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Abstract

:

Neuroendocrine differentiation of prostate cancer (NEDPC) includes de novo presentation and secondary to epigenetic changes, referred as therapy-induced neuroendocrine prostate cancer (t-NEPC). Molecular imaging with prostate-specific membrane antigen (PSMA) and somatostatin analogues positron emission tomography (PET/CT) in NEDPC have not been validated. 18F-FDG (fluorodeoxyglucose) PET/CT has numerous limitations in prostate cancer (PCa) and the utility in NEDPC has only been reported in a few series of cases. The objective of this study is to compare the lesions detection rate of the three radiotracers in metastatic t-NEPC patients. (1) Material and Methods: Retrospective evaluation of patients with prostate adenocarcinoma treated with androgen deprivation therapy, chemotherapy, a novel androgen receptor pathway inhibitor or a combination of them and a second tumour biopsy confirming t-NEPC was made. All patients underwent 18F PSMA-1007, 18F AlF-NOTA-Octreotide, and 18F-FDG PET/CT. Evaluation of positive lesions was determined and SUVmax of each radiotracer was estimated and correlated with computer tomography (CT) findings. (2) Results: A total of eight patients were included. The mean time from diagnosis of prostate adenocarcinoma to t-NEPC was 28.2 months, with a mean serum specific prostate antigen (PSA) of 16.6 ng/dl at the time of NEPC diagnosis. All patients were treated with antiandrogen therapy and 87.5% with chemotherapy. A total of 273 lesions were identified by CT from which 182 were detected by 18F-FDG PET/CT, 174 lesions by 18F PSMA-1007, and 59 by 18F AlF-NOTA-Octreotide. An interpatient analysis of the lesions was performed and dual tracer 18F-FDG PET/CT and 18F PSMA-1007 PET/CT detected a total of 270/273 lesions (98.9%). (3) Conclusions: NEDPC patients demonstrated wide inter and intrapatient molecular imaging heterogeneity within the three radiotracers. 18F-FDG detected most lesions in t-NEPC among all radiotracers, especially in visceral sites; 18F PSMA-1007 detected more bone lesions. 18F AlF-NOTA-Octreotide showed no significant utility.
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1. Introduction


Prostate cancer (PCa), a prevalent neoplasia in men, usually exhibits slow growth and progression behaviour and it is one of the deadliest neoplasms in the world. The prevalence and incidence of this neoplasm have increased, making it a health problem worldwide [1,2].



The prostate gland is composed of stromal cells, stem cells and epithelial cells, which are predominantly luminal, basal, and, to a lesser degree, neuroendocrine cells. In most cases, prostate cancer originates in the luminal cells, although, due to intratumoural heterogeneity, other cell subgroups can coexist according to their molecular profile, which directly impacts the prognosis [3,4]. Management of PCa has evolved over the years as we escalate the level of comprehension of the disease. Typical systemic treatments focus on targeting androgen receptor (AR) signalling by inhibiting androgen production (surgical or medical castration) and/or blocking AR function with competitive inhibitors. However, the therapeutic efficacy is temporary, and patients will inevitably experience disease recurrence and progress to castration-resistant prostate cancer (CRPC). It is well established that androgen receptors are essential for PCa development, in such a way that therapeutic strategies have sought to inhibit androgenic synthesis at an intratumourally level (i.e., abiraterone) or in a more efficient way, inhibit AR signalling (i.e., enzalutamide) [5].



As time has passed and these types of therapies have been used more frequently, an intriguing phenomenon has been described with the clinical observation of how advanced PCa evades androgen inhibitors and other therapies. It has been validated that PCa tumours respond to antiandrogen therapy (ADT) and, afterwards, some cells thrive into focal neuroendocrine differentiation of CRPC, this phenomenon, also known as t-NEPC, has generated great interest among the scientific community, especially because of the mechanisms that are activated by neoplastic cells: the epithelial-mesenchymal transition would be one of the main mechanisms suspected in these processes [6,7].



Neuroendocrine prostate carcinoma (NEPC) is an aggressive subtype of prostate cancer characterized by a lack of responsiveness to hormonal therapies and an overall poor prognosis that can arise de novo, which is rare and ranges from 0.5–2% of total PCa cases, but much more commonly arises after hormonal therapy for prostate adenocarcinoma, reported at a much higher rate, ranging from 17–30% [8]. The genotypic characteristics of this prostate cancer variant are highly variable and also show the expression of genes that are used as markers for neuroendocrine (NE) differentiation, e.g., synaptophysin (SYP), chromogranin A (CgA), and enolase 2 (ENO2) [9].



The biological characteristics of this type of cancer present a diagnostic challenge for conventional imaging modalities, such as computer tomography (CT) or magnetic resonance imaging (MRI), especially when patients have been exposed to therapies in which it is impossible to discriminate active disease from anatomical alterations conditioned by therapy (i.e. sclerotic bone lesions) [10]. Molecular imaging with 68Ga/18F-PSMA PET/CT is the upcoming imaging modality for staging, restaging and response assessment of prostate cancer [11]. This new generation of imaging has shown better diagnostic accuracy when compared with conventional imaging, such as CT or bone scan, particularly in high-risk PCa patients [12]. However, the expression of PSMA may be epigenetically downregulated and this phenomenon leads to false-negative results in patients with these neuroendocrine characteristics.



It is documented that well-differentiated neuroendocrine tumour cells express somatostatin receptors (SSTR), consequently, they can be detected by PET tracers for SSTR like 68Ga-DOTATOC, but their application in prostate cancer is not well understood [13]. The use of fluorodeoxyglucose (FDG) PET/CT in PCa is limited due to the metabolic behaviour of this entity, characterized by low glucose consumption and the use of other metabolic pathways such as fatty acids and fructose [14,15]. However, Spratt et al. demonstrated that 18F–FDG PET/CT has clinical utility in the metastatic evaluation of NEPC due to the phenotypic characteristics, which have a much higher glucose consumption being a high-grade neuroendocrine subtype [16]. Given this evidence, it is important to identify the best imaging biomarker that can be used in suspected t-NEPC, especially because they may not present serum prostate-specific antigen (PSA) elevation, and, if any, it ought to be subtle. In addition, it is of great importance to initiate an appropriate therapeutic strategy due to the rapid progression and poor overall survival linked with these histologies [17]. As the clinical utility of PSMA, somatostatin analogues and FDG PET/CT has not been yet well comprehended, we performed a comparison of each one of them in histologically proven NEDPC patients.




2. Materials and Methods


2.1. Study Population


This is a retrospective study of eight patients with NEDPC who were referred to the National Cancer Institute (INCan) between 2018 and 2021. All patients underwent 18F PSMA–1007, 18F AlF-NOTA-Octreotide and 18F-FDG PET/CT within 5 weeks, with the following inclusion criteria:




	(a)

	
Patients with metastatic CRPC (CRPCm) and histologically proven neuroendocrine prostate cancer.




	(b)

	
First initial diagnosis biopsy-proven with adenocarcinoma PCa with a second biopsy that confirmed NE differentiation with immunohistochemical markers (chromogranin and synaptophysin).




	(c)

	
Prior treatment based on androgen deprivation therapy, chemotherapy, novel androgen receptor pathway inhibitor or a combination of each one of them.









Exclusion criteria:




	(a)

	
Patients who had other primary malignancies at the time of examination.




	(b)

	
Non-histopathological NEPC confirmation. NEPC was defined by the presence of either pure small/large-cell carcinoma (by tumour morphology) or mixed histology with both adenocarcinoma and small/large-cell neuroendocrine carcinoma along with positive neuroendocrine immunohistochemical markers [17].










2.2. Image Acquisition


PET/CT Whole-body was acquired from top of head to mid-thigh approximately 60 min after the intravenous injection of each radiotracer; 18F PSMA–1007 (370 MBq), 18F AlF-NOTA-OCTREOTIDE (259 MBq) and 18F-FDG (370 MBq) within 5 weeks, according to the clinical standard protocol for tumour imaging. A Biograph mCT 20 Excel PET/ CT scanner was used (Siemens Healthineers, Knoxville, TN, USA). The PET reconstruction datasets were 400 × 400 matrix (pixel size: 1.5625 × 1.5625 × 2.78 mm3) with Time of Flight (TOF) OSEM algorithms with 21 subsets and 3 iterations, followed by a 6-mm Gaussian filter. CT was acquired using 140 mA, 130 kV, 5 mm width, and a 1 mm pitch.




2.3. Image Analysis


Images from the three radiotracers were simultaneously evaluated by two experienced nuclear physicians to define the positivity of the lesions. Lesions were classified by regions in the prostate, seminal vesicles, lymph nodes, bone, and visceral metastases (lung, liver, and mesenteric). The criterion of positivity was focal uptake areas higher than in the surrounding tissue background. The standardized value of maximum uptake (SUVmax) of lesions was measured with a region of interest (ROI) using a syngo.via workstation (Siemens Healthineers).




2.4. Statistical Analysis


Results are shown as mean ± SD or as frequencies (%). For comparison of continuous variables, the two-tailed Student’s T-test was obtained for unpaired data. The x2 test was applied to compare nominal variables. Kaplan–Meier graphs were made. All statistical analyses were performed using STATA 14, with a p value < 0.05 considered statistically significant.





3. Results


Eight patients who met the criteria of interest were selected, the mean age at diagnosis was 71 years with an interquartile range (IQR) of 62.5–81.5 years, and mean PSA of 16.6 ng/dl (IQR 2.75–138.65) at the time of t-NEPC diagnosis. According to histology, 87.5% (n = 7) were prostate adenocarcinoma and 12.5% (n = 1) presented with mucinous prostate adenocarcinoma (Figure 1). In the Gleason scoring system, 50% (n = 4) of the patients presented a Gleason 9 (4 + 5) and an ISUP grade greater than 9 in 75% (n = 6). When evaluating the initial treatment of the 8 patients, only 37. 5% (n = 3) underwent surgical treatment, which, in 12.5% of the cases, was radical prostatectomy and 25% underwent transurethral resection of the prostate (TURP); 100% of patients received hormonal treatment and 87. 5% (n = 7) received chemotherapy. When performing a second biopsy, 75% (n = 6) presented neuroendocrine carcinoma, and 25% large cell neuroendocrine carcinoma (see Table 1). The eight biopsy cases were complemented with immunohistochemical studies, of which 100% were positive for synaptophysin and chromogranin, other markers were performed in 75% of patients (see Table S1 Supplementary Materials).



Mean time for neuroendocrine differentiation was 28.28 months (95% CI 12.8–42.75). The mortality incidence rate was 37.5% (n = 3). Mean overall survival (OS) was 13.25 months (95% CI 4.84–21.65). The Kaplan–Meier survival analyses for the patients are found in Figures S1 and S2 Supplementary Materials.



The 18F–PSMA-1007, 18F–FDG and 18F AlF-NOTA-Octreotide PET/CT were performed within 5 weeks. A total of 273 lesions were identified. 18F–FDG was positive in 182 lesions, 18F–PSMA-1007 positive lesions were 174, and 59 18F AlF-NOTA-Octreotide positive lesions were identified. The most representative lesions were found at bone level in 60.8% (n = 166), visceral in 30.04% (n = 82), followed by lesions in lymph nodes (6.59%, n = 18), prostate bed/prostate and seminal vesicles in 1.83% (n = 5) and 0.73% (n = 2), respectively. In visceral sites, the organs involved were liver in 46.34% (n = 38), lungs in 52.44% (n = 43) and mesentery in 1.2% (n = 1). The most frequent sites in which lymph nodes were involved were pelvis (50%), retroperitoneum (44.4%), and inguinal (5.56%).



When observing the lesions and the percentage of uptake by a semi-quantitative assessment, which was determined by SUVmax for each radiopharmaceutical, it was found that the positive uptake of 18F–PSMA-1007 is greater at bone lesions, lymph node and seminal vesicles compared with the other radiotracers. Conspicuously, FDG was identified as the best radiotracer for the overall identification of lesions, with an outstanding detection of visceral metastases (see Figure 2 and Figure 3).



An interpatient analysis of the lesions was carried out: it demonstrated that out of the 273 lesions, 185 were discordant, and 85 concordant between 18F–PSMA-1007 and 18F-FDG PET/CT. When making a summation of the discordant and concordant lesions between both radiotracers, results demonstrate that dual 18F–PSMA-1007 and 18F-FDG PET/CT detected a total of 270/273 which corresponds to 98.9% of all lesions visualized by CT. 18F AlF-NOTA-Octreotide PET/CT showed a low detection rate (See Figure 4 and Figure 5). A therapy and PSA correlation analysis per patient was also performed, as well as lesion detection rate according to PSA levels (Figure 6 and Figure 7).



The 273 lesions were observed by CT, however, only 22.34% (n = 61) of them were measurable according to RECIST 1.1 criteria. The mean size was 18 mm (IQR 14–37 mm).



The analysis revealed that the mean SUVmax for 18F-FDG was 6.4 (IQR 4.9–9.3), 6.75 for 18F–PSMA-1007 (IQR 4.5–9.4) and 4.6 for 18F AlF-NOTA-Octreotide (IQR 2.8–4.4) (see Figure 8 and Figure 9).




4. Discussion


NEPC is an aggressive subtype of prostate cancer that may arise de novo or manifest in the later stages of prostate cancer, characterized by focal neuroendocrine features due to epigenetic alterations conditioned by multiple therapies. This subgroup of patients is often treated with chemotherapy (platinum-based), given their pathological and molecular similarities with small cell lung carcinoma (SCLC). Under this premise, the National Comprehensive Cancer Network (NCCN) guidelines currently take into consideration a new biopsy of metastatic lesions, in any patient with CRPC to look for t-NEPC transformation [18]. Rapid worsening of performance status, low serum PSA despite high tumour burden, visceral metastases (particularly lung and liver) and osteolytic bone metastases, should lead physicians to suspect NE differentiation of prostate cancer either de novo or as CRPC [19].



Molecular imaging characteristics in t-NEPC are poorly defined; however, they may help guide further diagnosis, knowing when to perform a biopsy, therapy of choice, and assessment to therapeutic response. In this study, we reviewed the clinical and molecular imaging features of a cohort of patients with t-NEPC, to provide insights into lesions detection, cellular heterogeneity, prognosis, and other variables that may aid in clinical management.



Multitarget molecular imaging is now available for the evaluation of prostate cancer and neuroendocrine differentiation. PSMA-targeted inhibitors imaging and therapy are transforming the landscape of PCa management [20,21]. Despite the great impact and evolution that PSMA has had, there are clinical reports that suggest that PSMA-targeted imaging does not visualize NEPC tumours. Studies have demonstrated that AR regulate the expression of FOLH1, which is the gene responsible for encoding the transmembrane protein prostate-specific membrane antigen; also, the induction of lineage plasticity by AR inhibition leads to neuroendocrine differentiation and PSMA suppression [22,23]. In our study 18F–PSMA–1007 PET/ CT detected a significant number of lesions, especially bone metastases, with an even better detection rate than 18F–FDG PET/ CT at these specific sites, which could be possibly explained by the identification of mixed histologic subtypes. Tumoural heterogeneity plays an important role in this context. Although patients in this study underwent biopsy of a single metastatic site, and heterogeneity across different metastatic sites in the same patient was not evaluated by biopsy, molecular imaging findings suggest that mixed histologies were prevalent in most of our patients and that an adenocarcinoma component could lead to higher affinity to osseous sites. Rahul Aggarwal et al., in a multi-institutional prospective study, demonstrated that treatment-induced small-cell neuroendocrine prostate cancer is present in nearly one-fifth of patients with mCRPC (which is associated with shortened survival), that neuroendocrine differentiation is a heterogeneous process, and that the identification of molecular characteristics may provide a basis for tumour classification, clinical recommendations and future development of therapies [24].



Assessing tumoural heterogeneity by molecular imaging using 18F –FDG PET/ CT, has been studied in some recent case reports, with excellent metastases detection rates (up to 95%), specifically the visceral and nodal metastases in NEPCs [25,26]. Interestingly, Thang et al. screened patients with 68Ga-PSMA-11 and 18F-FDG PET, identifying subjects with low PSMA expression and high glycolytic metabolism. These same findings were correlated in a different study, with a serum level of PSA, where it was exhibited that in men with low PSA levels, 18F-FDG uptake was higher [27,28]. In our population, 18F-FDG PET/CT detected the most lesions among all radiotracers, especially in visceral sites with a 98% detection rate, in which 18F–PSMA–1007 PET/ CT only detected 17%. This correlates with findings presented by Bakht et al., where they evaluated the differential expression of glucose transporters and hexokinases in prostate cancer with a neuroendocrine gene signature and demonstrated that neuroendocrine gene signature associates with a distinct transcriptional profile of GLUTs and hexokinases. PSMA suppression correlates with GLUT12 suppression and glucokinase upregulation. Alteration of genes that are associated with a higher 18F-FDG uptake, correlated positively with higher glucose uptake in both AR and PSMA suppressed tumours [29]. These results show that aggressive prostate cancer subtypes transform into higher glucose metabolism tumours and make it possible for 18F-FDG PET/CT to detect more lesions than PSMA PET/ CT.



Another novel radiotracer that has gained usage is positron-emitting somatostatin analogue, which bind to somatostatin receptors (SSRTs) with high affinity to well-differentiated neuroendocrine tumours [30]. Usmani et al. reported a case that showed the significance of somatostatin receptors scintigraphy in the detection of neuroendocrine differentiation of metastatic prostate cancer [31]. In another study DOTATATE PET/ CT showed high uptake in mCRPC and in suspected or known NEPC patients; also, Gofrit et al., studied a metastatic group of patients, previously treated with ADT, where 50% of patients showed a moderate or high tracer uptake with 68Ga-DOTATATE PET/ CT [13,32]. These findings do not correlate with our cohort of patients. Our results showed that 18F AlF-NOTA-Octreotide PET/CT in t-NEPC patients had low detection rate, as well as low uptake of the radiotracer in metastatic lesions, suggesting somatostatin analogues PET/ CT has no significant utility for diagnostic nor benefit from radionuclide therapy in this group of patients. Radionuclide therapy possibility has also been studied by Amir Iravani et al. in five patients with t-NEPC in which none of them were suitable for PSMA or SSTR-based radionuclide therapy, neither a combination of them, because none of the radiotracers managed to target all sites of the disease, due to the discordant 18F-FDG-avid disease sites and tumour heterogeneity [33].



In our results, the interpatient analysis of the lesions showed alluring data: there was a total of 185 discordant and 85 concordant lesions between 18F–PSMA-1007 and 18F-FDG PET/CT. When making a summation of the discordant and concordant events of both radiotracers, it was obtained that dual PET/CT tracer detected 98.9% of all the lesions visualized by CT; only three lesions were not visualized by PET, which corresponded with sclerotic bone areas that could be explained by non-active disease. It was also demonstrated that only 22.34% of the lesions observed by CT were measurable according to RECIST 1.1 criteria, which represents a problem when assessing treatment response in this group of patients; thus, molecular imaging may have a better performance in this setting.



We recognize several limitations of our study, including the retrospective non-randomized design, the limited amount of patients, few analysed metastatic biopsies with molecular data available and the lack of genomic profiles. Although we had a narrow number of patients evaluated, this was compensated by the quantity of lesions observed. This study describes, to the best of our knowledge, the experience with the biggest cohort regarding multitarget molecular imaging in t-NEPC patients, in order to provide new insights into the clinical hallmarks. Finally, based on these results, we consider that 18F-FDG PET/CT could be performed at the moment that t-NEPC is clinically suspected, especially in patients with visceral lesions with no PSMA expression, in order to evaluate tumoural heterogeneity, guided biopsy, assessment of treatment response, and overall management of patients with NEPC. It is also important to state that biopsy may lead to diverse complications, essentially in susceptible organs (lung, liver, etc.), not to mention its low sensitivity when it comes to bone lesions, along with the high costs implied; therefore, looking forward into the near future, molecular imaging with PET/ CT could manage to improve diagnostic accuracy, with the advantage of a non-invasive procedure, but future prospective studies should be performed.




5. Conclusions


T-NEPC patients demonstrated wide inter and intrapatient molecular imaging heterogeneity by 18F–PSMA-1007, 18F AlF-NOTA-Octreotide, and 18F-FDG PET/CT. 18F-FDG detected most lesions among all radiotracers, especially in visceral sites, even though 18F–PSMA-1007 detected more bone lesions. 18F AlF-NOTA-Octreotide showed no significant utility. This study shows that dual tracer PSMA and FDG PET/CT could be performed to identify tumoural heterogeneity and active disease in clinically t-NEPC suspected patients.
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Figure 1. Patient number 2: (A) Image of a slide of the initial biopsy, with a 20x zoom, stained with hematoxylin and eosine (H&E), revealing a prostate mucinous adenocarcinoma, in which mucinous component is predominantly composed of cribriform glands, with a Gleason score of 8 (4 + 4). (B) Image of a pulmonary metastasis biopsy of the same patient, performed after therapy, also stained with H&E, with a 10x zoom lens, showing a neoplastic lesion, with an organoid pattern (sheet–like tumor nests); cells are large, with a variable shaped nuclei, fine granular chromatin, and a small nucleolus, scant clear to eosinophilic cytoplasm, some cells with marked pleomorphism, atypical mytotic figures, and apoptotic bodies. (C) Ki67 immunohistochemistry (IHC), evidentiating a positive nuclear reaction in 70% of the cells, with an intense and diffuse granular cytoplasmatic staining. (D) Synaptophysin positive IHC. 
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Figure 2. Patient number 4, a 54-year-old male, with an initial histopathological report of prostate adenocarcinoma, and a Gleason score of 9 (4 + 5). He was treated with surgical transurethral resection of the prostate + androgen deprivation therapy + chemotherapy. Site of second biopsy was post-surgical prostate bed, with a confirmatory report of neuroendocrine carcinoma (positive immunohistochemistry for chromogranin and synaptophysin). Time lapse to neuroendocrine differentiation was 15 months, with a PSA value of 137.3 ng/dL when NED was detected. In the illustrations, multiple hepatic lesions are appreciated, all of them with an increase of the glycolytic metabolism, with no evidence whatsoever, of expression of PSMA nor somatostatin receptors, by molecular imaging. 
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Figure 3. Percentage of lesions detected by 18F-PSMA-1007, 18F-FDG and 18F-AlF-Nota Octreotide by regions. 
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Figure 4. Patient number 7, a 67-year-old male, with an initial histopathological report of prostate adenocarcinoma, Gleason score 8 (4 + 4). Treated with androgen deprivation therapy + chemotherapy. Site of second biopsy was in a liver lesion, with a confirmatory histopathological report of neuroendocrine carcinoma (positive immunohistochemistry for chromogranin and synaptophysin). Time lapse to neuroendocrine differentiation (NED) was 48 months, with a PSA value of 19.8 ng/dL at the time of diagnosis. The image shows the maximum intensity projection of the three radiotracers (18F AlF-NOTA-Octreotide, 18F–FDG and 18F–PSMA-1007) with multiple hepatic lesions and focal uptake of 18F-FDG PET/CT; PSMA and somatostatin analogues didn’t evidentiate radiotracer uptake. The image also displays bone metastases in left iliac bone and sacrum, both PSMA avid. 
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Figure 5. Lesions detection analysis per patient. Total lesions detected by CT were 273 (100%). Total lesions detected by dual PET/CT (18F-FDG + 18F-PSMA-1007) were 270 (98.9%). 
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Figure 6. Therapy and PSA correlation analysis per patient. 
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Figure 7. Lesions detection rate according to PSA levels. 
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Figure 8. Patient number 3, a 77-year-old male, with an initial histopathological report of prostate adenocarcinoma, Gleason score 9 (4 + 5). Treated with androgen deprivation therapy + chemotherapy. Site of second biopsy was in left iliac bone, with a confirmatory histopathological report of neuroendocrine carcinoma (positive immunohistochemistry for chromogranin and synaptophysin). Time lapse to neuroendocrine differentiation was 48 months, with a PSA value of 0.003 ng/dL at the time of diagnosis. The image shows the maximum intensity projection of the three radiotracers (18F AlF-NOTA-Octreotide, 18F–FDG and 18F–PSMA-1007) with multiple lung nodules, a single liver metastasis and osteoblastic lesions with high glycolytic metabolism in molecular imaging. 18F–PSMA-1007 and 18F AlF-NOTA-Octreotide PET/CT showed diffuse uptake of the radiotracer in described lesions. 
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Figure 9. Box-plot diagram of SUVmax in the different radiopharmaceuticals. 
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Table 1. General characteristics of the patients.
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	Patient
	Age (Years)
	Initial HPE 1
	Gleason
	Treatment
	Type of Treatment
	Second HPE 1
	Site of 2° Biopsy
	Time to NED 2
	PSA 3 (ng/dL)





	1
	75
	Pac 4
	9 (4 + 5)
	Sx 6 RP 7 + ADT 9+ ChT 10
	Enzalutamide,

Gosereline,

Docetaxel,

Cabazitaxel,

Carboplatin
	NEC 11
	Bone
	108
	13.5



	2
	59
	PMAc 5
	8 (4 + 4)
	ADT + ChT
	Bicalutamide,

Leuprorelin,

Docetaxel,

Abiraterone,

Etoposide,

Carboplatin
	LCNEC 12
	Lung
	14
	0.2



	3
	77
	PAc
	9 (4 + 5)
	ADT + ChT
	Goserelin,

Docetaxel,

Etoposide,

Carboplatin
	NEC
	Bone
	48
	0.003



	4
	54
	PAc
	9 (4 + 5)
	Sx TURP 8 + ADT + ChT
	Degarelix,

Abiraterone,

Docetaxel,

Carboplatin,

Etoposide,

Irinotecan
	NEC
	Post Sx Bed/Prostate
	15
	137.3



	5
	66
	PAc
	9 (4 + 5)
	ADT + ChT
	Goserelin,

Docetaxel,

Abiraterone,

Enzalutamide,

Cabazitaxel
	NEC
	Prostate
	24
	157



	6
	86
	PAc
	9 (5 + 4)
	Sx TURP + ADT + ChT
	Leuprorelin,

Bicalutamide,

Etoposide,

Docetaxel,

Carboplatin
	LCNEC
	Post Sx Bed/Prostate
	13
	5.3



	7
	67
	PAc
	8 (4 + 4)
	ADT + ChT
	Degarelix,

Goserelin,

Abiraterone,

Docetaxel,

Enzalutamide,

Cabazitaxel
	NEC
	Liver
	48
	19.8



	8
	86
	PAc
	9 (5 + 4)
	ADT + ChT
	Bicalutamide,

Goserelin,

Abiraterone
	NEC
	Prostate
	36
	140







1 HPE = Histopathological Examination| 2 Time elapsed until NED (in months)| 3 PSA = Serum Prostate Specific Antigen at NEDPC diagnosis| 4 PAc = Prostate Adenocarcinoma| 5 PMAc = Prostate Mucinous Adenocarcinoma| 6 Sx = Surgical/ Surgery| 7 RP = Radical Prostatectomy| 8 TURP = Transurethral Resection of the Prostate| 9 ADT = Androgen Deprivation Therapy| 10 ChT = Chemotherapy| 11 NEC= Neuroendocrine Carcinoma| 12, LCNEC: Large Cell Neuroendocrine Carcinoma.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
] =





media/file4.png
~






nav.xhtml


  diagnostics-12-01387


  
    		
      diagnostics-12-01387
    


  




  





media/file18.png
SUVmax of 8F - FDG - PET/ CT, 1 F - PSMA -1007 - PET/ CT and
18 F — AIF - NOTA - Octreotide - PET/ CT in any given location

SUVmax

30

25

20

15

10

——

B #*F-FDG [J] ®*F-PSMA-1007 [I] 8F- AIF-NOTA - Octreotide






media/file16.png





media/file2.png
B A T .
e
\\'\\‘vq ﬁ'-“

)

Ay

Pi

L

G0

yI7 LNy :./“- W -

LA \J"‘\“
» .






media/file5.jpg





media/file3.jpg





media/file1.jpg





media/file7.jpg





media/file10.png
70.00

10.00

0.00

44
0 4040
38
24 2424 24
21
i 17
13
1 11 1n
7
4 -
1 B0

Patient 1

- 18F-FDG

Patient 2

H18 F - PSMA - 1007

4949

36 36

Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8

W18 F - AlIF- NOTA - Octreotide

® DUAL PET CT (FDG + PSMA)

® TOTAL LESIONS





media/file12.png
Patient 8

Patient 7

Patient 6

Patient 5

Patient 4

Patient 3

Patient 2

Patient 1

PET PSMA - 1007
PET FDG
PET AIF = NOTA - Ocreotide

59.15

PSMA -1007

nﬁi
PET AIF - NOTA - Ocreotide

= Sx Treatment
® Degarelix
m Docetaxel
- Etoposide

PET PSMA - 1007
PET FDG
PET AIF - NOTA - Ocreotide

PET PSMA - 1007
PET FDG

20

PET AIF = NOTA - Ocreotide

PSA: Not known (NK)

40

M Surveillance

®m Bicalutamide

m Cabazitaxel

m Carboplatin/Etoposide

PET PSMA - 1007
PET FDG
PET AIF - NOTA - Ocreotide

PET PSMA - 1007
PET FDG
PET AIF - NOTA - Ocreotide

60 80
Time in months
® Goserelin
® Abiraterone
® Irinotecan
u Carboplatin/Docetaxel

~NOTA - Ocreotide

PET PSMA - 1007

{’BTFDG

PET AIF

W Leuprorelin

®m Enzalutamide

m Carboplatin

® Leuprorelin/Bicalutamide

120





media/file9.jpg
AT Dials  SHTMEtSSAND: SISO





media/file0.png





media/file14.png
Not seen by PET

Match FDG+ | PSMA+

Mismatch PSMA+ | FDG-

Mismatch PMSA - | FDG +

(=]

10

20

40
mPSA <20

50
mPSA >20

100





media/file8.png





media/file11.jpg





media/file6.png
%

100

70

30

20

10

66.67

63.64
21.61

Total Lesions

98.78
85.54

83.33
5241
50
27.71
22.22
17.07
9.76

Osseous Visceral Nodal Prostate & Post Sx
Prostate Bed

Bl »r-psma-1007 ] #F-rDG [ ** F- AIF - NOTA - Octreotide

0 0

Seminal Vesicles





media/file15.jpg





media/file17.jpg
SUVmax of ¥ F - FDG - PET/ CT, *® F - PSMA - 1007 - PET/ CT and
18 F - AIF - NOTA - Octreotide - PET/ CT in any given location

SUVmax

Bl

25

2

5

0

=

[ #F-F0G [ #F-PSMA 10w [ #F- AIF-NOTA- Ocrcotide






