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Background: Positron Emission Tomography-magnetic resonance (PET-MR) has the advantage of high contrast and has a high
potential for diagnosing bone metastases in prostate cancer (PC). This study assesses the effectiveness of PET-MR imaging for
detecting bone metastasis in PC.

Methods: A total of 212 prostate cancer patients admitted to our hospital from June 2021 to June 2024 were selected, all of whom
were diagnosed with prostate cancer through pathological puncture. According to the most valuable comparative method (BVC),
patients were divided into a bone metastasis group (n=40) and a non-bone metastasis group (n=172). General information such as age
was collected and compared between the two groups of patients. PET-MR examination was performed on all patients, and the number
of lesions was recorded (a total of 95 bone metastases were detected). Among them, BVC confirmed 58 metastatic lesions (due to the
presence of multiple site metastases in some patients). The Gleason score, SUV ., and ADC,,;, levels were compared between
groups. ROC curve analysis determined the AUC, sensitivity, and specificity. Multivariate Logistic regression identified influencing
factors.

Results: Among patients with bone metastases, 38 patients with positive PET-MR (95.00%) and 169 patients with non-bone
metastases (79.72%) were PET-MR negative. The sensitivity of PET-MR in diagnosing prostate cancer bone metastasis was
95.00% (95% CI: 83.5% - 99.4%), the specificity was 79.72% (95% CI: 73.1% - 85.3%), the positive predictive value was 92.68%
(95% CI: 80.1% - 98.4%), and the negative predictive value was 98.83% (95% CI: 95.8% - 99.9%). The proportion of PET-MR
diagnosed prostate cancer bone metastases with pelvic, spinal, extremity, rib, and scapular lesions were 31.03%, 44.83%, 8.62%,
3.45%, and 87.93%, respectively. Compared with the non-metastatic group, the proportion of patients with Gleason score > 9, the
proportion of tPSA > 100 ng/mL, ALP level and SUV,,,, and SUV,,,,,/ADC ,,;, levels were significantly higher in the metastatic group.
ADC,,, levels were significantly lower, and the differences were statistically significant (P < 0.05). Factors such as PET-MR
positivity, Gleason score >9, tPSA >100 ng/mL, ALP level, SUV j.x, ADCpin and SUV ., /ADC,,;, Were significant risk factors for
bone metastasis (P<0.05). The AUC of SUV 1ax, ADCpin and SUV,,,,./ADC i, in the diagnosis of bone metastasis of prostate cancer
were 0.756, 0.777 and 0.864, respectively. SUV ., ADCpi, and SUV . /ADC,,;;, were abnormally expressed in bone metastases of
PC by PET-MR examination.

Conclusion: SUV .., ADCpipn, and SUV ., /ADC i, are significantly abnormally expressed in patients with prostate cancer bone
metastases during PET-MR examination. The sensitivity and specificity of PET-MR in diagnosing prostate cancer bone metastasis are
95.00% and 79.72%, respectively. Among them, the SUV,,,,,/ADC y;, ratio has the best diagnostic efficacy (AUC = 0.864, sensitivity
76.74%, specificity 82.50%). PET-MR has certain value in the diagnosis of prostate cancer bone metastasis and can be used as
a reference indicator for clinical auxiliary evaluation.

Keywords: PET-MR, prostate cancer, bone metastasis, clinical value

Background

Prostate cancer (PC) refers to the malignant tumor occurring in the prostate epithelium, which is caused by the
canceration of the epithelial cells of the Prostate to form a mass. PC is a male malignant tumor with a high incidence
worldwide, accounting for the first incidence of male malignant tumor in the world and the second mortality rate.'* At
present, the prevalence of PC in China is lower than that in western countries. However, with the aggravation of

population aging and changes in eating and living habits in recent years, the number of PCa patients in China has
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increased year by year, and it has become one of the common diseases that threaten the normal life of men. The
metastasis rate of PC is high, and cancer metastasis is the main cause of death in advanced PC. Bone is the main site of
PC metastases. After bone metastases, patients may experience skeletal events such as pain, pathological fractures, and
bone compression, which also seriously affect the prognosis of patients. Recent studies have found that the 1-year and 5-
year survival rates of PC patients without bone metastases are 87% and 56%, respectively, while the 1-year and 5-year
survival rates are only 47% and 3% in PC patients with bone metastases. Early diagnosis of PC bone metastases and
effective intervention can greatly improve the quality of life of patients and reduce the suffering of patients.**

Electron emission tomography (Positron Emission Tomography, PET) is a non-invasive imaging method. It can
reflect the metabolic activity of lesions and has obvious advantages in monitoring early malignant lesions and recurrent
and metastatic lesions, but it has certain limitations in displaying tissue anatomy when the spatial resolution is low.
Magnetic resonance (MR) has more advantages in the imaging of soft tissue, and can detect early lesions before they
appear osteogenic burning shadows. With the rapid development of imaging technology in recent years, PET-MR has
been gradually applied in clinical practice. PET-MR integrates the human physiological metabolism and molecular
information provided by PET, and the anatomical and morphological information provided by MR. It has the advantage
of high contrast and has a high potential for diagnosing bone metastases in PC.**

In this study, 212 patients with PC who were treated in our hospital from June 2021 to June 2024 were selected as the
observation objects. The purpose of this study was to analyze the evaluation value of PET-MR in bone metastasis of PC.

Materials and Methods

General Information

A total of 212 PC patients admitted to our hospital from June 2021 to June 2024 were selected. Inclusion criteria: (1) All
patients met the relevant diagnostic criteria for PC in the European Society of Urogenital Radiology.® All patients were
diagnosed as PC by pathological puncture, and the tumor was visible and clearly displayed. (2) PET-MR examination
was performed before the pathological puncture, and the image data was intact and the image quality was good. (3) No
related operations such as surgical resection, chemotherapy, radiotherapy, etc. (4) The patients and their families were
informed, had good compliance, and could cooperate with the examination and treatment. All signed the informed
consent.

Exclusion criteria: (1) The patient has previously received treatment related to prostate cancer (including surgery,
radiotherapy, chemotherapy, endocrine therapy, etc). The treatment history has been confirmed through medical records
and the patient’s own account. (2) Patients with other malignant tumors. (3) Patients with severe dysfunction of vital
organs. (4) Incomplete clinical data of the patient, or poor image quality. (5) Existing bone-related diseases in the past.
(6) The patients were hospitalized with severe systemic infection. To control for confounding factors, this study ensured
the homogeneity of the study population through strict inclusion and exclusion criteria. All patients were newly
diagnosed and untreated prostate cancer patients, and those with previous treatments or related diseases that might affect
the imaging manifestations were excluded.

Based on the Best Valid Comparator (BVC) method, the patients were divided into the bone metastasis group (n=40)
and the non-bone metastasis group (n=172). The BVC was defined as a composite reference standard, and the specific
criteria for determination were as follows: (1) The pathological examination of bone biopsy revealed cancer cells (a total
of 12 patients underwent CT-guided bone puncture biopsy due to suspected lesions. The biopsy sites included the spine,
pelvis, etc. The pathological report indicated that that cancer cell infiltration was judged as bone metastasis). (2)
A comprehensive judgment was made based on the combined assessment of imaging follow-up and clinical data in
case of no pathological results. The requirements for imaging follow-up were as follows: a whole-body bone imaging or
the same site CT/MRI was conducted at six months (£2 weeks) after the PET-MR examination. If any of the following
progression manifestations occur in the original suspicious lesion - an expansion of bone destruction area, new osteolytic
or osteoblastic lesions, a significant increase in the radioactive nuclide concentration compared to before (a visual score

increase of > 2 levels), or the appearance of new bone metastases - it was determined as bone metastasis.
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Figure | Flowchart of general data selection.

Clinical comprehensive judgment criteria: at least two of the following three conditions were met simultaneously: (a)
Pain symptoms consistent with the site of bone metastasis (visual analogue score > 4 points and excluding other causes);
(b) Serum alkaline phosphatase (ALP) level exceeds the upper limit of normal by 1.5 times, and there was no other
explanation such as liver or gallbladder diseases; (c) Prostate-specific antigen (PSA) was increased by > 25% compared
to the previous value and the absolute value was > 2 ng/mL (in line with the definition of prostate cancer progression).

Judgment process: Two senior physicians (one from the nuclear medicine department and the other from the
orthopedics department, with over 10 years of experience each) independently evaluated all patients’ pathological,
imaging follow-up, and clinical data without knowing the PET-MR results. They compared and determined whether each
case was a bone metastasis according to the above standards item by item. They reached a consensus through negotiation
when the opinions were not in agreement. The final decision was made by the third chief physician (radiology
department, with over 15 years of experience in diagnosing bone tumors through imaging). After confirmation by
BVC, there were a total of 58 metastatic lesions in 40 patients with bone metastasis (some patients had multiple
metastases, with an average of 1.45 metastatic lesions per patient), and no clear signs of bone metastasis were observed
in 172 patients without bone metastasis.

General data selection was displayed in Figure 1. Initially, a total of 256 prostate cancer patients were screened, of
which 44 were excluded (including 12 who had received previous treatment, 18 with incomplete imaging data, 8 with
other malignant tumors, and 6 who refused to participate), and ultimately 212 were included.

Methods

All patients were examined by PET-MR with Siemens Biograph mMR PET-MR integrated machine in Germany. This
device integrated a 3.0 T superconducting MR scanner with a PET detection system according to the protocol. The PET
imaging used the tracer '*F-FDG (fluorodeoxyglucose), with a radiochemical purity of over 95%. The dose was
administered at 3.7 MBg/kg via the elbow vein, and collection was made at 60 minutes after injection. During this
period, speaking, chewing, and vigorous activities were avoided to minimize physiological uptake. The patient fasted for
4 hours before the examination, rested quietly for 10 minutes, and took a supine position after emptying the bladder.
Whole body PET-MR imaging scans were performed, including four segments of head and neck, chest, abdomen and
pelvis, followed by T2WI and DWI examinations. The MR scanning sequences including: coronal TIWI, DWI (b values
=0, 800, 1000 s/mm?), fat-suppression T2WI imaging of the pelvis and vertebral bodies, and contrast-enhanced scan.
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Table | PET-MR Examination of Sequences and Related Parameters

TE(ms) | TR(ms) | Layer Matrix Fov(mm*mm) | Layers
Thickness (mm)
Coronal TIWI 7.8 700 3 158x256 | 500%344 70
Dwi 68 7500 5 176x176 | 430%347 45
Vertebral body TIWI 8.7 700 35 269%385 | 300%300 I5
Vertebral body T2WI fat suppression imaging | 82 3000 35 224%320 | 300x300 15
Pelvic cavity T2Wlvibe 2.46 5.9 3.0 1.65%288 | 300%245 60
Pelvic cavity T2WI fat suppression imaging 118 3480 4.0 256x256 | 350%350 40
Prostate DWI 8l 5300 4.0 140x140 | 280%224 24
Pelvic transverse enhancement 1.51 3.77 4 200%352 | 300%245 60
Pelvic sagittal enhancement 1.92 4.12 3 240x320 | 300x300 56
Abdominal coronal enhancement 1.35 420 1.5 234%320 150%356 120
Chest transverse enhancement 1.40 3.77 3 175%352 | 400%284 120

The collection was performed using the 3D List mode. The collection time was 3 minutes per bed, and a total of 67 beds
were collected (covering from the head to the middle section of the thighs). The image reconstruction used the OSEM
algorithm (3 iterations, 172x172 matrix, 21 subsets).

Using Siemens Syngo True D workstation to fuse PET and ADC images. Then, regions of Interest (ROI) were
selected, and the maximum standard uptake values for localized prostate lesions (SUV ) and the minimum apparent
diffusion coefficient of the prostate (Apparent diffusion coefficient min, ADC min) were calculated. Calculate the
SUV max/ ADC iy ratio. See Table 1 for detailed parameters.

Precautions: diabetic patients need to control blood glucose < 11.1 mmol/L before examination. After the injection of
the tracer, patients were advised to drink plenty of water and urinate frequently to minimize the interference of bladder
radioactivity on pelvic images.

Image interpretation was independently conducted by two nuclear medicine physicians, both of whom were unaware
of the BVC results and clinical data (including pathology and laboratory tests). In case of inconsistent interpretations,
consensus was reached through consultation. The final decision was made by the third senior physician (chief physician)
when there was still inconsistency. The Kappa coefficient was used to assess the inter-observer consistency in the
judgment of PET-MR positive/negative, with a Kappa value of 0.86 (95% CI: 0.79-0.93). The intraclass correlation
coefficient (ICC) was used to evaluate the consistency of continuous variable measurements such as SUV,,,, and
ADCin, with an ICC value of 0.91 (95% CI: 0.86-0.94).

Observation Indicators

(1) Collect the fasting venous blood of the patients in the morning, and use an automatic biochemical analyzer to
detect the levels of total prostate-specific antigen (t-PSA), alkaline phosphatase (ALP), and hemoglobin (Hb). All
operations were carried out in accordance with the instructions.

(2) Gleason score: Two deputy chief physicians from the pathology department performed Gleason scores on the HE-
stained specimens of histopathological sections of all patients. Due to the morphological heterogeneity of prostate
cancer, multiple histological structures were common in the same specimen, therefore, the Gleason score (2—10)
was calculated from the sum of the primary tissue score (1-5) and the secondary tissue score (1-5). The score was
negotiated when the two physicians have any dispute over the results.

Statistical Methods

SPSS 20.0 software was used to analyze the experimental data. The measurement data such as age, BMI value, SUV .,
ADCin, SUV nax/ADC i Were expressed as (x+s). The comparison between the two groups was performed using an
independent sample ¢ test. The indicators that did not conform to the normal distribution were expressed as [median
(interquartile range)], and the rank sum test was taken to compare the differences between groups. Gleason score, PET-
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MR positive, PET-MR negative and other count data were expressed as frequency or percentage. Comparisons between
groups were performed using the % test or Fisher’s exact test. Multivariate logistic regression was applied to analyze the
influencing factors of PC bone metastasis. All diagnostic efficacy indicators (AUC, sensitivity, specificity) were
calculated with 95% confidence intervals. Results were considered statistically significant at P < 0.05.

Results

Analysis of PET-MR in the Diagnosis of PC Bone Metastases

Among the patients with bone metastases, 38 patients were PET-MR positive, accounting for 95.00%. Besides, among
the non-bone metastases, 169 patients were PET-MR negative, accounting for 79.72% (Table 2). The sensitivity of PET-
MR in diagnosing bone metastasis of prostate cancer was 95.00% (95% CI: 83.5-99.4%), the specificity was 79.72%
(95% CI: 73.1-85.3%), the positive predictive value was 92.68% (38/41), and the negative predictive value was 98.83%
(169/171, Table 2).

Analysis of Detected Lesions in PET-MR Diagnosis of PC Bone Metastases

Among the 40 patients with bone metastasis, 18 cases (45.00%) had multiple site metastases. 58 bone metastases were
detected by BVC. The proportions of pelvis, spine, limbs, ribs, and scapula lesions diagnosed by PET-MR were 31.03%,
44.83%, 8.62%, 3.45%, and 87.93%, respectively, accounting for 87.93% in total. The difference between the two
inspection methods was observable (P<0.05). Among them, spinal metastasis was the most common, followed by pelvic
metastasis (Table 3).

Table 2 Analysis of PET-MR in Diagnosis of PC Bone Metastases (Cases, %)

Diagnosis BVC Positive BVC Total
Negative

PET-MR positive 38 (17.92) 3(1.42) 41 (19.34)

PET-MR negative 2 (0.94) 169 (79.72) | 171 (80.66)

Total 40 (18.87) 172 (81.13) | 212 (100.00)

Diagnostic efficacy Predictive value (%) | 95% confidence

interval (%)

Sensitivity 95.00 83.5-99.4
Specificity 79.72 73.1-85.3
Positive predictive value 92.68 —

Negative predictive value | 98.83 —

Note: This table represented the diagnostic efficacy analysis at the patient level. The Sensitivity,
Specificity, Positive predictive value, and Negative predictive value wee all calculated based on the
number of patient cases.

Table 3 Analysis of Lesions Detected by PET-MR in Diagnosis of PC Bone Metastases
(Cases, %)

Inspection Method | Pelvis Spine Limbs Ribs, Scapula | Total
PET-MR 18(31.03) | 26(44.83) | 5(8.62) 2(3.45) 51(87.93)
BvC 18(31.02) | 28(48.28) | 10(17.24) | 2(3.45) 58(100.00)
Ve 7.450

P 0.006

Note: This table compared the detection rates of lesions at different levels. The total percentage refers to the
proportion of the lesions detected by PET-MR among the total lesions confirmed by BVC.
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Table 4 Value of PET-MR in the Diagnosis of PC Bone

Metastases
Indicators | AUC | 95% CI Sensitivity | Specificity
PET-MR 0.851 | 0.801-0.853 | 95.00% 79.72%

Note: Patient-level analysis.

The Value of PET-MR in the Diagnosis of PC Bone Metastasis

ROC curve analysis exhibited that the AUC of PET-MR in the diagnosis of PC bone metastases was 0.851, the sensitivity
was 95.00%, and the specificity was 79.72% (Table 4 and Figure 2).

Univariate Analysis of the Influencing Factors of PC Bone Metastasis

Compared with the non-metastatic group, the proportion of Gleason score>9 points (62.50% vs. 30.81%), the proportion
of tPSA>100 ng/mL (92.50% vs. 56.98%), the ALP level (236.15 (98.56-349.86) U/L vs. 78.50 (53.56-125.33) U/L),
SUV nax (6.89£0.38 vs. 5.86+£0.51), SUV ,ax/ADC i, level (14.06+1.63 vs. 8.7542.05) of the patients in the metastatic
group were evidently increased, and the ADC,y;, level ((0.49+0.12 vs. 0.67+0.08)x10 > mm?/s) was strongly decreased.
The differences were memorably significant (P <0.05, Table 5).

Multivariate Logistic Regression Analysis

The 7 factors with statistical significance in the univariate analysis were subjected to multivariate logistic regression
analysis. The results demonstrated that the PET-MR positive, proportion of Gleason score>9 points, the proportion of
tPSA>100 ng/mL, ALP level, SUVmax and SUVmax/ADCmin and ADC,,;, value were the main risk factors affecting
PC bone metastasis (P < 0.05, Table 6).

ROC Curve Analysis

The results of the ROC curve analysis showed that the optimal cutoff value for SUV,,,,« in diagnosing bone metastasis of
prostate cancer was 6.25, with an AUC of 0.756 (95% CI: 0.667-0.826), a sensitivity of 77.91%, and a specificity of
67.50%. The optimal cutoff value for ADC,y;, was 0.58x10° mm?/s, with an AUC of 0.777 (95% CI: 0.690-0.864),

1.0

0.8

1
o
1

Sensitivity

0.4

0.0~ T T T
0.0 02 04 06 08 10

1 - Specificity

Figure 2 ROC curve of PET-MR in the diagnosis of bone metastases from PC patients (at the patient level).
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Table 5 Comparison of Clinical Data and PET-MR Indexes Between the Two Groups of Patients (x+s)

Indicators Metastasis Non-Metastasis tly? P
Group (n=40) Group (n=172)
Age 67.52+10.23 68.02+11.08 0.260 0.794
Gleason score <7 11(27.50) 59(34.30) 15.967 <0.001
7~9 4(10.00) 60(34.88)
>9 25(62.50) 53(30.81)
BMI (kg/m?) 23.65+2.45 24.01+2.38 0.857 0.392
IPSS score 17.21+8.12 17.19£6.13 0.017 0.986
Prostate volume 68.12+45.89 65.52+40.81 0.354 0.723
tPSA (ng/mL) <10 1(2.50) 37(21.51) 17.785 <0.001
10~100 2(5.00) 37(21.51)
>100 37(92.50) 98(56.98)
ALP (U/L) 236.15(98.56-349.86) 78.50(53.56—-125.33) —3.856 <0.001
Hb (g/L) 115.65+22.74 120.25£19.28 1.312 0.191
SUV max 6.89+0.38 5.86+0.51 12.012 <0.001
ADC i (1072 mm?/s) 0.49£0.12 0.67+0.08 11.547 <0.001
SUV 11ax/ADC i 14.06+1.63 8.75+2.05 15.287 <0.001

Note: Quantitative data were presented as (X & s), while data with skewed distribution were expressed as median (interquartile range).

Table 6 Results of Multivariate Logistic Regression Analysis

Factors SE p Wald value | P OR 95% CI

PET-MR positive 0.552 0.186 | 8.807 0.001 | 3.565 | 1.538~8.260
Gleason score > 9 | 0.035 0.008 | 4.751 0.001 | 1.258 | 1.011~2.458
Tpsa > 100 ng/mL | 3.526 1.741 | 4.041 0.022 | 3.952 | 1.097~8.256
ALP 1.949 0.831 | 5252 0.019 | 7.025 | 1.352~9.256
SUvmax 0.252 0.119 | 4758 0.016 | 1.315 | 1.029~1.524
SUV max/ADC in 0.182 0.061 | 6.522 0.001 | 1.215 | 1.489~2.395
ADC,in —0.872 | 0.202 | 13.591 0.001 | 0.438 | 0.115~0.826

Table 7 ROC Curve Analysis

Indicators AUC | 95% CI Sensitivity | Specificity
SUV max 0.756 | 0.667-0.826 | 77.91 67.50
ADC i, 0.777 | 0.690-0.864 | 68.02 77.50
SUVax/ADC i | 0.864 | 0.810-0.918 | 76.74 82.50

Note: Patient-level analysis.
Abbreviation: AUC, Area Under the Curve.

a sensitivity of 68.02%, and a specificity of 77.50%. The optimal cutoff value for SUV ,,,,/ADC,,;, was 11.35, with an
AUC of 0.864 (95% CI: 0.810-0.918), a sensitivity of 76.74%, and a specificity of 82.50% (Table 7 and Figure 3).

Discussion

PC is the male malignant tumor with the highest clinical incidence. It has the characteristics of high metastasis rate and
high mortality rate. With the change of work style and the aggravation of population aging in recent years, the number of
patients with PC is increasing year by year. PC not only brings inconvenience and great pain to patients, but also
consumes medical resources.”* Therefore, how to reduce the incidence of PC and improve the prognosis of PC patients
has become the focus of medical scholars all over the world.
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Figure 3 ROC curve analysis of SUV ., SUV 0, /ADC i and ADC,;;, in the diagnosis of bone metastases from PC patients (at the patient level).

The early symptoms of PC are not obvious, most patients are already in the middle and late stages when they are
diagnosed, and they are often accompanied by bone metastases.” Previous statistics showed that metastatic and invasive
PC patients who survived for 5 years accounted for only 25% of all PC patients. Early diagnosis of PC, tumor staging,
metastasis prediction, and targeted intervention are beneficial to improve the cure rate, and are of great significance in
prolonging the life of patients and improving the quality of life of patients. At present, the methods of clinical diagnosis
of bone metastases include ultrasound-guided needle biopsy, bone ECT, MEI, single photon emission computed
tomography, and PET-MR, etc.'®!" However, ultrasound-guided puncture biopsy is a puncture examination, which is
invasive and causes certain damage to the patient’s body. Bone ECT is the main method for the traditional diagnosis of
bone metastases in PC patients with high sensitivity, but its specificity is poor. MRI requires multiple examinations and
can accurately evaluate various parts of the body, which not only consumes a long time, but also has high detection costs.
Multiple imaging examinations also cause greater radiation damage to patients.'” Single-photon emission computed
tomography is more susceptible to the influence of the body itself. The tissue degeneration and inflammatory response
can also affect the inspection results.'*"'* PET-MR is an emerging imaging technology that can scan directly from the
head to the middle of the thigh, with a wide scanning range. A single examination can effectively evaluate and predict the
metastatic lesions, and the radiation damage is small. At the same time, PET-MR can also accurately provide information
on the morphology and function of lesions, which is helpful for the diagnosis of PCa bone metastases and the guidance of
treatment plans.'>'® In this study, compared with the non-metastatic group, the proportion of Gleason score>9 points,
SUV nax and SUV,,.,,/ADC,,;in levels in the metastatic group were notably elevated, and the ADC,,;, level was markedly
decreased. These results suggest that SUV .., ADCin, and SUV ,../ADC,.,;, are significantly abnormally expressed in
PC bone metastases detected by PET-MR, which were similar to the results of Wilk’s study. They pointed out that
SUVmax value can well differentiate PC from BPH, which can improve the sensitivity and specificity of PC bone
metastases diagnosis.'” The reason may be related to the large number of tumor tissue cells, high density, obvious
glucose metabolism, and limited diffusion of water molecules in PC complicated with bone metastases.

PC has a high probability of bone metastasis, and bone metastasis is the main cause of death in PC patients. Early
identification of whether PC complicated with bone metastasis is of great significance for effective targeted therapy and
improvement of patient prognosis.'® In this study, 95.00% of patients with bone metastases were positive by PET-MR,
and 79.72% of patients without bone metastases were negative by PET-MR. 87.93% of PC bone metastases were
diagnosed by PET-MR. Among them, the detection of scapula lesions accounted for the highest proportion, accounting
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for 87.93%. It is suggested that PET-MR examination has good potential in diagnosing bone metastases and bone
metastases in PC patients. However, Buckup et al® believed that PC bone metastases mostly occurred in the spine and
pelvis, and then gradually transferred to other bone tissues throughout the body. Therefore, we speculate that scapula
lesions are often accompanied by metastases to the spine and/or pelvis. PC is a kind of osteophilic tumor. 30% of patients
have bone metastases at the time of treatment, and the early symptoms are not typical. Therefore, identify the presence or
absence of bone metastases at early time has become the focus of andrology medical staff. This study found that the
proportion of Gleason score >9 points, the proportion of tPSA >100 ng/mL, ALP level, SUV ax, SUV 0/ ADC i, Were
the risk factors for bone metastasis of PC. These findings suggest PET-MR examination has certain clinical value in
diagnosing bone metastasis of PC, which can help doctors in early diagnosis and give targeted treatment, and is helpful in
improving the prognosis of patients and prolonging the life of patients.

In this study, the average SUV,,,,x value of the metastasis group was 6.89 = 0.38, the average ADC,;, value was 0.49
+0.12 x 10~ mm?s, and the average SUV,,/ADCpin, value was 14.06 + 1.63. ROC analysis showed that the AUC of
SUV max/ADC i, for diagnosing bone metastasis was 0.864, the optimal cut-off value was 11.35, the sensitivity was
76.74%, and the specificity was 82.50%. Compared with previous studies, the prospective study conducted by Zacho
et al'” showed that the AUC of DWI-MRI for diagnosing bone metastasis of prostate cancer was 0.59—0.62, which was
lower than the AUC of ADC,;, in this study (0.777). The difference might be related to the selection of b value (in this
study, b = 600 s/mm?), field strength, and patient population (biochemical recurrence vs. initial diagnosis). Liu et al*’
conducted a network Meta-analysis involving 45 studies, and the results showed that the sensitivity and specificity of
3.0T high-quality MRI in diagnosing bone metastasis of prostate cancer at the patient level were both 0.94, which was
close to the efficacy of PSMA PET/CT, supporting the good diagnostic value of the quantitative parameters of PET-MR
in this study (especially the AUC of the ratio of SUV,,,,/ADC,i» = 0.864). The above results indicated that the
quantitative parameters of PET-MR had good consistency and repeatability in differentiating bone metastases.
Additionally, in this study, only 40 cases were included in the metastasis group, resulting in a relatively small sample
size. This may affect the stability and extrapolation ability of the obtained critical values. A smaller sample size may lead
to a large sampling error in the estimation of cut-off values, thereby reducing their diagnostic accuracy in external
populations. Therefore, the optimal cut-off value proposed in this study (such as SUV,,,,x/ADCy,in, = 11.35) still needs to
be verified in larger-scale multicenter studies. The tracer used in this study was '®F-FDG. Its application in prostate
cancer has certain limitations. The uptake of FDG is related to the glucose metabolic activity of tumor cells. In low-grade
prostate cancer (Gleason score < 6) or hormone-sensitive prostate cancer, the metabolic activity is often low, and the
FDG uptake is not significant, which may lead to false-negative results.>'*> Therefore, the conclusions based on
SUVmax in this study are mainly applicable to patients with intermediate or high-grade (Gleason score > 7) or castration-
resistant prostate cancer. But their general applicability is limited for low-grade or hormone-sensitive patients.
A comprehensive judgment is required based on the patient’s pathological grade and hormone status in clinical
applications.

This study has the following limitations: this study is a single-center retrospective design, with a single source of
cases, which may introduce selection bias and limit the external validity of the results. The research conclusions should
be used with caution when generalized to other populations. PSMA PET was not included as a control. PSMA PET/CT is
currently the standard method for prostate cancer staging and bone metastasis detection,” with higher tumor specificity.
Due to the fact that PSMA PET was not routinely performed in our hospital during the study period, a direct comparison
could not be made, which limited the comparability between the results of this study and current clinical standards. The
sample size of the metastasis group was small (n=40), which may affect the statistical power and subgroup analysis.
Future studies should include PSMA PET as a control and conduct prospective, multi-center research to further verify the
accuracy and clinical application value of PET-MR in the diagnosis of prostate cancer bone metastasis.

Conclusion

In conclusion, the indicators (SUVmax, ADCmin, and SUVmax/ADCmin) examined by PET-MR were notably abnormal
in PC bone metastases. The sensitivity of PET-MR in diagnosing bone metastasis of prostate cancer was 95.00%, and the
specificity was 79.72%. Among them, the diagnostic efficacy of the SUV ,,,,/ADC,y;, ratio was the best, with an AUC of
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0.864, a sensitivity of 76.74%, and a specificity of 82.50%. This suggests that PET-MR has certain value in the diagnosis
of bone metastasis of prostate cancer and can be used as a reference indicator for clinical auxiliary assessment. In this
study, a total of 95 PET-MR positive lesions were detected in 40 patients with bone metastases, of which 58 metastatic
lesions were confirmed by BVC. The difference was due to the presence of multiple site metastases in some patients
(such as spinal cord combined with pelvic metastasis). In the future, prospective and multi-center studies should be
conducted and directly compared with the PSMA-PET criteria, which perform better in prostate cancer staging, to further
validate the conclusions of this study.
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