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Abstract

BACKGROUND

Prostate cancer (PC) is one of the most common malignant tumors in men, and
bone metastasis is one of its common complications, which seriously affects the
quality of life and prognosis of patients.

AIM

To investigate the diagnostic value of technetium-99m-methylene diphosphonate
(99mTc-MDP) single photon emission computed tomography (SPECT)/CT
imaging combined with the serum prostate-specific antigen (PSA)/free PSA ratio
for PC bone metastasis (PCBM).

METHODS

One hundred patients with PC who visited the Hospital of Chengdu University of
Traditional Chinese Medicine from January 2020 to January 2022 were recruited
as the experimental (Exp) group, while 30 patients with benign prostatic lesions
(BPLs) were recruited as the control (Ctrl) group. All patients underwent 99mTc-
MDP SPECT/CT imaging and serum PSA /fPSA testing. The SPECT/CT imaging
results and serum PSA/fPSA ratios of patients were analyzed to evaluate their
diagnostic values for PCBM.

RESULTS
The difference in general information of the patients was not obvious, showing
comparability. The two methods showed no visible differences in negative
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predictive value and sensitivity for patients with PCBM, but had great differences in positive predictive value and
specificity (P < 0.05). The PSA/fPSA ratio of patients with PC in the Exp group was lower than those with BPLs,
and patients with PCBM had a much lower PSA/fPSA ratio than those without PC (P < 0.05). The results
confirmed that the combined use of 99mTc-MDP SPECT/CT imaging and serum PSA/{PSA ratio achieved a
detection rate of 95% for PCBM.

CONCLUSION
The combination of 9mTc-MDP SPECT/CT and PSA/fPSA ratio is accurate and reliable for the diagnosis of
PCBM, which provides an important reference for clinical practice.

Key Words: Matrix metalloproteinase 9; Single photon emission computed tomography; Prostate-specific antigen to free
prostate-specific antigen ratio; Prostate cancer; Bone metastasis
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Core Tip: This work investigated the diagnostic value of technetium-99m-methylene diphosphonate (99mTc-MDP) single
photon emission computed tomography (SPECT)/ CT imaging combined with the serum prostate-specific antigen (PSA)/free
PSA ratio for detecting bone metastasis in prostate cancer (PC). Compared to individual methods, the combination of
SPECT/CT imaging and PSA/fPSA ratio demonstrated significantly higher positive predictive values and specificity. The
PSA/fPSA ratio in PC bone metastasis (PCBM) patients was notably lower than in non-PCBM patients. The integrated
approach achieved a 95% detection rate for PCBM, emphasizing its diagnostic efficacy.
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INTRODUCTION

Prostate cancer (PC) is a malignant tumor that primarily occurs in the prostate tissue of males[1]. The prostate is an
important component of the male reproductive system, located below the bladder and surrounding the urethra. PC
typically grows slowly, and early-stage cases may not exhibit noticeable symptoms. However, as cancer cells proliferate,
symptoms such as frequent urination, urgency, dysuria, and weak urine flow may manifest[2]. The diagnosis of PC is
usually determined through prostate-specific antigen (PSA) testing and prostate biopsy. PC bone metastasis (PCBM)
refers to the process in which PC cells spread from the primary site to the skeletal system[3]. This is one of the most
common modes of metastasis in PC, with approximately 70% of PC patients experiencing bone metastasis in the
advanced stages of the disease[4]. Bone metastasis can lead to symptoms such as osteoporosis, fractures, and pain,
significantly impacting the quality of life for patients. The occurrence of bone metastasis is associated with the
malignancy, course, and treatment modalities of PC. Treatment options for PC mainly include surgery, radiation therapy,
chemotherapy, and hormone therapy. Surgery and radiation therapy are commonly used for early-stage PC, while
chemotherapy and hormone therapy are more frequently employed for advanced cases.

Technetium-99m-methylene diphosphonate (99mTc-MDP) single photon emission computed tomography (SPECT)/CT
imaging is a medical imaging technique used for detecting diseases and injuries in the skeletal system[5]. This technique
combines two imaging modalities: SPECT and CT, enabling more accurate diagnostic results. In 9mTc-MDP SPECT/CT
imaging, patients first receive an injection of the radiotracer 99mTc-MDP, which accumulates in the skeletal system.
Subsequently, the patient undergoes a SPECT scan, which detects the distribution of the radiotracer. Finally, a CT scan is
performed, providing detailed information about the bone structures. By combining the SPECT and CT images,
physicians can more accurately diagnose diseases and injuries in the skeletal system, such as fractures, osteoporosis,
tumors, and infections. Furthermore, 9mTc-MDP SPECT/CT imaging can also be used to assess treatment efficacy and
monitor disease progression in the skeletal system[6,7].

The serum PSA/free PSA (fPSA) ratio refers to the ratio between PSA and fPSA detected in the blood[8]. This ratio is
an indicator used to assess the risk of developing PC. In normal circumstances, the proportion of fPSA to total PSA is
higher, while in PC patients, the proportion of fPSA is lower. Therefore, a lower serum PSA /fPSA ratio indicates a higher
risk of PC. Generally, patients with a PSA /fPSA ratio below 0.15 require further PC screening to detect and treat PC at an
early stage[9]. This indicator can assist physicians in more accurately diagnosing PC and help patients gain a better
understanding of their health condition, enabling them to take appropriate preventive and treatment measures.

Currently, commonly used diagnostic methods for PCBM in clinical practice include bone scanning, CT, magnetic
resonance imaging, and serum PSA /fPSA testing[10]. However, each of these methods has its advantages and limitations,
and their individual applications are somewhat limited. Therefore, the aim of this work was to investigate the diagnostic
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value of 99mTc-MDP SPECT/CT imaging combined with serum PSA /fPSA ratio for PCBM.

MATERIALS AND METHODS

Research objects

The data of 100 patients with PC diagnosed by prostate biopsy or surgical pathology in Hospital of Chengdu University
of Traditional Chinese Medicine (Chengdu, China), from January 2020 to January 2022, were retrospectively analyzed.
The average age of the patients was 71.34 + 5.76 years (range: 48-87 years), and the average body mass index was 23.5 +
1.12 kg/m? (range: 22-25 kg/m?). Patients with PC were the experimental group (Exp group). In addition, 30 patients with
benign prostatic lesions (BPLs) were recruited as the control group (Ctrl group). All patients underwent 9mTc-MDP
SPECT/CT imaging and serum PSA/fPSA detection. By analyzing the results of the two groups, the diagnostic value of
SPECT/CT imaging results and serum PSA /fPSA ratio for PCBM was evaluated. Written informed consent was provided
by all participants.

Inclusion criteria of Exp group were: (1) Patient age 2 18 years; (2) patients with no recent history of trauma or surgery;
(3) patients who met the clinical diagnostic criteria of PC[11]; (4) patients who did not receive chemoradiotherapy drugs
or hormone drugs; (5) patients and their families who provided written informed consent; (6) patients with complete
clinical and imaging data; and (7) 9mTc-MDP SPECT/CT imaging and serum PSA/fPSA detection that could be
accepted.

Exclusion criteria of Exp group were: (1) Patients with severe mental illness and cognitive impairment; (2) the presence
of malignant tumors in other parts; (3) patients diagnosed with bone degenerative disease or chronic bone infection; (4)
absolute contraindications to SPECT/CT imaging; (5) patients with severe cardiovascular, liver, and kidney dysfunction
or other underlying diseases; (6) patients who received relevant treatment or diagnosis; and (7) unclear imaging images.

General information of all participating patients

Prior to conducting the experiment, it was necessary to collect and organize the general information of all participating
patients enrolled in this work. This information included but was not limited to, age, sex, occupation, work experience,
educational level, marital status, family background, and income level. Data collection for this information was
performed through methods such as questionnaire surveys, personal interviews, and medical records to ensure the
accuracy and reliability of the research results.

99mTc-MDP imaging

99mTc-MDP imaging is a nuclear medicine technique used for the detection of diseases and injuries in the skeletal system
[12]. This method involves the injection of a radiopharmaceutical agent called 9mTc-MDP (methylene diphosphonate),
which is absorbed by the bones and emits gamma rays under the emission of the radioactive isotope, thereby forming an
image. This imaging technique can detect conditions such as fractures, bone tumors, osteomyelitis, and arthritis in the
skeletal system. Through this technique, physicians can conduct comprehensive examinations and evaluations of the
skeletal system of the patient, aiding in the timely detection and treatment of skeletal system diseases, thereby improving
treatment outcomes and quality of life.

SPECT/CT imaging

SPECT/CT imaging fusion processing is a medical imaging technique that involves performing CT localization of a
specific area followed by CT transmission scanning[13] with the parameters of 120 KeV, 200 mA/Layer, and 2 mm slice
thickness. SPECT acquisition was automatically positioned, with a matrix of 64 x 64, continuous acquisition of 360°, and
each dual-head rotating 180° with a step of 6° per frame for 15 s. The SPECT/CT images were reconstructed and fused
using Astonish bone and Syntegra software. The resulting images were reviewed independently by two experienced
nuclear medicine physicians in a blinded manner, and a consensus was reached. The positive diagnostic criteria for tumor
bone metastasis generally involved the presence of multiple asymmetric radiotracer uptake abnormalities (two or more)
in the whole-body bone imaging, excluding benign conditions such as surgery, fractures, and trauma, thereby indicating
metastasis. If there were less than two lesions, the presence of osteoblastic or osteolytic changes at the site of radiotracer
accumulation in CT scans and SPECT/CT fusion bone imaging, or the presence of lesions in locations such as the
vertebral pedicle arch, can also be classified as bone metastasis. If there were evident changes in bone structure in the CT
images but no apparent abnormal radiotracer distribution in the SPECT images, it can also be considered as metastasis.
The final criteria for diagnosing suspicious lesions were presented in Table 1.

99mTc-MDP SPECT/CT imaging

The 99mTc-MDP SPECT/CT imaging method is a medical imaging technique used for detecting skeletal system diseases
[14]. This method involves the administration of a radiopharmaceutical called 9mTc-MDP, which is absorbed by the
skeletal system after injection into the patient. The imaging is then performed using a SPECT/CT scanner. The radiophar-
maceutical exhibited good biocompatibility and stability, allowing it to remain in the body for an extended period,
thereby improving the quality and accuracy of the imaging. SPECT was a nuclear medicine imaging technique that
detects the distribution of the radiopharmaceutical within the body. CT is an X-ray imaging technique that provides
detailed information about the skeletal structure. The 99mTc-MDP SPECT/CT imaging method can be employed to
detect skeletal system diseases such as fractures, osteoporosis, bone tumors, and bone metastasis. It offers high sensitivity
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Table 1 Final criteria for diagnosing suspicious lesions

No. Criteria for diagnosing suspicious lesions

1 Results of two or more imaging techniques were consistent
2 Diagnosis was confirmed by pathological examination after operation or puncture
3 SPECT/CT follow-up review was combined with clinical history and other laboratory tests

SPECT/CT: Single photon emission computed tomography/computed tomography.

and specificity, was non-invasive, safe, and fast, and has minimal adverse reactions and side effects for patients.

The examination utilized the Symbia intevo 6 SPECT/PET-CT system manufactured by SIEMENS (Hoffman Estates,
USA), a leading company in medical imaging technology. This system was equipped with dual-head detectors and
employed a low-energy high-resolution collimator for imaging. Prior to the examination, the patient received an
intravenous injection of 99mTc-MDP with a dose of 925 MBq. Whole-body bone imaging, including anterior-posterior
and posterior-anterior views, was conducted approximately 2.5 to 3 h after the injection. In some cases, localized imaging
was also performed. Before the imaging procedure, the physician instructs the patient to empty their bladder and lie
supine on the examination bed. Additionally, any metallic objects on the patient’s body are removed.

Serum PSA/fPSA test
The serum PSA/fPSA test is a common screening method for PC. This test is typically performed using either enzyme-
linked immunosorbent assay (ELISA) or radioimmunoassay techniques[15]. In this work, the ELISA method was utilized
for detection[16]. PSA is a protein produced by the prostate gland. Its presence or risk of PC can be determined through
blood testing. fPSA referred to PSA that was not bound to other proteins, while tPSA included all forms of PSA,
comprising of PSA bound to other proteins. By measuring the ratio of fPSA to tPSA, doctors can assess the risk of PC.

The' fasting venous blood of patient was collected in the morning and centrifuged to obtain the serum, which was then
frozen at -80 °C. After completion of serum collection from all patients, PSA/fPSA testing was performed following the
steps outlined in Table 2.

Experimental instruments and reagents
The experimental instruments included a SPECT/CT imaging system (the dual-head Symbia intevo 6 SPECT/CT system
manufactured by SIEMENS) and a centrifuge (the Eppendorf 5804/5804R refrigerated centrifuge).

The experimental reagents included the 9mTc-MDP radioactive isotope used with an activity of 925-1110 MBq. The
PSA/fPSA testing was performed using an ELISA PSA /fPSA testing kit.

Methods for statistics

In this work, the research data were processed using SPSS 20.0. The quantitative data, such as serum PSA and matrix
metalloproteinase-9 (MMP9) expression, are presented as the mean * standard deviation. For comparisons between two
groups, t-test analysis was conducted. For comparisons involving multiple sample rates, the ¥* test was employed. P <
0.05 was considered statistically significant. Additionally, the independent samples t-test was utilized for group
comparisons. Furthermore, receiver operating characteristic (ROC) curve analysis was performed to evaluate the
diagnostic value of serum PSA and MMP9 levels in PC bone metastasis.

RESULTS

General data of patients

The Exp group consisted of patients with ages ranging from 50 years to 86 years, with a mean age of 72.5 years. Among
them, 52 cases had low-grade carcinoma, 30 cases had moderate-grade carcinoma, and 18 cases had high-grade
carcinoma. In the Ctrl group, the patient age ranged from 37 years to 65 years, with a mean age of 45.7 years. No obvious
differences were observed between the Exp group and Ctrl group in terms of age, sex, occupation, work experience,
education level, marital status, family background, or income level (P > 0.05). Postoperative pathological results revealed
a total of 70 cases with PC bone metastasis, including 53 cases with multiple bone metastases and 17 cases with solitary
bone metastasis.

Diagnosis results of 99mTc-MDP SPECT/CT imaging to PCBM

A total of 100 postoperative pathological results from PC patients revealed 70 cases with PCBM and 30 cases without. The
specific details of diagnosing PCBM using 99mTc-MDP SPECT/CT and SPECT/CT are illustrated in Figure 1. Difference
in sensitivity and negative predictive value (NPV) was not great between 99mTc-MDP SPECT/CT and SPECT/CT for
diagnosing PCBM (P > 0.05). However, a visible difference was found in positive predictive value (PPV) and specificity (P
<0.05).
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Table 2 Operations procedures of enzyme-linked immunosorbent assay

No. Operations procedures of ELISA

1 Coating: the antigen or antibody solution to be detected was coated on the microporous plate and adsorbed on the pore wall
2 Blocking: a certain concentration of protein (such as bovine serum albumin) was added to block unadsorbed pore walls to avoid non-specific binding

3 Addition of a certain concentration of detection antibody: the detection antibody labeled with enzyme was added to the well, and the antigen or
antibody has been adsorbed

4 Wash: the unbound antibody in the hole was absorbed with a buffer solution
5 Addition of substrate: substrate was added to catalyze the reaction by the enzyme to produce a measurable signal

6 Reading plate: the signal is read by the enzyme marker to calculate the concentration of antigen or antibody

ELISA: Enzyme-linked immunosorbent assay.
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Figure 1 Diagnosis efficacy of technetium-99m-methylene diphosphonate single photon emission computed tomography
(SPECT)/computed tomography (CT) and SPECT/CT in diagnosing prostate cancer bone metastasis. 2P < 0.05. 99mTc-MDP SPECT/CT:
Technetium-99m-methylene diphosphonate single photon emission computed tomography/computed tomography.

PSA/fPSA values of patients in different groups

According to Figure 2, it was evident that the PSA /fPSA ratio of PC patients in the Exp group was much lower than that
of patients in the Ctrl group. Specifically, among PC patients in the Exp group, those who developed bone metastasis had
a greatly lower PSA /fPSA ratio compared to those who did not, showing a substantial difference with P < 0.05. This
conclusion indicates that the PSA/fPSA ratio can serve as a predictive indicator for patients with PCBM. When the PSA/
fPSA ratio was lower, patients may be more prone to developing bone metastasis. Therefore, regular monitoring of the
PSA/fPSA ratio in PC patients can assist doctors in timely detection of the risk of bone metastasis and implementation of
appropriate treatment measures.

Diagnosis efficacy of 99mTc-MDP SPECTCT imaging combined with serum PSA/fPSA ratio to PCBM

After evaluating PCBM using 99mTc-MDP SPECT/CT imaging, the diagnostic accuracy was found to be high with an
area under the ROC curve of 0.979. Furthermore, when combined with the serum PSA/fPSA ratio for diagnosis, the
accuracy of 99mTc-MDP SPECT/CT imaging was even higher, with an AOC of 0.986. This combination allowed for a
more precise diagnosis of PCBM. Detailed information is presented in Figure 3.

Detection rate of 9ImTc-MDP SPECTCT imaging combined serum PSA/fPSA ratio to PCBM
The combined 9mTc-MDP SPECT/CT imaging with serum PSA/fPSA ratio achieved a 95% accurate detection rate for
PCBM, as illustrated in Figure 4.

DISCUSSION

The prostate is an important organ in the male reproductive system, and its venous drainage passes through the prostatic
venous plexus and eventually drains into the internal iliac vein[17]. Due to the extensive connectivity between the
prostatic venous plexus and the vertebral venous plexus, PC is highly susceptible to bone metastasis[18]. Nuclear
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Figure 2 Comparison of prostate-specific antigen (PSA)/free prostate-specific antigen (PSA) values of patients with and without prostate
cancer bone metastasis in the control and experimental groups. °P < 0.05, °P < 0.05 between patients with prostate cancer bone metastasis (PCBM)
and without PC and between patients with PCBM and with PC only, respectively. CE: Exp group; CG: Ctrl group.
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Figure 3 Specificity and sensitivity of technetium-99m-methylene diphosphonate single photon emission computed tomography
(SPECT)/computed tomography (CT) imaging combined with prostate-specific antigen (PSA)/free PSA in diagnosing prostate cancer
bone metastasis. 99mTc-MDP SPECT/CT: Technetium-99m-methylene diphosphonate single photon emission computed tomography/computed tomography.
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Figure 4 Accuracy of technetium-99m-methylene diphosphonate single photon emission computed tomography (SPECT)/computed
tomography (CT) imaging combined with serum prostate-specific antigen (PSA)/free PSA ratio to prostate cancer bone metastasis.
99mTc-MDP SPECT/CT: Technetium-99m-methylene diphosphonate single photon emission computed tomography/computed tomography.
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imaging using radioisotopes is essential in diagnosis, allowing early detection of metastatic lesions in bone, often 6 mo or
more before X-ray findings[19]. Therefore, timely nuclear imaging is essential for PC patients, as it can help physicians to
identify bone metastases in time, develop more effective treatment strategies, and improve treatment outcomes and
survival rates[20]. 99mTc-MDP SPECT/CT imaging is a nuclear medicine imaging technique for the detection of bone
diseases and tumors. It has the advantages of high sensitivity, high specificity, noninvasive measurement, and high
safety. The combination of 99mTc-MDP SPECT/CT imaging and serum PSA /fPSA ratio is more effective in detecting
PCBM patients. Some studies have shown that PSA is an effective predictor of bone metastasis in PC patients[21]. 99mTc-
MDP SPECT/CT can accurately identify bone lesions and tumors, minimizing misdiagnosis and missed diagnosis. Serum
MMP9 can effectively reflect the degree of malignant transformation of tumors. Yi et al[22] showed that 18F-fluorodeoxy-
glucose PET can be used to detect primary lesions and distant metastases of PC. Al-faham and Jolepalem[23] proposed
that SPECT/CT and 99mTc-MDP bone scintigraphy were adopted for the diagnosis of symptomatic acromial bone.
Mandegaran et al[24] showed that compared with Tc-MDP two-phase bone scan, Te-MDP SPECT/CT has better
sensitivity and specificity in the diagnosis of aseptic loosening and periprosthetic infection in patients undergoing painful
knee arthroplasty. Viragh et al[25] and Mandegaran et al[26] indicated that 9mTc-MDP-SPECT/CT scan can obtain
anatomical features and functional information of bone. These studies have shown that 9mTc-MDP SPECT/CT is a
reliable, accurate, safe, and non-invasive imaging method for the diagnosis and treatment of bone diseases and tumors. In
this work, the sensitivity of 99mTc-MDP SPECT/CT and NPV was roughly comparable, but the PPV and specificity of
the Exp group were better than those of SPECT/CT imaging,.

The PSA/{PSA ratio is also an important indicator of PC. PSA is a protein secreted by prostate cells, and its level can
reflect the presence and malignancy of PC. fPSA refers to the free form of PSA, and its level can better reflect the risk of
malignancy and metastasis of PC compared with total PSA[27]. Therefore, the combination of 9mTc-MDP SPECT/CT
imaging and serum PSA/fPSA ratio can provide patients with more accurate diagnosis of PCBM and more accurate
treatment plan for patients. In contrast to other studies[28,29], 99mTc-MDP SPECT/CT imaging combined with the serum
PSA/fPSA ratio is able to detect very small tumors or abnormal cells. It also allows accurate identification of tumors or
abnormal cells and minimizes the risk of misdiagnosis or missed diagnosis. In addition, it is a non-invasive testing
method that does not require surgical or invasive intervention, ensuring minimal harm to the patient’s body. Serdarevic
et al[30] used PSA/fPSA ratio to detect PSA immunity, and the measured tPSA and fPSA concentrations were different,
which also provided a reference for the clinical judgment of prostate biopsy. Some studies have shown that 9mTc-MDP
SPECT/CT imaging combined with serum PSA /fPSA ratio can improve the accuracy of detecting PCBM[31]. Compared
with other methods, this method has higher sensitivity and specificity, enables earlier detection of bone metastases, and
better differentiation between benign and malignant diseases. The results of this work showed that the PSA /fPSA ratio of
PC patients in the Exp group was lower than that in the BPL group, and the PSA/fPSA ratio of the PCBM group was
much lower than that of the no PC group. These results suggest that PSA /fPSA ratio has a certain diagnostic significance
in the diagnosis of PCBM. First, the PSA/fPSA ratio was lower in PC patients in the Exp group than in BPL patients,
suggesting that PC patients may contribute to a decrease in the PSA/fPSA ratio in the presence of bone metastases. This
may be due to the release of PC cells into bone tissue due to bone metastasis, which makes the level of fPSA relatively
low, resulting in a decrease in PSA/fPSA ratio. Second, the PSA /fPSA ratio of patients in the PCBM group was much
lower than that in the no PC group, which further supports the potential value of the PSA /fPSA ratio in the diagnosis of
PCBM. The lower PSA/fPSA ratio in PCBM patients may reflect the presence of bone metastases, since bone metastases
usually result in PC cells being released into the bone marrow, thereby reducing PSA levels in the blood. Therefore, the
decrease of PSA /fPSA ratio may indicate the presence of PCBM. In conclusion, the PSA /fPSA ratio of PC patients in the
Exp group was lower than that of BPL patients and the PSA/fPSA ratio of PCBM patients was much lower than that of no
PC patients, suggesting that PSA/fPSA ratio may be a useful indicator for evaluating PCBM. However, further studies
are needed to verify this finding and to determine the accuracy and reliability of the PSA/fPSA ratio in clinical practice.

CONCLUSION

The results of this work demonstrated that the combination of 9mTc-MDP SPECT/CT imaging with the serum PSA/
fPSA ratio can effectively diagnose PCBM with high accuracy and reliability. This method can serve as an important
reference index for the clinical diagnosis of PCBM. However, this work was subjected to some limitations, such as a small
sample size and regional representation of the patient samples. Therefore, further multicenter, large-sample, prospective
studies are needed to validate the reliability and generalizability of the results obtained in this work. Only through more
rigorous study design and comprehensive data analysis can it better evaluate the clinical applicability of this method and
provide more scientific and precise guidance for diagnosing and treating PCBM.
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