% of the body is outside the axial field of view (FOV)
of the scanner. Second, even within the FOV of the scanner,
hardly any available signals can be collected. Compared with
whole-body PET scanners, total-body PET scanners have
demonstrated great improvements: total-body PET/CT scan-
ners are equipped with LYSO crystal and silicon
photomultiplier (SiPM) photoelectric conversion technology
with the application of an optimal algorithm, possessing a
194-cm-long FOV that allows the simultaneous recording of
coincidence photons from the entire human body, and the
sensitivity can be increased by a factor of approximately 40-
fold [7–9]. With these improvements in the performance of
clinical PET/CT equipment, total-body PET scanners can
achieve comparable image quality with a significant reduction
in tracer activity [9]. In clinical practice, the injected activity is
often restricted by concerns about the radiation dose to pa-
tients. However, to the best of our knowledge, there have been
few studies about PET/CT with low-dose injection activity.
Our preliminary clinical case showed that in a subject
weighing 43.5 kg after the injection of 25 MBq (0.58 MBq/
kg) 18F-FDG and waiting for 50 min with subsequent data
acquisition for 10 min by a total-body PET scan, the image
quality met the diagnostic needs [9]. Therefore, our team
aimed to explore whether reducing 18F-FDG injection activity
could meet the needs of clinical diagnosis. The study showed
the image quality and diagnostic efficacy of total-body PET/
CT imaging with 1.85 MBq/kg 18F-FDG in lung cancer and
compared it with that of conventional PET/CT imaging with
clinically routine 3.7 MBq/kg 18F-FDG.

Materials and methods

Patients

In this study, we retrospectively collected data from fifty-six
primary lung cancer patients who underwent total-body PET/
CT with half-dose (1.85 MBq/kg) 18F-FDG activity before
treatment. Of them, 28 patients (30 lesions) received surgical
treatment, and the others received endobronchial ultrasound
with real time–guided transbronchial needle aspiration
(EBUS-TBNA). All of them were diagnosed with primary
lung cancer confirmed by pathological study. All scans were
performed and evaluated by Zhongshan Hospital Fudan
University between October 2019 and May 2020. Patients

were excluded if there were no avid FDG findings in lung
cancer. The characteristics of the patients were summarized
in Table 1.

After matching with the pathological results, another 28
lung cancer patients (30 lesions) who underwent surgery were
selected for the full-dose (3.70 MBq/kg) group. Patients in the
full-dose group were studied with a conventional uM780
PET/CT scanner, and their imaging quality was compared
with that of total-body PET/CT with half-dose 18F-FDG ac-
tivity. These patients with lung cancer had avid FDG findings.
To minimize the impact on PET/CT image quality, we
matched and screened the two groups. The preliminary prep-
aration and inspection procedures of the two groups were the

Table 1 Clinicopathological characteristics of patients (n = 56) who
underwent total-body PET/CT with half-dose 18F-FDG activity

Characteristic Value

Age (years old) 63.9 ± 10.0 (range 29–80)

Sex

Male 38 (67.9%)

Female 18 (32.1%)

BMI (kg/m2) 22.9 ± 2.7

Diabetes 9 (16.1%)

Blood glucose before injection (mmol/L) 5.7 ± 1.1

Injected dose (MBq) 119.5 ± 18.7

Waiting time (min) 74.5 ± 22.9

Overall stage

I 18 (32.1%)

II 6 (10.7%)

III 10 (17.9%)

IV 22 (39.3%)

Clinical T stage

T1 23 (41.1%)

T2 14 (25.0%)

T3 9 (16.0%)

T4 10 (17.9%)

Clinical N stage

N0 27 (48.2%)

N1 3 (5.4%)

N2 9 (16.1%)

N3 17 (30.3%)

Clinical M stage

M0 34 (60.7%)

M1 22 (39.3%)

Histology

Adenocarcinoma 37 (66.1%)

Squamous cell carcinoma 8 (14.3%)

Small-cell carcinoma 4 (7.1%)

Neuroendocrine carcinoma 3 (5.4%)

Mixed/unspecified 4 (7.1%)
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same. No significant difference was found between the two
groups in terms of age, sex, BMI, history of diabetes, blood
glucose level before injection, waiting time, number of lesions
in the lung or pathological type of lesions. Table 2 lists all
these factors. This study was approved by the Medical Ethics
Committee of Zhongshan Hospital Fudan University (2019-
029R), and informed consent was obtained from the half-dose
group.

PET/CT examination

Patients were required to avoid strenuous exercise within 24 h
and to fast for 6 h prior to 18F-FDG PET/CT imaging. At the
time of 18F-FDG injection, the fasting blood glucose level was
less than 10 mmol/L. The blood glucose level of patients with

diabetes should be controlled below 11.0 mmol/L. In the half-
dose group, patients received an injection of 18F-FDG accord-
ing to their body weight (1.85 MBq/kg). Patients in the full-
dose group were also injected intravenously with 18F-FDG
according to their body weight (3.7 MBq/kg). 18F-FDG was
provided by Shanghai Atom Kexing Pharmaceutical Co., Ltd.
and its radiochemical purity was more than 95%. All patients
rested quietly for approximately 60 min after the injection of
18F-FDG and then underwent PET/CT imaging.

For the half-dose group, the PET/CT scanner used LYSO
crystal and SiPM photoelectric conversion technology with a
194-cm-long longitudinal FOV (uEXPLORER, United
Imaging Healthcare, Shanghai, China). The PET/CT scanner
used in the full-dose group had a digital light guide device
with 112 rings (uM780, United Imaging Healthcare,

Table 2 Clinicopathological characteristics of patients who underwent surgery between the half-dose group and the full-dose group

Half-dose group underwent surgery (n = 28) Full-dose group underwent surgery (n = 28) P value

Age (years) 60.6 ± 11.0 62.5 ± 10.2 0.51

Sex 1.00

Female 10 10
Male 18 18

BMI (kg/m2) 22.6 ± 2.7 22.9 ± 2.7 0.72

Diabetes 4 (14.2%) 2 (7.1%) 0.67

Blood glucose level before injection (mmol/L) 5.4 ± 0.9 5.3 ± 0.9 0.45

Injected dose (MBq) 119.5 ± 18.8 229.8 ± 42.9 < 0.001

Waiting time (min) 69.5 ± 19.2 63.5 ± 19.9 0.20

Overall stage

I 18 18 1.00

II 6 6 1.00

III 4 4 1.00

Pathological T stage

T1 18 19 1.00

T2 7 6 1.00

T3 2 2 1.00

T4 1 1 1.00

Pathological N stage

N0 24 24 1.00

N2 4 4 1.00

Pathological M stage

M0 28 28 1.00

Number of lesions in the lung (n) 30 30 1.00

Lesion size (mm) 26.0 ± 12.5 (range 10.1 ~ 64.4) 26.3 ± 14.2 (range 7.0 ~ 63.6) 0.80

Intrapulmonary nature of lesions

Solid lesions (number) 21 (70.0%) 21 (70.0%) 1.00

Ground-glass lesions (number) 9 (30.0%) 9 (30.0%) 1.00

Pathological pattern

Adenocarcinoma (number) 23 (76.7%) 23 (76.7%) 1.00

Squamous carcinoma (number) 6 (20.0%) 5 (16.7%) 1.00

Other cancer (number) 1 (3.3%) 2 (6.7%) 1.00
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Shanghai, China). The comparison of the specifications be-
tween the two scanners was shown in Table 3.

Image acquisition and processing

Images in the half-dose group were acquired by a total-body
PET/CT scanner using a 3D list-mode, which would continu-
ously perform PET scans for 15 min. The PET images were
first reconstructed using all 15 min data and were further split
into 4-min and 2-min duration groups to simulate fast acqui-
sition scenarios. To compare these data with the routine clin-
ical PET/CT acquisition with a speed of 2 min/bed, we chose
the reconstructed 4-min and 2-min duration images. In the
present study, the image series reconstructed with durations
of 15 min, 4 min and 2 min were referred to as G15, G4 and
G2, respectively. The total-body scanner had a reconstructed
spatial resolution of 1 cm from the centre of the field of view
[9]. The coincidence time window varied with the unit differ-
ence to account for the different path lengths through the body
and ranged from 4.5 to 6.9 ns [9]. PET images were recon-
structed by the ordered subset expectation maximization
(OSEM) algorithm with the following parameters: time of
flight (TOF) and point spread function (PSF) modelling, 3
iterations and 20 subsets, matrix 192 × 192, slice thickness
1.443 mm and the full width at half maximum of the
Gaussian filter function 3 mm. The CT scan parameters were
as follows: tube voltage 120 kV, tube current 140 mAs, pitch
1.0, collimation 0.5 mm and reconstructed slice thickness
0.5 mm.

PET/CT scans in the full-dose group ranged from the roof
of the skull to the middle of the femur. The longitudinal field
of view was 30 cm, and the scanning speed was 2 min/bed.
The PET image reconstruction algorithm used the OSEM it-
eration (2 iterations, 20 subsets), TOF technology and PSF
technology, and the full width at half maximum of the
Gaussian filter function was 3 mm. The CT scanning param-
eters were as follows: tube voltage 120 kV, tube current
140 mAs, pitch 1.0, collimation 0.5 mm and reconstructed
slice thickness 0.5 mm.

Analysis of PET/CT imaging

The PET/CT images were independently evaluated by two
experienced nuclear radiologists. In cases of discrepancy, an
agreement was reached after mutual consultation. According
to the Likert quintile [10], the image quality by subjective
analysis was as follows: 5, excellent image quality; 4, good
image quality; 3, average image quality; 2, poor image qual-
ity; and 1, very poor image quality. Image quality scores of 3
or higher were qualified, indicating that the needs of clinical
diagnosis could be met, whereas image quality scores of 1–2
did not meet the needs of clinical diagnosis.

The objective image quality analysis was performed by an
experienced technician under the supervision of a nuclear ra-
diologist. A 2D circular region of interest (ROI) was placed in
a homogeneous area in the right liver lobe and in the ascend-
ing aorta at the level of the bronchial bifurcation as the blood
pool. Avoiding intrahepatic lesions and large blood vessels,
the diameter of the ROI within the right liver lobe was limited
to 20 mm. The maximum of the standard uptake value
(SUVmax), the mean of the standard uptake value
(SUVmean) and the standard deviation (SD) of the ROI in
the liver were recorded. The signal-to-noise ratio (SNR) of
liver was calculated by dividing the liver SUVmean in the
ROI by its SD. The SUVmax and SUVmean in the ascending
aorta were recorded. Another ROI was placed to measure the
SUVmax of a lung lesion with the maximal diameter on the
transverse view. In cases of multiple lung lesions, the lung
lesion with the highest SUVmax in each patient was selected
in this study. The tumour-to-background ratio (TBR) was cal-
culated by dividing the SUVmax of the lung lesion by the
SUVmean of the blood pool. All ROI measurements were
taken on G15 images, and then the copy-and-paste ROI func-
tion was used to measure the same lesion on the G2 and G4
images to ensure that the location and the size of the ROI were
identical across them.

Lesion detectability

All avid FDG lesions confidentially identified by the readers
were counted, and the location of the lesion was documented.
The result of G15 served as the reference to test the lesion

Table 3 Characteristics of the uEXPLORER and uM780 PET/CT
systems

PET/CT systems uEXPLORER uM780

Crystal material LYSO LYSO

Amplifier SiPM SiPM

Number of rings 672 112

Size of crystals [mm3] 2.76 × 2.76 × 18 2.76 × 2.59 × 18

Axial FOV [mm] 1940 300

Overlap [%] / 25

NEMA sensitivity [cps/kBq] 176 15

FWHM axial @ 1 cm [mm] 2.9 2.9

Coincidence window width (ns) 4.5 4

Timing resolution (ps) 430 430

Lower energy threshold (keV) 430 430

Slice thickness [mm] 1.443 1.340

Image planes in the axial FOV 1343 /

FOV field of view, FWHM full width at half maximum, LYSO lutetium-
yttrium oxyorthosilicate, NEMA National Electrical Manufacturers
Association, PM photomultiplier; SiPM silicon photomultiplier
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detectability in G4 and G2. The lesions’ detectability was
measured by the lesion detection rate in this study.

Statistical analysis

SPSS 19.0 software for Windows (IBM SPSS Inc., Armonk,
NY, USA) was used for statistical analysis, with p values <
0.05 indicating a significant difference. Continuous variables
were expressed as the mean ± standard deviation (SD). The
Kruskal-Wallis rank-sum test and Dunn’s post hoc test for
multiple comparisons were used for the comparison of the
subjective image quality among the groups. Independent sam-
ple t tests and non-parametric Mann-Whitney U tests were
used to compare data between the half-dose group and the
full-dose group. Paired t tests with Bonferroni correction were
used to compare the objective image quality among G15, G4
and G2 images in the half-dose group.

Results

Patient characteristics

In the half-dose group, a total of 56 patients (38 males, 18
females; 63.9 ± 10.0 years old) confirmed to have primary
lung cancer were enrolled. The details were listed in
Table 1. Compared with the 28 lung cancer patients who
underwent surgery in the half-dose group, the 28 lung cancer
patients confirmed by surgical pathology who underwent con-
ventional PET/CT scans injected with full-dose (3.70 MBq/
kg) 18F-FDG activity were screened. As shown in Table 2,
there were no statistically significant differences in age, sex,
BMI, history of diabetes, injection and imaging intervals or
the diameter, nature and pathological type of the lung lesions
between the half-dose group and full-dose group, with
p > 0.05. The difference in the injection dose was statistically
significant, with p < 0.001.

Comparison of PET/CT image quality scores

According to the PET/CT image quality scores shown in
Table 4, all the image qualities in the full-dose group and

the half-dose group met the clinical diagnosis requirements.
Figure 1 showed that the scores were typically evaluated as 4
points for G2 and 5 points for G4 and G15. Based on the
results, the frequency of an image quality score evaluated as
5 points in G2 was greater than that in the full-dose group
(35.7% vs 7.1%). The image quality score also showed the
same tendency between G2 (4.3 ± 0.6) and the full-dose group
(3.7 ± 0.6), with a significant difference (p = 0.004). In the
half-dose group, the mean and SD of the image quality scores
of G2, G4 and G15 were 4.3 ± 0.6, 4.9 ± 0.2 and 5.0 ± 0.0,
respectively. Additionally, 53 cases (94.6%) in G4 and 56
cases in G15 (100%) were evaluated as 5 points. The half-
dose group showed a significant difference the image quality
score between G2 andG4, with p < 0.001, while the difference
between G4 and G15 was not significant (p = 1.0).

Objective evaluation of PET/CT image quality be-
tween the half-dose group and full-dose group

As shown in Table 5, the image quality was compared be-
tween G2 (28 cases of surgery) and the full-dose group (28
cases of surgery) by objective analysis. The liver SNR in G2
(11.7 ± 1.5) was significantly higher than that in the full-dose
group (8.3 ± 1.2, p < 0.001). In addition, the average SUVmax
and SUVmean of the liver in G2 were 3.4 ± 0.5 and 2.7 ± 0.5,
respectively, which were significantly higher than those in the
full-dose group (2.9 ± 0.5 and 2.1 ± 0.3, respectively;
p < 0.001). The average SUVmax and SUVmean of the blood
pool in G2 were 2.5 ± 0.5 and 2.0 ± 0.4, respectively, which
were significantly higher than those of the full-dose group
(2.2 ± 0.4 and 1.5 ± 0.2, respectively) (p < 0.05). The mean
SUVmax of the lesions and the TBR were not significantly
different between G2 (9.2 ± 7.8, 4.7 ± 3.9) and the full-dose
group (8.1 ± 5.7, 5.4 ± 3.9), with p = 0.47 and p = 0.38.

Half-dose total-body image quality

The lung lesions were clearly visible on the G2, G4 and G15
images. The liver SNR of G2, G4 and G15 were 11.1 ± 1.7,
15.2 ± 3.4 and 30.5 ± 6.0, respectively. The differences were
statistically significant (all p < 0.001), as shown in Fig. 2a.
The average liver SUVmax, liver SUVmean, blood pool

Table 4 Subjective image quality (number and percentage)

Excellent
(score 5)

Good
(score 4)

Average
(score 3)

Poor
(score 2)

Very poor
(score 1)

Average score

Full-dose group
2 min/bed (n = 28)

2 (7.1%) 15 (53.6%) 11 (39.3%) 0 0 3.7 ± 0.6

G2 (n = 56) 20 (35.7%) 33 (58.9%) 3 (5.4%) 0 0 4.3 ± 0.6

G4 (n = 56) 53 (94.6%) 3 (5.4%) 0 0 0 4.9 ± 0.2

G15 (n = 56) 56 (100%) 0 0 0 0 5.0 ± 0.0
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SUVmax and SUVmean in G2were 3.3 ± 0.5, 2.6 ± 0.4, 2.5 ±
0.4 and 1.9 ± 0.4, which were greater than those in G4 (3.1 ±
0.5, 2.6 ± 0.4, 2.3 ± 0.4 and 1.9 ± 0.4) and G15 (2.9 ± 0.5, 2.6
± 0.4, 2.1 ± 0.4 and 1.8 ± 0.4). The liver SUVmax was signif-
icantly different between G2 and G15 (p < 0.001) and be-
tween G4 and G15 (p = 0.026), as shown in Fig. 2a. The blood
pool SUVmax between G2 and G15 was significantly differ-
ent (p = 0.01).

The TBR and SUVmax of lung lesions, lymph nodes and
bone lesions were almost the same in G2 and G4 and were

greater than those in G15. However, there were no significant
differences among G2, G4 and G15, all p > 0.05, as shown in
Fig. 2b. The SUVmax values of lung lesions in G2, G4 and
G15 were 14.8 ± 10.4, 14.7 ± 10.3 and 13.0 ± 8.7, respective-
ly, and the corresponding TBR of lung lesions were 8.4 ± 6.9,
8.4 ± 6.9 and 7.6 ± 5.5, respectively. The SUVmax values of
lymph nodes in G2, G4 and G15 were 15.6 ± 7.0, 15.4 ± 6.7
and 13.0 ± 5.7, and the corresponding TBR values of lymph
nodes were 9.0 ± 5.4, 9.0 ± 5.3 and 7.7 ± 4.2, respectively.
The SUVmax values of bone lesions in G2, G4 and G15 were

Fig. 1 A 58-year-old man with infiltrating adenocarcinoma of the lung
confirmed by surgery. The avid FDG lesions in the upper lobe of the right
lung were identified in maximum intensity projection (MIP) (a–c) and
axial images (d–f) for G2, G4 and G15. The image quality scores of G2,

G4 and G15 were 4, 5 and 5 points, respectively. The liver SNR were
10.1, 13.0 and 22.9 in G2, G4 and G15, respectively. The lesion SUVmax
values of G2, G4 and G15 were 8.1, 7.8 and 7.5, respectively

Table 5 Objective image quality parameters (mean ± standard deviation) in total-body PET/CT and conventional PET/CT

SUV parameters G2 group underwent surgery (n = 28) Full-dose group underwent surgery (n = 28) P value

Liver SUVmax (range) 3.4 ± 0.5 (2.4 ~ 4.3) 2.9 ± 0.5 (1.8 ~ 3.6) < 0.001

Liver SUVmean (range) 2.7 ± 0.5 (1.9 ~ 3.7) 2.1 ± 0.3 (1.4 ~ 2.7) < 0.001

Liver SNR (range) 11.7 ± 1.5 (9.1 ~ 14.2) 8.3 ± 1.2 (6.6 ~ 10.9) < 0.001

Blood pool SUVmax (range) 2.5 ± 0.5 (1.7 ~ 3.4) 2.2 ± 0.4 (1.4 ~ 2.8) 0.007

Blood pool SUVmean (range) 2.0 ± 0.4 (1.3 ~ 2.8) 1.5 ± 0.2 (1.0 ~ 2.0) < 0.001

Lesions SUVmax (range) 9.2 ± 7.8 (1.1 ~ 30.8) 8.1 ± 5.7 (1.5 ~ 21.1) 0.47

Lung lesions to blood pool SUVratio 4.7 ± 3.9 (0.5 ~ 23.7) 5.4 ± 3.9 (1.0 ~ 15.7) 0.38

1971Eur J Nucl Med Mol Imaging  (2021) 48:1966–1975



19.1 ± 11.6, 19.0 ± 11.5 and 15.6 ± 9.8, and the corresponding
TBR values of bone lesions were 12.1 ± 10.8, 12.2 ± 11.1 and
10.4 ± 9.5, respectively.

Lesion detectability

On the PET G15 images, 58 primary lung cancer lesions were
identified. In G2 and G4, all primary lung cancer lesions
(100%) were found. On the PET G15 images, there were 28
cases of lymph node lesions, 16 cases of bone lesions, 4 cases
of intrapulmonary metastasis, 4 cases of liver metastasis, 3

cases of adrenal lesions, 2 cases of peritoneal lesions, 1 case
of intracranial lesions and one case of diaphragmatic lesions.
All these lesions (100%) could be identified in G2 and G4,
and a typical case was shown in Fig. 3.

Discussion

The common standardized imaging procedure of 18F-FDG
PET/CT will help to promote the appropriate use and increase
the value of clinical application. The European Association of

Fig. 2 Comparison of objective image quality parameters in total-body
PET/CT among G2, G4 and G15 images. a The liver SUVmax,
SUVmean and SNR as well as the blood pool SUVmax and SUVmean
were compared among G2, G4 and G15. The differences in the liver SNR
were statistically significant (p < 0.001). The liver SUVmax was signifi-
cantly different between G2 and G15 (p < 0.001) and between G4 and
G15 (p = 0.026). The blood pool SUVmax was significantly different

between G2 and G15, with p = 0.01. b The TBR and SUVmax values
of lung lesions, lymph nodes and bone lesions were almost the same in
G2 and G4 and were greater than those in G15. The differences were not
statistically significant among the three groups, all p > 0.05. (“*” and
“***” indicate p < 0.05 and < 0.001, respectively, while “ns” denotes no
significance)

Fig. 3 A 58-year-old man with non-small-cell lung cancer confirmed by
bronchoscopy. PET showed avid FDG in multiple lymph nodes (left
hilum, mediastinum and right clavicular area), liver, multiple bones and
right adrenal gland in MIP (a–c) for G2, G4 and G15. The axial images

showed lesions in the inferior lobe of the left lung (d–f), right clavicular
area (g–i), liver and right adrenal gland (j–l) for G2, G4 and G15. The
image quality score was 5 points in G2, G4 and G15. The liver SNR were
13.3, 16.7 and 24.8 in G2, G4 and G15, respectively
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Nuclear Medicine (EANM) procedure guidelines for tumour
imaging with 18F-FDG PET/CT have been amended to keep
patient radiation exposure levels as low as reasonably possible
with the (ALARA) principles [11]. Recommendations for the
18F-FDG dose and administered activity are usually calculated
according to the patient’s weight, acquisition time and the
sensitivity profile of the PET bed overlap. The current recom-
mended 18F-FDG activity is no less than 7MBq/kg per minute
per bed, which is converted to a data acquisition time of 2min/
bed, and the 18F-FDG dose that is needed for injection into
patients is approximately 3.7MBq/kg [11]. In our department,
we employed the EANM procedure guidelines as clinical rou-
tine for PET/CT imaging: an injected dose of 3.7 MBq/kg
(full-dose) 18F-FDG and a data acquisition time of 2 min/
bed. Patients in the half-dose group were injected with
1.85 MBq/kg 18F-FDG and underwent total-body PET/CT
imaging. In addition, due to the clinical routine 780 PET/CT
acquisition with a speed of 2 min/bed in our centre, we chose
the G2 and G4 images for total-body PET/CT to compare with
clinical routine PET/CT with half-dose FDG.

The image quality of PET is affected by multiple factors,
such as instrument use, imaging parameters, reconstruction
parameters, imaging agents, waiting time, subject preparation
and individual subject factors (including blood glucose level,
history of diabetes, BMI, etc.) [12–16]. Therefore, to reduce
interference factors that affect the quality evaluation of PET
images as much as possible, all cases in this study were col-
lected during the same period to ensure that the radiochemical
purity of 18F-FDG was basically the same. The subject prep-
aration and process of PET/CT imaging were consistent be-
tween the half-dose group and the full-dose group. There were
no significant differences in age, sex, BMI, history of diabetes,
interval time between agent injection and patient imaging or
the diameter, nature or pathological type of lung lesions be-
tween the two groups. This made the image quality of the two
groups with resected lesions more comparable.

With the rapid development of medical imaging equip-
ment, the performance of PET/CT detectors has gradually
improved. The total-body PET detector crystals measure
2.76 × 2.76 mm2 in cross section by 18.1 mm in depth and
are arranged in 7 × 6 arrays coupled to SiPMs for read-out.
The system has 8 axial units, each with an axial FOV of 24 cm
and with a gap of just 2.5 mm between units. The total-body
PET/CT scanner has the following advantages. First, it pos-
sesses an ultralong PET axial FOV of 194 cm. Second, com-
pared with the current commercial PET/CT system, it has
ultrahigh sensitivity. A single-bed scan can achieve total body
imaging, greatly reducing the scanning time. Otherwise, due
to the ultrahigh sensitivity, the image quality can meet the
needs of clinical diagnosis at a relatively low tracer dose
[17–19]. In this study, our data showed that the image quality
of G2 was better than that of the full-dose group. The image
quality score in the former group (4.3 ± 0.6) was higher than

that in the full-dose group (3.7 ± 0.6, p = 0.004). The SNR of
the half-dose group was also significantly higher than that of
the full-dose group (p < 0.001). These results suggested that
total-body PET/CT with full-dose (1.85 MBq/kg) 18F-FDG
was feasible for clinical application, the quality of the PET
images could be improved and the dose of radiation to patients
could be reduced. In addition, the SUVmax and SUVmean of
the liver and blood pool in G2 were higher than those in the
full-dose group. This might likely be because total-body PET/
CT possesses a 194-cm-long axial FOV, which allows simul-
taneous recording of coincidence photons from the entire hu-
man body and would increase the information obtained by the
detector, resulting in an increase in the values of SUVmax and
SUVmean in the liver and blood pool. Second, there were
individual differences between G2 and the full-dose group,
and the number of samples was relatively small.

In terms of the acquisition time, a longer time always re-
sults in higher image quality. Taking the G15 image as a
reference, the image quality score of G15 was 5.0. The image
quality of total-body PET in G2 was slightly inferior to that in
G4, but the image quality in the two groups could meet the
needs of clinical diagnosis, and lung lesions were also clearly
demonstrated. The image quality scores in G2 and G4 were
4.3 ± 0.6 and 4.9 ± 0.2, respectively (p < 0.001). The objective
analysed index of liver SNR increased with reconstructed time
in G2, G4 and G15. The longer the time, the better the PET
image quality was, which is consistent with previous research
results [20]. The objective index values of the SUVmax in the
liver and blood pool gradually decreased in G2, G4 and G15,
which provided an estimation of the deviation in the SUVmax
resulting from the noise, as shown in the study by Zhang et al
[21] This means that extending the acquisition time could
reduce image noise, making the reduction in the SUV values
of the liver and blood pool closer to the real value, which is
consistent with a previous study by Halpern et al [22] A short-
ened reconstruction time might affect the precision of the
SUV and TBR. In this study, the lesion detection rate was
100% in G2 and G4, in reference to G15. The average
SUVmax and TNR values of all lesions in G2 and G4 were
higher than those in G15, but with no significant difference
(p > 0.05). This was similar to the results of Hausmann et al.
[23] who reported that the acquisition time had no significant
effect on the SUVmax of the lesion. The results suggested that
a sufficient and acceptable imaging quality of total-body PET/
CT with half-dose 18F-FDG in lung cancer could be achieved
in G2.

There were some potential limitations in this study. First, it
was a single-centre study, and the relatively small population
might have resulted in selection bias. Second, it was still un-
avoidable that individual differences would affect the quality
of PET/CT images because the enrolled cases were different
between the half-dose group and the full-dose group. Third,
our study only comparatively analysed the PET/CT image
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quality of these cases with surgical pathology in G2 and in the
full-dose group, did not comparatively analyse the PET/CT
image quality of the remaining cases without surgery between
the two groups. Fourth, it is well known that CT image fea-
tures are vital for the diagnosis of lung cancer. Our study
mainly focused on the analysis of PET images and not on
CT images. Fifth, our study was based on FDG injection pro-
tocols, which may not be extrapolated to tracers beyond FDG.
Finally, it may be a better choice to use pathological findings
as the reference to test lesion detectability rather than referring
to the G15 images.

Due to the 194-cm-long FOV, ultrahigh system sensitivity
and good spatial resolution, total-body PET could be performed
with a low administered activity or short acquisition time, could
achieve total-body dynamic acquisition and could provide high
detectability for small lesions and distant metastases. We pre-
liminarily explored the feasibility of the clinical application of
total-body PET/CT with half-dose FDG in this study. In con-
clusion, we demonstrated that total-body PET with half-dose
18F-FDG activity for G2 and G4 images could achieve a com-
parable image quality to conventional PET, and the image qual-
ity was even superior to that of conventional PET. This result
suggested that the injected dose could be reduced, which would
help to reduce radiation doses for subjects.
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