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Background

To systematically review the clinical value of 18F-DCFPyL prostate-specific membrane antigen positron emission tomography/computed tomography (PSMA PET/CT) in the diagnosis of prostate cancer (PCa).



Methods

Literature concerning 18F-DCFPyL PSMA PET/CT in the diagnosis of prostate cancer published from 2015 to 2020 was electronically searched in the databases including PubMed and Embase. Statistical analysis was carried out with STATA 15 software, and the quality of included studies was tested with quality assessment of diagnostic accuracy studies (QUADAS) items. The heterogeneity of the included data was tested.



Results

In total, nine pieces of literature involving 426 patients met the inclusion criteria. The heterogeneity of the study group was not obvious. The SEN, SPE, LR+, LR−, DOR as well as AUC of 18F-DCFPyL PSMA PET/CT diagnosis of prostate cancer were 0.91, 0.90, 8.9, 0.10, 93, and 0.93. The pooled DR of 18F-DCFPyL labeled PSMA PET/CT in PCa was 92%. The pooled DR was 89% for PSA≥0.5 ng/ml and 49% for PSA < 0.5ng/ml.



Conclusion

18F-DCFPyL PSMA PET/CT had good sensitivity and specificity for the diagnosis of prostate cancer. The DR of 18F-DCFPyL PSMA PET/CT was correlated with PSA value. Further large-sample, high-quality studies were needed.
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Introduction

Prostate cancer is the most common tumor of the male genitourinary system. In recent years, the number of patients with prostate cancer in China had been increasing (1). Epidemiological studies had found that the incidence of prostate cancer in men in China had risen significantly in the past two decades. The popularity of health examinations had increased the detection rate of prostate cancer patients. In particular, the rapid development of imaging technology significantly improved the detection rate of early PCa (2). Prostate-specific membrane antigen (PSMA) was highly expressed in prostate cancer cells and was up-regulated in poorly differentiated, advanced, metastatic, and hormone-independent prostate cancer cells. Its positive detection rate in prostate cancer was higher than that of PSA. It had become a diagnostic tool for prostate cancer (3). 18F-DCFPyL was a kind of 18F-labeled PSMA, which had high imaging quality and diagnostic value.

The high incidence and fatality rate of prostate cancer seriously threatened men’s life and health (4, 5). PSMA was expressed on the surface of normal prostate and prostate hyperplasia cells and was significantly up-regulated in most prostate cancer cells. It was a specific molecular marker for prostate cancer. Radionuclide-labeled PSMA tiny molecule inhibitors had shown great clinical application value in prostate cancer detection and treatment evaluation. Based on the pharmacodynamic group Glu-urea-Lys, 68Ga-PSMA-11 was the first glutamate-urea small molecule PET imaging agent with good biological distribution characteristics (6–9). However, the nuclide 68Ga was obtained by the generator and had a short half-life. The 68Ga had high positive electron energy, which made the signal-to-noise ratio of PET images low, and its clinical application was limited. 18F was the most widely used positron nuclide in clinical practice. 18F-DCFPyL was also a PSMA specific small molecule imaging agent developed based on the Glu-urea-Lys structure. It had the characteristics of high affinity and good pharmacokinetics in vivo. The performance was better than 68Ga-PSMA-11 (10–12).

To further explore the accuracy and reliability of 18F-DCFPyL PSMA PET/CT in prostate cancer diagnosis, this study collected relevant literature and conducted a meta-analysis of its data summary.



Methods


Search Strategy

Computer searches included PubMed, Embase to collect relevant literature on prostate cancer diagnosis by 18F-DCFPyL PSMA PET/CT. The search period was from January 2015 to 2020 October. Subject terms included 18F-DCFPyL PSMA PET/CT, prostate, prostate cancer, and prostate tumor, and the search method was adjusted according to the specific database. The search strategy was determined after multiple pre-searches. Using a combination of database retrieval and manual retrieval, two evaluators independently retrieved and researched the included literature’s references. No language restrictions were used.



Exclusion Criteria

Repeated publications; research results could not be extracted or transformed into data required for analysis; Case, Case reports, reviews; Patients with a history of other tumors.



Literature Screening

Literature was independently screened by two reviewers based on the inclusion criteria, first reading the title and abstract. After cross-checking the results, data were extracted from cohort studies. The essential/primary characteristics of the included literature (11, 13–20) were shown in Table 1. The four grid table data and detection rate were shown in Table 2. The study field of prostate cancer of the included studies was shown in Table 3.


Table 1 | Study and patient characteristics.




Table 2 | The four grid table and the detection rate of the included studies.




Table 3 | The study field of prostate cancer of the included studies.





Quality Assessment

Two data extractors used the QUADAS quality evaluation tool to evaluate the quality of the included literature according to “yes” (satisfying the standard), “no” (not meeting the standard), and “unclear” (unavailable information). If there was a dispute, both parties discussed and reached an agreement (4).



Statistical Analysis

The data of the four grid table extracted from the included literature was sorted and statistically analyzed. The Q test was used for heterogeneity, and its I2 value was calculated. If I2 ≤50%, it indicated low heterogeneity. The combined sensitivity, combined specificity, diagnostic odds ratio (DOR), positive likelihood ratio (LR+) and negative likelihood ratio (LR−) of the included literature were written, and the receiver operating characteristic curve (SROC) was drawn. The area under the curve (AUC) was calculated. To detect the literature’s bias, STATA 15 software was used to draw the Deeks funnel chart and calculate the corresponding P value.




Results


Features of Included Literature

A total of 237 related articles were initially obtained after searching the corresponding database based on keywords. After excluding duplicates and reading the abstract, nine related articles were obtained (11, 13–20). The characteristics of the studies were illustrated in Table 1. The flow chart was shown in Figure 1. In total, nine literature involving 426 patients met the inclusion criteria. Seven articles studied the BCR of PCa. One study was conducted on the preoperative diagnosis of PCa, and the other one studied the widespread metastasis of PCa.




Figure 1 | Flow Chart.





Qualitative Analysis

The literature QUADAS scale displayed that the included articles were of high quality. The research quality evaluation was shown in Figure 2.




Figure 2 | Quality evaluation of the inccluded studies.





Detection Rate

The DR of 18F-DCFPyL PET/CT was shown in Table 2. The pooled detection rate (DR) of 18F-DCFPyL PSMA PET/CT in PCa was 92%. The pooled DR was 89% for PSA ≥0.5 ng/ml and 49% for PSA <0.5 ng/ml. The DR of 18F-DCFPyL PSMA PET/CT was correlated with the PSA value. The higher the PSA value was, the higher the DR of 18F-DCFPyL PSMA PET/CT was.



Meta-Analysis

The SEN, SPE, LR+, LR−, DOR as well as AUC of 18F-DCFPyL PSMA PET/CT diagnosis of prostate cancer were 0.91, 0.90, 8.9, 0.10, 93, and 0.93. The results of the meta-analysis were presented in Figure 3. The SROC curve and the forest map of 18F-FACBC PET/CT were presented in Figures 4 and 5, respectively.




Figure 3 | The combined statistics.






Figure 4 | SROC curves of 18F-DCFPyL PSMA PET/CT.






Figure 5 | Forest map of 18F-DCFPyL PSMA PET/CT.





Heterogeneity Analysis

As shown in Figure 5, 18F-DCFPyL PSMA PET/CT had no heterogeneity in the sensitivity of prostate cancer diagnosis (Q value, P-value, I2 value were 7.37, 0.50, 0.00, respectively). A random-effects model was used. The Spearman correlation coefficients of the sensitivity logarithm and (1-specificity) logarithm of 18F-DCFPyL PSMA PET/CT diagnosis of prostate cancer were −0.140 (P > 0.05), indicating that there was no threshold effect.



Sensitivity Analysis

Figure 6 revealed a sensitivity analysis. Each selected literature was excluded one by one, and its combined sensitivity, combined specificity, and DOR were recalculated. Compared with the exclusion results, there was no significant change, indicating that the results of the included literature were highly reliable.




Figure 6 | Sensitivity analysis of studies. Goodness of fit refers to the fitting degree of the regression line to the observed value. The statistic to measure goodness of fit is R2. The maximum value of R2 is 1. The closer the value of R2 is to 1, the better the fitting degree of the regression line to the observed value is; on the contrary, the smaller the value of R2 is, the worse the fitting degree of the regression line to the observed value is.





Clinical Analysis

The Fagan diagram was constructed for clinical analysis. It was shown in Figure 7. The post-test probability of 18F-DCFPyL PSMA PET/CT was 90%, which was higher than the pre-test probability (50%).




Figure 7 | The Fagan map.





Publication Bias

The drawn Deeks funnel chart suggested that 18FDCFPyL PET/CT had publication bias in diagnosing prostate cancer (p = 0.00). Figure 8 illustrated the Deeks funnel chart. However, the sensitivity analysis showed that our results are stable. Despite publication bias, our sensitivity test found that the article is stable, indicating that our results are reliable.




Figure 8 | Deeks’ test.






Discussion

PCa is one of the most common malignant tumors in men. However, the biological behavior and clinical conditions of PCa have significant heterogeneity, which makes it very difficult to diagnose. As a result, most patients miss the best treatment time. Therefore, imaging technology with high sensitivity and accuracy is incredibly crucial. There are many imaging evaluation methods for PCa, including CT, MRI, and ultrasound. Traditional imaging methods, such as CT or MRI, have low accuracy identifying metastatic lesions and have low diagnostic efficiency for early lymph node metastasis and distant metastasis. PET/CT technology combines the unique advantages of anatomy image and functional metabolism image so that doctors can obtain accurate anatomical positioning while understanding the biological metabolism information (21). Therefore, this method has important clinical significance for the diagnosis of PCa. With the development of PET/CT imaging agents, more and more radioactive imaging agents are used, such as 18F-FDG, 11C-choline, 18F-DCFPyL, 68Ga-PSMA, etc. The use of these different imaging agents further improves the sensitivity and specificity of PET/CT in the diagnosis of PCa (22).

The expression of PSMA corresponds to the grade and stage of cancer at the histopathological level, promoting the development of many radiopharmaceuticals targeting PSMA. PSMA targeted PET imaging has significant sensitivity and specificity in detecting PCA sites in various disease states. Based on the pharmacodynamic group Glu-urea-Lys, 68Ga-PSMA was the first glutamate-urea small molecule PET imaging agent with good biological distribution characteristics.

There are multiple meta-analyses of 68Ga-PSMA. Perera found that the summary sensitivity and specificity of 68Ga-PSMA in PCa were both 86% (23). Kimura found that the pooled sensitivity using lesion-based and field-based analyses were 0.84 and 0.82, respectively (24). However, the nuclide 68Ga was obtained by the generator and had a short half-life. The 68Ga had high positive electron energy, which made the signal-to-noise ratio of PET images low, and its clinical application was limited. 18F-DCFPyL is a PSMA-targeted PET agent that may be nearing regulatory approval in the US and has been increasingly used in many centers worldwide. It had the characteristics of high affinity and good pharmacokinetics in vivo. The performance was better than 68Ga-PSMA-11. Markowski found that long prostate-specific antigen doubling times were associated with pelvic confined prostate cancer (25, 26).

This study’s results demonstrated that the weighted sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio were 0.91, 0.90, 8.9, 0.10, and 93, respectively, and the area under the curve was 0.93. This suggested that 18F-DCFPyL could be used as a diagnostic tool for prostate cancer. The pooled detection rate (DR) of 18F-DCFPyL PSMA PET/CT in Pca was 92%. The pooled DR was 89% for PSA ≥0.5 ng/ml and 49% for PSA <0.5 ng/ml. The DR of 18F-DCFPyL PSMA PET/CT was correlated with the PSA value. The higher the PSA value was, the higher the DR of 18F-DCFPyL PSMA PET/CT. Therefore, for prostate cancer patients, strengthening PSA testing combined with 18F-DCFPyL PSMA PET/CT could improve the diagnostic level. Our study shows that 18F-DCFPyL PSMA PET/CT is excellent in preoperative diagnosis, biochemical recurrence, and metastasis.

This research still had some limitations. First, the number of documents was limited, and retrospective studies accounted for a large amount, so that could cause selection bias. Second, due to the literature’s different publication time, the 18F-DCFPyL PET/CT diagnostic standards in some literature had specific differences, which could affect the results. Third, there was poor-quality research in these documents, which led to article’s publication bias.

In summary, the 18F-DCFPyL PET/CT method had high efficiency in diagnosing prostate cancer. CT and MRI were useful non-invasive methods for diagnosing prostate cancer. However, the meta- analysis of the value of CT and MRI in diagnosing prostate cancer displayed that the sensitivity and specificity of CT are 42 and 82%, respectively. The sensitivity and specificity of MRI were 39 and 82%, respectively. Hence, 18F-DCFPyL PET/CT could become the first choice for prostate cancer in the near future.



Conclusion

This study showed that 18F-DCFPyL PET/CT had high sensitivity and specificity for the diagnosis of prostate cancer. At present, with the popularization of PET/CT in the clinic, it will provide further imaging basis for the diagnosis and treatment of prostate cancer and have essential clinical value for improving the survival rate of patients with prostate cancer.
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