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Objective: To compare the diagnostic differences between total-body PET/CT
(positron emission tomography/computed tomography) and PET/MR (positron
emission tomography/magnetic resonance) in detecting liver metastases.

Methods: The study analyzed data from patients with malignancies who
underwent both conventional total-body PET/CT and liver PET/MR imaging
between June 2020 and December 2020. A total of 20 patients with
confirmed liver metastases were included, 9 of whom also underwent 2-hour
delayed imaging of the liver. Paired t-tests were used to compare the signal-to-
noise ratio (SNR) and tissue-to-background ratio (T/B) between PET/MR and
conventional total-body PET/CT. Wilcoxon non-parametric tests were used to
compare the standardized uptake value maximum (SUVmax) between the two
imaging modalities. The McNemar test was employed to assess diagnostic
performance differences between PET/MR and conventional total-body PET/
CT, as well as between PET/MR and 2-hour delayed total-body PET/CT.

Results: A total of 20 patients with confirmed liver metastases were included,
with 39 suspicious lesions identified, and 27 lesions confirmed as liver metastases
through biopsy or follow-up. The sensitivity of total-body PET/CT was 66.7% (18/
27), while PET/MR had a sensitivity of 96.3% (26/27). The specificity of total-body
PET/CT was 83.3% (10/12), and PET/MR had a specificity of 91.7% (11/12). The
McNemar test revealed a significant difference in diagnostic performance
between the two modalities, with PET/MR outperforming conventional total-
body PET/CT (p=0.016). In 9 patients who underwent 2-hour delayed total-body
PET/CT, 10 suspicious lesions were identified, 8 of which were confirmed as liver
metastases. The sensitivity of delayed total-body PET/CT was 75% (6/8), and PET/
MR had a sensitivity of 87.5% (7/8). Both modalities had a specificity of 50% (1/2).
The McNemar test for delayed imaging showed no statistically significant
difference (p=1). Wilcoxon non-parametric testing showed that the SUVmax of
total-body PET/CT was significantly higher than that of PET/MR (Z=-2.355,
p=0.019). Paired t-tests indicated no significant differences in SNR (t=-1.565,
p=0.156) and T/B ratio (t=-1.689, p=0.115) between the two modalities.
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Conclusion: Total-body PET/CT demonstrated higher detector sensitivity
compared to PET/MR. However, PET/MR showed superior diagnostic
performance for detecting liver metastases. The delayed 2-hour PET/CT
imaging could partially compensate for the lower diagnostic efficiency of
conventional PET/CT compared to PET/MR.

positron emission tomography/computed tomography, magnetic resonance imaging,
liver metastasis, PET-CT, PET-MRI

1 Introduction

The liver is the most common site for metastasis of malignant
tumors, with liver metastases accounting for approximately 25% of
all malignancies (1). The presence of liver metastases in cancer
patients indicates a poor prognosis and a higher mortality risk.
Early detection of liver metastases and intervention are of great
clinical significance. Imaging examinations provide reliable
information for the early screening and therapeutic assessment of
liver metastases. The advent of '®F-fluorodeoxyglucose positron
emission tomography/computed tomography (‘*F-FDG PET/CT)
has been revolutionary, as it provides both anatomical and
metabolic information of lesions. However, conventional PET/
CTemploying non-diagnostic CT and the low soft tissue
resolution of CT itself limit the detection of certain lesions (2).
Total-body PET/CT was known to significantly improve the PET
image quality due to its ultra-high sensitivity.2-hour delayed
imaging, have been explored to enhance PET/CT diagnostic
performance for liver metastases (3, 4). The emergence of PET/
MR, which combines the multi-parametric imaging capabilities of
magnetic resonance imaging (MRI) with the functional imaging of
PET, compensates for the lack of anatomical resolution in PET/CT,
significantly improving soft tissue lesion detection (5, 6). However,
few studies have compared the diagnostic efficacy of conventional
total-body PET/CT with PET/MR, and the differences between
delayed total-body PET/CT and PET/MR in detecting liver
metastases. This study summarizes the imaging characteristics of
total-body PET/CT and PET/MR in 20 patients with liver
metastases and compares their diagnostic efficacy, aiming to
provide valuable clinical insights.

2 Materials and Methods
2.1 General information

The study analyzed data from 20 patients with malignancies
who underwent total-body PET/CT and liver PET/MR at the PET/

CT Center of Henan Provincial People’s Hospital between June
2020 and December 2020. The 20 patients (15 males, 5 females,
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mean age 56.64 + 11.04 years) with 39 suspected lesions were
included. In 39 suspected lesions, a total of 27 liver metastases were
confirmed by biopsy or follow-up (primary tumors:Lung cancer 10
cases, including 7 adenocarcinomas, 2 squamous carcinomas, 1
small cell carcinoma, T1-T2, NO-3, M1 stage (liver metastasis only).
5 cases of colon cancer, selected T1-T3, NO or N1, M1 (liver
metastasis only). Gastric cancer 3 cases, choose T1-T3, NO or N1,
M1 (liver metastasis only). Breast cancer 2 cases, choose T1-T3, NO-
N3, M1 (liver metastasis only)).

2.2 Methods

2.2.1 '8F-FDG total-body PET/CT imaging

The imaging equipment used was the United Imaging
Healthcare uEXPLORER total-body PET/CT scanner. The '*F-
FDG was synthesized using a GE Mini Trace medical cyclotron
(from the USA) and an FDG automatic synthesis device (provided
by Beijing PET Co., Ltd.) with a radiochemical purity of over 95%.
Prior to the examination, patients fasted for more than 6 hours and
blood glucose levels were measured via fingertip blood tests,
ensuring fasting blood glucose levels were controlled below 6.1
mmol/L. Intravenous injection of '*F-FDG was administered at a
dose of 5.55 MBq/kg. After 40 minutes of resting with eyes closed in
a temperature-appropriate environment, standard imaging was
conducted. Nine patients underwent delayed imaging 2 hours
later. The patient’s head was fixed during imaging, and total-body
image acquisition was performed using a CT transmission scan
followed by a PET emission scan. Patients were positioned supine
with their hands behind their heads, breathing calmly, and the head
was scanned first.

The scan range for standard imaging extended from the top of
the skull to the toes (strictly total-body scanning), while for the 2-
hour delayed imaging, the scan focused on the liver. The CT scan
parameters were as follows: for the torso scan, tube voltage was set
to 120 kV, tube current at 150 mAs, pitch of 0.9625, scan field of
view (FOV) was 50.0 cm, reconstruction slice thickness was 3 mm,
interslice spacing was 1.5 mm and the CT reconstruction matrix
was 512x512. The PET acquisition parameters were as follows: data
was collected in 3D mode for 5 minutes per bed position (one bed
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position total), matrix size of 256 x 256, PET reconstruction slice
thickness was 1.443 mm and PET images were reconstructed using
the iterative method. Attenuation correction for the total-body PET
images was performed using attenuation correction parameters
derived from CT.

2.2.2 '8F-FDG PET/MR imaging

The imaging equipment used was the United Imaging
Healthcare uPMR 790 PET/MR scanner. After Total-body PET/
CT, the patients underwent liver PET/MR imaging while their body
positions remained fixed. The scan sequences included both PET
and MR imaging, performed simultaneously. The PET scan
parameters were: resolution of 192x192, FOV of 50 cm, slice
thickness of 2 mm and a total scan time of 25 minutes. The MR
scan parameters were as follows: T1 parameters—slice thickness of
4.5 mm, FOV of 40 cm, repetition time (TR) of 4.28 ms, echo time
(TE) of 1.14 ms; T2 fat-suppressed parameters—slice thickness of
6.0 mm, 28 slices, interslice spacing of 20 mm, FOV of 38 cm, TR of
3105 ms, TE of 90.2 ms; DWI parameters—slice thickness of 6.0
mm, 28 slices, interslice spacing of 20 mm, FOV of 38 cm, TR of
4223 ms, TE of 69.8 ms, DWI (b = 50, 800 s/mm?2).

2.2.3 Data analysis

Two senior nuclear medicine specialists independently analyzed
the PET/CT and PET/MR data. In cases of disagreement, a
consensus was reached through discussion. The following data
were statistically analyzed: Maximum standardized uptake value
(SUVmax) of liver metastases on Total-body PET/CT and PET/MR
scans. Average liver background SUV on Total-body PET/CT and
PET/MR scans (measured across three non-lesional layers, averaged
with standard deviation calculated). Metastatic lesions: 39 lesions in
total, including those detected by both Total-body PET/CT and
PET/MR, those detected by PET/CT but not by PET/MR and those
detected by PET/MR but not by PET/CT. In cases of delayed Total-
body PET/CT imaging (10 lesions), comparison of the number of
metastatic lesions detected by both PET/CT and PET/MR, by PET/
CT but not PET/MR and by PET/MR but not PET/CT. The signal-
to-noise ratio (SNR) for Total-body PET/CT and PET/MR was
calculated as follows: the liver background SUV/standard deviation
was used. The tissue-to-background ratio (T/B) for Total-body
PET/CT and PET/MR was also calculated as the liver metastasis
SUVmax/liver background average SUV.

2.2.4 Statistical analysis

Data were processed using SPSS 23.0 software. Paired sample t-
tests were used to compare the signal-to-noise ratios (SNR) and
tissue-to-background ratios (T/B) between PET/MR and Total-
body PET/CT (as the data conformed to normal distribution).
The Wilcoxon non-parametric test was used to compare SUVmax
between PET/MR and Total-body PET/CT (as the SUVmax data for
PET/MR did not conform to normal distribution, p = 0.002). The
McNemar test was used to compare the diagnostic performance of
Total-body PET/CT and PET/MR, as well as between 2-hour
delayed PET/CT and PET/MR. A p-value of less than 0.05 was
considered statistically significant.
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3 Results

Among the 20 patients with malignant tumors who underwent
both Total-body PET/CT and liver PET/MR imaging, 15 were male
and 5 were female, with an average age of 56.64 + 11.04 years. All of
20 patients had liver metastases and a total of 39 suspected
metastatic liver lesions were identified. Of these, 27 lesions were
confirmed as liver metastases by follow-up or biopsy. The sensitivity
of conventional Total-body PET/CT was 66.7% (18/27), while PET/
MR had a sensitivity of 96.3% (26/27). The specificity of
conventional Total-body PET/CT was 83.3% (10/12), and that of
PET/MR was 91.7% (11/12). McNemar’s test showed significant
difterences between the two methods (n=39, p=0.016). Among the 9
patients who underwent both Total-body PET/CT and 2-hour
delayed imaging, 10 lesions were identified, of which 8 were
confirmed as liver metastases. The sensitivity of delayed Total-
body PET/CT was 75% (6/8), while PET/MR had a sensitivity of
87.5% (7/8). The specificity of both delayed Total-body PET/CT
and PET/MR was 50% (1/2). McNemar’s test for these 8 cases
showed no statistically significant difference (p=1). The SUVmax
values of Total-body PET/CT (8.01 + 5.42) were significantly higher
than those of PET/MR (6.38 + 4.27), with a Z-value of -2.355 and a
p-value of 0.019, indicating statistical significance. The signal-to-
noise ratios (SNR) for Total-body PET/CT and PET/MR were
13.57 £ 9.24 and 19.53 % 9.17, respectively (t=-1.565, p=0.156).
The tissue-to-background ratios (T/B) were 3.25 + 1.58 for Total-
body PET/CT and 3.94 + 1.98 for PET/MR (t=-1.689, p=0.115) with
no statistically significant differences between the two (see Table 1).
Representative images are shown in Figures 1, 2. PET/MR did not
detect one liver metastatic tumor lesion, located in the S7 segment
of the liver, with a diameter of 4 mm, with no increase in FDG and
DWI, and DWI was poorly displayed by respiratory artifacts.

4 Discussion

PET is considered the most sensitive in vivo imaging technology
for studying human physiology, molecular processes and
metabolism. PET/CT imaging has been widely used for
diagnosing and evaluating the prognosis of tumors, inflammation,
and other functional diseases. However, due to the low soft tissue
resolution of PET/CT, its application is somewhat limited in organs

TABLE 1 Comparative of Total-body PET/C and PET/MR in SUVmax,
SNR, T/B and p value.

Whole-Body PET/MR TorZ p
PET/CT
SUVmax = 8.01 + 5.42 513.87.1)* | Z=- p=0.019
2355
SNR 1357 +9.24 1953 t=-1565  p=0.156
+9.17
T/B 325+ 1.58 394+ 198 | t=-1689  p=0.115

*indicates that the data does not conform to the normal distribution, represented by M (P(25),
P(75)), while the remaining data conforms to the normal distribution, represented by mean +
standard deviation. SNR: the signal-to-noise ratio; T/B: tissue-to-background ratio.
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FIGURE 1

Row 1 (A, B, E) shows PET/CT images [(A) is a PET/CT CT image, (B) is a PET/CT fusion image, and (E) is a PET/CT PET image], and the second row
(C, D, F) shows PET/MR images [(C) is a PET/MR MR image, (D) is a PET/MR fusion image, and (F) is a PET/MR PET image]. The CT image of the PET/
CT lesions showed hypointensity with increased metabolism and a SUVmax of 6.4. In PET/MR images, T2WI lesions showed high signal with

increased metabolism and a SUVmax of 3.7.

such as the nervous system, liver, kidneys, and prostate. The Total-
body PET/CT is a new imaging device developed by United Imaging
in China, which significantly improves the sensitivity of the PET
detector, partially addressing the limitations of conventional PET/
CT in terms of CT anatomical resolution.

FIGURE 2

PET/MR is an integrated imaging diagnostic device that
combines positron emission tomography (PET) and magnetic
resonance imaging (MRI), representing the forefront of functional
and molecular imaging technology. PET/MR has the combined
capabilities of both PET and MR, providing complementary

(A, B) are conventional PET/CT scan images [(A) is the CT image, (B) is the fusion imagel, (C, D) are PET/CT 2-hour delayed scan images [(C) is the
CT image, (D) is the fusion imagel, and E and F are PET/MR images [(E) is the T2WI image, (F) is the fusion image]. The PET/CT lesion in the CT
image shows isodensity, with no significant metabolic activity in the conventional scan. In the delayed scan, mild metabolic activity is seen,
approaching the liver parenchyma, SUVmax 4.5. In the PET/MR image, the T2WI lesion shows high signal with mild metabolic activity, SUVmax 4.0
PET/MR provided a clearer diagnosis compared to PET/CT, and the PET/CT 2-hour delayed imaging offered a clearer diagnosis compared to

conventional imaging.
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advantages. Compared to CT, MR offers better soft tissue contrast,
making it particularly suitable for detecting primary tumors and
metastases in the nervous system, breast, liver, and other soft
tissues. Many scholars, both domestically and internationally,
believe that PET/MR has a significant advantage over
conventional PET/CT in diagnosing liver metastases (7).
Meanwhile, during the widespread use of PET/CT, researchers
suggested that the metabolic peak of malignant tumors occurs
approximately 2 hours after injection, making delayed imaging a
potential method for improving diagnostic accuracy. Both Total-
body PET/CT, 2-hour delayed PET/CT and PET/MR can increase
lesion detection rates and assist in clinical diagnosis and treatment.
However, there have been no reports comparing the diagnostic
efficacy of these three modalities. This study aimed to compare the
diagnostic performance of PET/MR with that of Total-body PET/
CT and 2-hour delayed PET/CT in detecting liver metastases,
providing guidance for clinical applications.

This study found that the SUVmax values for Total-body PET/
CT were significantly higher than those for PET/MR. However,
there were no statistically significant differences in the signal-to-
noise ratio (SNR) or tissue-to-background ratio (T/B) between
Total-body PET/CT and PET/MR. This result contradicts
previous studies that reported higher SNR and T/B values for
PET/MR (8-10). The higher SUVmax values for Total-body PET/
CT suggest that Total-body PET/CT has higher system sensitivity,
which refers to the ability of the detector to obtain counts under the
same conditions. Its physical definition is the number of
coincidence counts obtained per unit time and per unit radiation
dose. A PET detector with higher sensitivity requires less time or a
lower tracer activity to acquire an image of the same quality. Some
researchers have pointed out that there are two ways to improve
system sensitivity: increasing the axial field of view and improving
time resolution (11). The axial field of view of the Total-body PET/
CT by United Imaging is 2 meters, and with a data acquisition time
of 5 minutes per bed position, it significantly enhances time
resolution, leading to a substantial improvement in system
resolution. This may explain why the SUVmax values of the same
lesions are higher on Total-body PET/CT than on PET/MR. As
system resolution improves, SNR and T/B ratios also increase,
narrowing the differences between PET/CT and PET/MR. This
could explain why, contrary to previous reports, there were no
statistically significant differences between PET/CT and PET/MR in
terms of SNR and T/B in this study.

Among the 39 suspected liver metastases, 27 lesions were
confirmed as liver metastases by follow-up or biopsy. The
sensitivity of Total-body PET/CT was 66.7% (18/27), and PET/
MR had a sensitivity of 96.3% (26/27). The specificity of Total-body
PET/CT was 83.3% (10/12), while PET/MR had a specificity of
91.7% (11/12). The results of the paired ? test showed a statistically
significant difference, indicating that PET/MR was able to detect
more liver metastases, which is consistent with previous reports (7,
12-15). Upon retrospective analysis of cases where Total-body
PET/CT missed lesions that were detected by PET/MR, it was
found that the high system resolution of Total-body PET/CT
increased the SUV values of normal liver tissue, making the
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lesion metabolism slightly higher than the surrounding tissue,
leading to the lesion being easily overlooked visually and thus
reducing specificity. PET/MR, with its advantage of combining
multi-parametric imaging with metabolic imaging (lesions show
long T1-weighted and T2-weighted signals, with restricted diffusion
in DWI), greatly improved diagnostic efficiency. In summary, the
results of this study demonstrate that PET/MR is superior to Total-
body PET/CT in diagnosing liver metastases, particularly in lesion
detection rates. This is closely related to the multi-parametric
imaging capability of MR, while the Total-body PET/CT shows
obvious optimization in terms of improved system resolution,
compensating to some extent for the low soft tissue resolution of
CT. The significant improvement in diagnostic efficiency by PET/
MR is primarily attributed to its superior soft tissue resolution.

One case of liver metastases in our study that was not detected
by PET/CT and PET/MR was found in our follow-up, which may be
related to the small lesion or the location of a specific site, and the
pathological type of the primary tumor may also have an impact on
the secondary disease. Smaller liver metastases sometimes lack
specificity on anatomical imaging, whereas in functional imaging,
the lesion is sometimes isometabolic or hypometabolic due to the
activity of the hepatic radiotracer or partial volumetric effects,
which may lead to misdiagnosis (16), which also suggests that the
larger the lesion, the higher the diagnostic power of PET/CT or
PET/MR. Therefore, although PET/MR improves diagnostic
efficacy, false negatives may still occur when the lesions are small.
Although the diagnostic performance of PET/CT or PET/MR is
related to the size of liver metastases, the diagnostic performance of
liver metastases varies among different types of tumors. Brendle
et al. reported PET/MR (MR/DWI/PET) without contrast
enhancement showed a relatively lower sensitivity (71%),
specificity (80%), as well as diagnostic accuracy (74%) for liver
metastases in colorectal cancer. This was mainly because the data
contained a relatively high percentage of mucinous tumors, which
are known to be challenging for both DWI and PET evaluation
(17).For the same type of tumor, the metabolic pattern of liver
metastases may also be different, gastrointestinal stromal tumor
(GIST) liver have different metabolic patterns (16).Through the
above discussion, the diagnostic efficiency of liver metastases is
affected by many factors, and the imaging characteristics of liver
metastases of different types and stages of tumors should be
explored in future experimental design.

Among the 9 patients who underwent both Total-body PET/CT
and 2-hour delayed imaging, a total of 10 lesions were identified, 8
of which were confirmed as liver metastases. The sensitivity of
delayed Total-body PET/CT was 75% (6/8), while PET/MR had a
sensitivity of 87.5% (7/8). The specificity of both delayed Total-body
PET/CT and PET/MR was 50% (1/2). McNemar’s test indicated no
statistically significant difference between these two methods.
Previous studies have generally shown that 2-hour delayed
imaging can detect more primary and metastatic malignant
lesions compared to conventional imaging. In this study, when
comparing 2-hour delayed imaging with PET/MR, no statistically
significant difference in diagnostic efficacy was found. This suggests
that when PET/MR is not available in clinical practice, 2-hour
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delayed imaging can improve the diagnostic performance of PET/
CT for malignant tumors. However, since the number of cases
undergoing both 2-hour delayed imaging and PET/MR in this study
was small, the sample size is relatively limited. Future studies should
aim to increase the sample size to reduce experimental bias.

These findings also suggest that the conventional '*F-FDG
metabolic tracer may not have significant imaging advantages for
liver tumors (especially primary liver cancer and some metastases).
In some well-differentiated primary liver cancers, tumor cells
contain abundant glucose-6-phosphatase, which can
dephosphorylate '*F-FDG-6-phosphate, converting it back to '®F-
FDG, which is then transported out of the cells, making the tumor
cells’ metabolism comparable to that of surrounding normal liver
tissue. Despite the significant improvement in system resolution
with Total-body PET/CT, this inherent limitation of the tracer itself
also leads to false negatives (nine false-negative cases in this study).
The new tracer 'C-acetate, involved in lipid metabolism, can reflect
the biological behavior of tumors from another perspective.
Domestic and international studies (18)have found that well-
differentiated primary liver cancer has a high uptake of ''C-
acetate. Therefore, new tracers, as important supplements to '*F-
FDG, will significantly reduce false-negative results.

This study found the following: First, Total-body PET/CT
improves system resolution and time resolution by increasing the
axial field of view of PET/CT, thus enhancing the signal-to-noise
ratio (SNR) and tissue-to-background ratio (T/B). This
compensates for the limited soft tissue resolution of CT, but PET/
MR still outperforms Total-body PET/CT in lesion detection rates
due to its multiparametric, functional, metabolic, and anatomical
imaging capabilities, as well as its superior soft tissue resolution.
Second, although PET/MR significantly improves diagnostic
performance for liver metastases, its high cost and low availability
have limited its clinical use. In certain cases, 2-hour delayed Total-
body PET/CT can compensate for the limitations of PET/CT and
improve diagnostic accuracy for liver metastases.

The limitations of this study include: First, the sample size was
relatively small, which may have introduced bias. Future research
should focus on accumulating more cases and conducting large-
scale prospective studies. Second, there are considerable anatomical
and metabolic differences among liver metastases from various
primary tumors. Future studies should expand the sample size
and conduct subgroup analyses of different tumors using Total-
body PET/CT and PET/MR. Third, PET/MR offers multiparametric
imaging, particularly semi-quantitative parameters like DWI, SWI,
and PWI. Future research should explore the correlation between
these parameters and PET metabolic data to obtain more valuable
diagnostic results (19, 20).

Currently, there is increasing interest in the application of
imaging technologies for evaluating treatment response in tumors
(21). The roles of PET/CT and PET/MR in assessing treatment
efficacy in lymphoma are irreplaceable and future studies should
focus on comparing the efficacy and prognosis of Total-body PET/
CT and PET/MR in liver tumors (22, 23). Since '®F-FDG has
limited utility as a metabolic tracer for liver tumors (especially
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primary liver cancer), and other malignant liver tumors have been
relatively under-explored in imaging research (24), future research
should focus on multiprobe, multi-histological imaging (25). We
look forward to more optimized diagnostic methods and more
clinical research to provide better opportunities for the early
detection of liver metastases and to improve patient outcomes.
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