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Bladder cancer (BC) is ones of the most common cancer worldwide. It is classified in muscle invasive (MIBC) and muscle non-invasive (NMIBC) BC. NMIBCs frequently recur and progress to MIBCs with a reduced survival rate and frequent distant metastasis. BC detection require unpleasant and expensive cystoscopy and biopsy, which are often accompanied by several adverse effects. Thus, there is an urgent need to develop novel diagnostic methods for initial detection and surveillance in both MIBCs and NMIBCs. Multiple urine-based tests approved by FDA for BC detection and surveillance are commercially available. However, at present, sensitivity, specificity and diagnostic accuracy of these urine-based assays are still suboptimal and, in the attend to improve them, novel molecular markers as well as multiple-assays must to be translated in clinic. Now there are growing evidence toward the use of minimally invasive “liquid biopsy” to identify biomarkers in urologic malignancy. DNA- and RNA-based markers in body fluids such as blood and urine are promising potential markers in diagnostic, prognostic, predictive and monitoring urological malignancies. Thus, circulating cell-free DNA, DNA methylation and mutations, circulating tumor cells, miRNA, IncRNA and mRNAs, cell-free proteins and peptides, and exosomes have been assessed in urine specimens. However, proteomic and genomic data must to be validated in well-designed multicenter clinical studies, before to be employed in clinic oncology.
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INTRODUCTION

Bladder cancer (BC) represents the 9th and 4th most common cancer worldwide and in men in the USA, respectively (1, 2). Its main histological type is urothelial carcinoma (UC). About 70–80% of BC is diagnosed as non-muscle invasive BC (NMIBC) and 20–30% as muscle invasive (MIBC). Because 10–30% of patients with NMIBC progress to invasive disease (3–8), early diagnosis and early detection of recurrence are very important. BC diagnosis requires cystoscopy and biopsy, which are unpleasant and costly procedures (9). It is necessary to develop new diagnostic methods less invasive and expensive for BC diagnosis and surveillance. The Food and Drug Administration (FDA) has approved the use of multiple urine-based tests that are commercially available. However, none of these tests has been routinely used and incorporated in the American Urological Association or in the European Association of Urology clinical guidelines for BC treatment (10). In this mini-review we discuss the clinical implementation by the use of novel molecular approaches and liquid biopsy in BC.

At present, the gold standard methods for BC diagnosis are urine cytology and cystoscopy. Cytopathology of urine specimens is the widely used non-invasive test for detection and surveillance of BC (11–13). Cytology is very specific (about 86%), but it is low sensitive (48%) limiting its use in low-grade BC (14–16). Diagnostic accuracy of urinary cytology is subjective, depending on cytopathologist expertise (17). Thus, new molecular-based urinary tests for reducing or substituting, the endoscopy frequency in BC recurrence patients, are required (18, 19).

Advanced technology utilizes patients' urine as samples instead of primary BC tissues to identify novel predictive biomarkers. At present, the major problem is to translate the extensive proteomic and genomic data in clinical practice and to validate the expression of these biomarkers in well-designed multicenter clinical studies (20).

PROTEOMIC AND PEPTIDOMIC ANALYSIS

Proteomic analyses have opened a new horizon for cancer biomarker discovery (21). At present, seven tests are available: FDA approved six on seven of these tests, and the last one is in agree with the Clinical Laboratory Improvement Act standards. NMP22, NMP22 BladderChek, and UroVysion have FDA approval for BC diagnosis and surveillance; immunocytology (uCyt+), BTA-TRAK, and BTA-STAT have been approved only for surveillance (22–26).

In order to improve sensitivity, specificity and diagnostic accuracy in BC diagnosis, novel protein markers, waiting to be approved, are used experimentally. BCLA-1 and BCLA-4 are nuclear matrix proteins specifically targeting BC tissues, with no interference with infection, smoking, catheterization or cystitis (27). In patients with hematuria, aurora A kinase (AURKA) discriminates between low-grade BC vs. normal patients (28). The Aura Tek FDP Test™ in urine can detect BC recurrence (29). The activated leukocyte cell adhesion molecule (ALCAM), a cell adhesion molecule (30), positively correlates with tumor stage and overall survival (OS), after adjusting for patients, clinical features and Bacillus Calmette-Guerin treatment (31). Nicotinamide N-methyltransferase is high in BC patients and correlate with histological grade (32). Apurinic/apyrimidinic endonuclease 1/redox factor-1 (APE/Ref-1) levels are higher in BC, respect to non-BC, and correlate with tumor grade and stage; moreover it is high also in patients with recurrence history of BC (33). The cytokeratin-20 (CK20) urine RT-PCR assay shows 78–87% sensitivity and 56–80% specificity for urothelial BC detection, with improved diagnostic accuracy in tumor progression (34) but it has poor performance for low-grade tumors. Higher levels of CK8 and CK18 was detected in the urine by UBC Rapid test in high- vs low-grade BC (35).

As multiple markers for BC detection, increased urinary levels of apolipoprotein A1, A2, B, C2, C3, E (APOA1, APOA2, APOB, APOC2, APOC3, APOE) were found in BC relative to healthy controls (36, 37). A signature of 4 urinary fragments of uromodulin, collagen α-1 (I), collagen α-1 (III), and membrane-associated progesterone receptor component 1 seems to discriminate MIBCs from NMIBCs (38). Other panel employs IL-8, MMP-9/10, ANG, APOE, SDC-1, α1AT, PAI-1, VEGFA, and CA9 to diagnose BC starting from urine samples (39). The advantage of these multi-urinary protein biomarkers was evident in high- and low-grade and high- and low-stage disease (39). The combination of urinary markers such as midkine (MDK) and synuclein G or MDK, ZAG2 and CEACAM1 (40), angiogenin and clusterin (41) evaluated by immunoassay and urine cytology increases the sensitivity and specificity in NMIBC diagnosis (40). Increased CK20 and Insulin Like Growth Factor II (IGFII) levels were detected in the urine sediments of NMIBC patients compared to controls (42). Increased levels of urinary HAI-1 and Epcam evaluated by ELISA, are prognostic biomarkers in high-risk NMIBC patients (43). Urinary survivin evaluated by chemiluminescence enzyme immunoassay correlates with tumor stage, lymph node and distant metastases and represents a potential marker for preliminary BC diagnosis (44). Snail overexpression represents an independent prognostic factor for tumor recurrence in NMIBC (45). Finally, specific glycoproteins were identified by glycan-affinity glycoproteomics nanoplatforms in the urine of low- and high-grade NMIBC; among these, increased urinary CD44 levels were evidenced in high-grade MIBC (46).

Urinary metabolomics signature could also be useful in early BC. By ultra-performance liquid chromatography time and mass spectrometry, imidazole-acetic acid was evidenced in BC (47). Moreover, acid trehalose, nicotinuric acid, AspAspGlyTrp peptide were upregulated; inosinic acid, ureidosuccinic acid and GlyCysAlaLys peptide were downregulated in BC, but not in normal cohort (48). A metabolite panel with indolylacryloylglycine, N2-galacturonyl-L-lysine and aspartyl-glutamate permits to discriminate high- vs. low-grade BC (49). In addition, the alteration of phenylalanine, arginine, proline and tryptophan metabolisms was evidenced by UPLC-MS in NMBIC (50).

CIRCULATING TUMOR AND CELL-FREE DNA

Tumors release DNA fragments into circulation, called circulating tumor DNA (ctDNA) containing tumor-specific mutations, variations of copy number and alterations in DNA methylation status. This ctDNA reflects the heterogeneity of tumor subclones. In BC patients, ctDNA is detectable in over 70% of urine samples (51) and it allows to discriminate between BC patients and control subjects (52). CtDNA measures about 180 and 200 base pairs. It is easily accessible, but it is rapidly cleared from circulation following systemic therapy (53). PCR-based approaches, and more recently, digital-PCR and genome sequencing, represent the methods of choice for cell-free DNA (cfDNA) analysis.

DNA Methylation

The methylation status of tumor-related genes represents a very important epigenetic alteration affecting cancer initiation and progression. Hyper- and hypo-methylated regions are identified in BC and in premalignant lesions. Alterations in DNA methylation status are chemically stable, develop early during tumorigenesis and can be assessed in circulating cfDNA fragments and in cells shed into the urine (54). A significant prevalence of methylated genes, for example APC and cyclin D2, was found in the urine from malignant vs. benign cases (55). Hyper-methylation in GSTP1 and RARβ2 and APC genes has been identified in the urine from BC patients (56). The evaluation of Twist Family BHLH Transcription Factor 1 (TWIST1) and NID2 genes methylation status in urine permits to differentiate primary BC patients from controls with 90% sensitivity and 93% specificity (57). In addition, the evaluation of the methylation status of NID2 and TWIST1 or CFTR, SALL3 and TWIST1 genes in urinary cells in combination with cytology, has been found to increase sensitivity and high negative predictive value in BC patients (58, 59). The analysis of 1,370 loci specific DNA methylation patterns seem to permit to distinguish NMIBC from MIBC (60). Sun and coworkers demonstrated higher recurrence predictivity than urine cytology and cystoscopy (80 vs. 35 vs. 15%) by using SOX-1, IRAK3, and Li-MET genes methylation status from urine sediments of BC patients (54). POU4F2 and PCDH17 methylation levels in urine distinguish BC from normal controls with 90% sensitivity and 94% specificity (61). Promoter hyper-methylation of HS3ST2, SEPTIN9 and SLIT2 genes combined with FGFR3 mutation showed 97.6% sensitivity and 84.8% specificity for diagnosis, surveillance and risk stratification in low- or high-risk NMIBC patients (62). Finally, the methylation status of p14ARF, p16INK4A, RASSF1A, DAPK, and APC tumor suppressor genes has been found to correlate with BC grade and stage (63).

Altogether, although promising results were obtained, accuracy of urinary methylated DNA is variable and results still await validation studies and complementary markers for clinical implementation (64, 65). In this regard, the recent introduction of the methylation-sensitive High Resolution Melting and Methylated CpG Island Recovery methods could further increases the sensitivity for the detection of methylome in BC urine (Table 1) (72, 73).


Table 1. Urinary tumor-derived DNAs as biomarkers in BCs.
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cfDNA, Mutation and Microsatellite Alterations

Since tumor-derived DNA can be released into circulation and mutations in cfDNA can be detected in various biological fluids, their use as non-invasive cancer biomarkers has been proposed. Urinary TERT promoter mutations, that occur early in urothelial neoplasia, FGFR3 mutation and telomere length correlate with high-risk BC recurrence (66, 67). TERT, evaluated by telomeric repeat amplification protocol, in combination with FGF3 and OTX1 shows high sensitivity in NMIBCs as well as in pT1 tumors and in high-grade BC (68). In addition, increased FGFR3 and PIK3CA mutated DNA levels in urine has been found to be indicative of progression and metastasis in NMIBC (69). Microsatellite analysis in circulating DNA of BC patients targets highly polymorphic, short tandem repeats. Loss of heterozygosity (LOH) analysis is more sensitive than urine cytology (97 vs. 79%), particularly for low-grade BC diagnosis. It also significantly improves the detection of low-grade and low-stage BC, with 95% sensitivity for G1-G2 grades and 100% for pTis and pTa tumors (Table 1) (74).

Histone Tail Modifications

The levels of histone methylation are lower in advanced tumors respect to controls and correlated to poor survival. Thus, increased levels of HAK20me3 were evidenced in a MIBC subset (70); furthermore high H3K27me3 levels correlate with worse survival after cystectomy in pT1-3 and pN- BC patients (71). H2AFX1 gene methylation was detected in paraffin-embedded BC and its expression correlated with increased recurrence rates (Table 1) (75).

URINARY TUMOR RNA

Several RNA classes, messenger RNAs (mRNAs), microRNAs (miRs) and long non-coding RNAs (lncRNAs), have been recognized as potential non-invasive cancer biomarkers (76). Altered levels of circulating RNAs in cancer, which returned to normal following surgery have been reported (77), suggesting release of RNA molecules from tumors.

miRNAs (miRNAs)

miRNAs are short (21–23 nucleotides length) non-coding RNAs regulating gene expression by pairing to the 3′untranslated region (UTR) of their target mRNA. Several miRNAs have been found to play an important role in tumorigenesis, progression and metastasis of cancer cells (78, 79). Urine seems to be a good source for miRNA detection for its content of cell-free nucleic acid in supernatant or sediments (80). However, the diagnostic significance in the detection of miRs in urine as respect to blood of BC patients is controversial (81). MiR-126 urinary levels were found to be enhanced in BC compared to healthy controls (82). Urine miR-146a-5p is significantly increased in high-grade BC (77). Low miR-200c expression correlates with tumor progression in NMIBCs (83). Chen et al. detected 74 miRNAs, of which 33 upregulated and 41 downregulated in BC compared to healthy patients (84). The most interesting are let-7miR, mir-1268, miR-196a, miR-1, miR-100, miR-101, and miR-143 (84). MiR-200 was identified as epithelial–mesenchymal transition regulator in BC cells by targeting Zinc Finger E-Box Binding Homeobox 1 (ZEB1), ZEB2 and Epidermal growth factor receptor (EGFR) (85). Some miRNAs have been associated with hemolysis including miR-451a, miR-16, miR-486-5p, and miR-92a (86). Eissa et al. by screening BC patients with negative cystoscopy, identified miR-96 and miR-210 in BC (87). Sapre et al., by using a panel of 12 miRNA, reduced the cystoscopy rates by 30% by increasing sensitivity and specificity (88). MiR-125b, miR-30b, miR-204, miR-99a, and miR-532-3p were downregulated in BC patient's urine supernatant, with miR-125 levels (95.7% specificity, 59.3% sensitivity) (89). MiR-9, miR-182 and miR-200b correlated with MIBC aggressiveness, recurrence-free and OS (90). MiR-145 distinguishes NMIBCs from non-BCs (91). MiR-144-5p inhibited BC proliferation, affecting CCNE1, CCNE2, CDC25A, PKMYT1 target genes (92). Cell-free urinary miR-99a and miRNA-125b were found to be downregulated in the urine supernatants of BC patients (sensitivity 86.7%; specificity 81.1%) (93). Urinary levels of miR-618 and miR-1255b-5p in MIBC patients were increased in comparison to controls (94). Multiple miRNA assay shows higher diagnostic performance than single RNA assay (95). By whole genome analysis increased miR-31-5p, miR-191-5p and miR-93-5p levels were identified in the urine of BC patients as compared to controls (96).

Recently, a miRNA profile, identified in urine by next-generation sequencing (NGS) analysis, has been capable to stratify different BC subtypes (97). In NMIBC G1/G2 patients a miR-205-5p upregulation compared to controls was observed. Among NMIBC G3, upregulation of miR-21-5p, miR-106b-3p, mir-486-5p, miR-151a-3p, miR-200c-3p, miR-185-5p, miR-185-5p and miR-224-5p and downregulation of miR-30c-2-5p and miR-10b-5p were observed. In MIBCs, miR-205-5p, miR-451a, miR-25-3p and miR-7-1-5p were upregulated, while miR-30a-5p was downregulated compared to controls (97). The application of NGS have increased the diagnostic accuracy. However results obtained in NGS were only partially overlapping with that obtained by qRT-PCR (98) (Table 2).


Table 2. Urinary tumor-derived RNAs as biomarkers in BCs.
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Long Non Coding RNAs (IncRNAs)

Long non coding RNAs (lncRNAs) regulate gene expression or epigenetic levels. Several findings show lncRNA changes in cancers suggesting a role in the promotion of tumor development and progression (105, 106). The use of lncRNAs as non-invasive BC marker has recently interested (107). Circulating urothelial carcinoma antigen 1 (UCA1) levels in urinary sediments represents a potential diagnostic marker for UC, with 81% sensitivity and 92% specificity (108). Du et al. describe high uc004cox.4 IncRNA level association with poor recurrence-free survival in NMIBCs (102). The retrotrasposome, long interspaced element-1 (LINE-1) has been found to be hypo-methylated and its expression was associated with long recurrence-free and tumor specific survival in BC (109) (Table 2).

Messenger RNAs (mRNAs)

Circulating messenger RNAs (mRNAs) were detected in cancer patients, although the majority of circulating mRNAs are degraded by RNases (110). Given their role in intracellular protein translation, their presence reflects the status of intracellular processes and they are potential cancer biomarkers. Urine Ubiquitin Conjugating Enzyme E2 C (UBE2C) mRNA levels were higher in BC patients, compared to normal and hematuria specimens (111). The expression of isoleucine glutamine motif-containing GTAase-activating proteins (IQGAP3) mRNA in urine was found higher in BC than in controls (112). Further analysis of IQGAP3, with respect to tumor invasiveness and grade also yielded a high diagnostic accuracy, suggesting that IQGAP3 can be used to discriminate BC from non-BC patients with hematuria (112).

In regard to mRNAs extracted by exfoliated urinary cells, the Xpert BC Monitor measuring ABL1, corticotropin releasing hormone (CRH), IGF2, uroplakin 1B (UPK1B), annexin A10 (ANXA10) mRNAs by RT-PCR, increased the overall sensitivity over urinary cytology in low-grade and pTa disease (113).

In addition, the presence of carbonic anhydrase 9 (CAIX) splice variant mRNA in the urine, increased the diagnostic performance for BC (90% sensitivity and 72% specificity) (114). The downregulation of N-Myc downstream-regulated gene 2 (NDRG2) mRNA levels in the urine of BC patients correlated with tumor grade and stage (99) (Table 2).

Transfer RNA Fragments (tRFs)

Elevated levels of transfer RNA fragments (tRF) are found in cancer (115). tRF are 14-32 base long single-stranded RNA derived from mature o precursor tRNA. They are grouped into 3 classes (tRF-1, −3, and −5) and, depending of their cleavage site within a mature RNA, they are further divided in 5 subclasses. The first identified tRF in NMIBCs was miR720/3007a (101) (Table 2).

EXTRACELLULAR VESICLES (EVS) AND EXOSOMES

Extracellular Vesicles (EVs) enrichment was found in BC patient urine. EVs, analyzed by MS based proteomics, demonstrated specific protein and miRNAs pattern in BC patients (116). By using a microarray platform and RT-PCR analysis, miR-375, and miR146a have been found to specifically identify high-grade and low-grade BC, respectively (100). The application of nanowires anchored into a microfluidic substrate will enable the efficiency of EV collection, thus permitting to identify EV harboring miRNAs (117).

Exosomes are membrane vesicles secreted in nearly all body fluids at elevated levels in cancer patients relative to healthy subjects (118, 119). They realize intercellular communication through transferring distinct biologically active molecules (RNAs, DNA, and proteins), thus influencing the therapeutic responses. The HOX transcript antisense RNA (HOTAIR) together with other IncRNA, such as HOX-AS-2, ANRIL, and linc-RoR, were augmented in urinary exosomes from high-grade MIBC patients (103). Loss of HOTAIR expression in BC cells alters the expression of SNA1, TWIST1, ZEB1, ZO1, MMP-1, Laminin Subunit Beta 3 (LAMB3), and Laminin Subunit Gamma 2 (LAMC2) epithelial-to mesenchymal transition genes. Moreover, the tumor-associated calcium-signal transducer 2 (TACSTD2) was found in BC exosomes by proteomic analysis (104). EVs can also promote BC progression by delivering the protein EGF-like repeat and discoidin I-like domain-containing protein-3 (120).

Exosomes in urine also contain miRNAs, in particular miR-1224-3p, miR-135b, and miR15b; in particular, miR-126/miR-152 ratio correlated with positive BC diagnosis (121) (Table 2).

Although EVs and exosomes represent an interesting source of cancer biomarkers, the lack of accurate isolation and detection methods affects their utilization in practice. In the next future, the development of sensitive capture platforms for exosomes, likely increases their introduction into clinic.

URINARY MICROBIOME

Dysbiosis of urinary microbiome has been suggested to be involved in bladder tumorigenesis. Recently, Wu et al. by analyzing DNA extracted by urine pellets, observed specific enrichment of Acinetobacter, Anaerococcus, and Sphingobacterium in BC cohort as respect to controls (122). Moreover, the increase of Herbaspirillum, Porphyrobacter, and Bacteroides in high-risk BC patients suggested that these genera may represent new potential biomarkers (122).

CONCLUSIONS AND PERSPECTIVES

We provide the state of art into the use of urinary biomarkers as tool to aid diagnosis of BC. Urine cytology, utilized for decades, shows poor sensitivity, particularly for low-grade tumors. The addition of immunoassay and FISH analysis has provided an additional diagnostic armamentarium to determine which patients may need further evaluation. At present, there are growing evidence toward the use of “Liquid Biopsy” to identify urinary biomarkers such as circulating cell-free DNA, DNA methylation, miRNA, cell-free proteins/peptides and exosomes, useful for discriminating NMIBC from MIBC (123). The potential introduction of “smart toilets” working with a more advanced “nano-sensor” able to detect RNA and proteins in urine is close to reality, more that we think (124). However, now in clinical reality, there is an urgent need to validate the recently discovered extensive proteomic and genomic, epigenomic, transcriptomic and metabolomic data as urinary biomarkers in well-designed multicenter clinical studies (125, 126).
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GSE37317

TCGA miRNA-Seq
dataset BLCA

Genes

COL3A1, COL5A2, FBN1, POSTN

AURKB, BUB1B, CCNB2, GDC45,
CENPA, CEPSS, KIF2C, KIF4A,
KIF15, NUSAP1, PRG1, UBE2C (only
diagnostio);

AEBP1, CDC258, COL5A2, MMP11,
TKA, TPX2 (only prognostio);

GDCAB, CDCAS, GENPF, FOXM1,
TOP2A (both diagnostic and
prognostic)

ARHGAP15, BCAR3, CACNAZD3,
GENPH, GTNND2, DOHH, GCC2,
HERC2, LINC00189, NLK, OR9Q1,
PCSKS, POU2F3, SCN2A, TUBGGP2
ATF7, CER1, CYP1A2, GDF9,
KCNIP1, LRRC1S, PTPRJ, TRPM3

ATP2A2, BCAP31, BRD2, CYPSAS,
DCAF8, LRRC37A2, MEIS3P1,
POLR2A, PURA, SRPK2, TRAK1,
UBE2I, UPF3A, VPS13D, WDFY3,
ZZEF1

miR-1-1, miR-1-2, miR-28,
miR-133a-1, miR-133a-2, miR-133b,
miR-139, miR-143, miR-145,
miR-195, miR-548ba, miR-3199-2,
miR-6507

Involved pathways

Extracellular matrix (ECM)
organization, ECM-receptor
interaction, regulation of actin
cytoskeleton, cell adhesion, focal
adhesion

Cell cycle, nuclear division,
chromosorme segregation, organelle
fission

Spliceosome complex, VEGF, MAPK,
neurotrophic signaling, and cell cycle
pathways

Response to stimuius, regulation of
localization,
gamma-hexachlorocyclohexane
degradation, fatty acid metabolism,
adherens junction, tryptophan
metabolism, and Wit signaling
pathways

Regulation of mitotic cell cycle, cell
cycle phase, organelle organization,
negative regulation of programmed
cell death, DNA repiication, DNA
recombination, mRNA splcing,
cellular localization, B cell receptor
signaling pathway, Ras pathway
Cell proliferation, regulation of cell
growth, regulation of actin
cytoskeleton, proteoglycans in
cancer, focal adhesion, Wt,
PIBK-Akt, MAPK, and p53 signaling
pathways

References

(16)

(17

(18)

(19)

©0

@1

BCa, bladder cancer; SCCB, squamous cell carcinoma of bladder; MIBC, muscle-invasive 8Ca; NMIBC, non-muscle-invasive BCa. "Note that WGCNA has been performed using too
few samples, indeed at least 20 samples are required for a robust WGCNA analysis and to obtain reliable results.
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Hub miRNAs  Targeted Validation assay Cell lines References

hub genes
miR-1-1/2 CENPF Proteomics (pSILAC) HeLa (human cervical cancer) 1)
FBN1
HERC2
KIF2C
KIF4A
uBEe2!
miR-28 PTPRJ PAR-CLIP HCT116 (human colon cancer) (72)
miR-133a-1/2  CDCAS PAR-CLIP ©8166 (HIV-1 infected human T cels) and TZM-bl (HIV-1 79
infected human epithelial cells)
FBN1 Microarray T24 and K47 (human bladder cancer) 69
miR-139 MMP11 Luciferase reporter assay, Microarray, T24 and BOY (human bladder cancer) 64
GRT-PCR, Western blot
miR-143 BRD2 PAR-CLIP HCT116 (human colon cancer) (72)
cDC25B
COL3A1 In situ hybridization, gRT-PCR, Western blot NF-38 (human normal gastric fibroblasts) and CaF-38 (human (74)
cancer-associated fibroblasts)
COL5A2 Microarray USSCs (human unrestricted somatic stem cells) 5)
miR-196 CEP55 PAR-CLIP HEK293S (human embryonic kidney) and MCF7 (breast (76-79)
cancer)
PTPRJ HITS-CLIP Jijoye (EBV-transformed B cells) (80)
PURA
TRAK1 HITS-CLIP HEK293S (human embryonic kidney) and fresh-frozen human (81, 82)
heart tissues
UBE2! Microarray, GRT-PCR PBMCs (peripheral blood mononuclear blood cells) ©3)
miR-6507 ©DC258 PAR-CLIP HCT116 (human colon cancer) (72
cpoAs
DCAF8 PAR-CLIP HEK293S (human embryonic kidney) (76)
PRCI
CENPA PAR-CLIP hESCs (human embryonic stem cells) ©4)
CEPS5 PAR-CLIP BC-1 and BC-3 (KSHV-infected primary effusion lymphoma) (85

PSILAC, pulsed Stable Isotope Labeling with Aminoacids in Cell culture; PAR-CLIP, PhotoActivatable Ribonucleoside-enhanced CrossLinking and ImmunoPrecipitation; HITS-CLIR
High-Throughput Sequencing of RNA isolated by CrossLinking and ImmunoPrecipitation.
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Trial

NCT03284684

NCT02449837

NCT01961713

NCT02997709

NCT02853097

NCT03089099

NCT03488706

NCT03236688

NCT02771769

NCT02723526

NCT02742259

NCT02456571

NCT02735252

NCT02099864

Patients enrolled

Patients undergoing surgery for non-metastatic
solid tumors: colon, breast and prostate.

Patients undergoing radiation treatments for
one of six cancer types including PC.

Subjects with prostate cancer diagnosed on
prostate biopsy who undergo radical
prostatectomy

Men with intermediate to high risk prostate
cancer who are candidates for radiotherapy
(RM

Prostate cancer patients at various points
throughout androgen deprivation therapy and
atthe initiation of androgen deprivation therapy,
enzalutamide, abiraterone and docetaxel.

mCRPC

Prostate cancer screening with PSA is plagued
by high rate of unnecessary prostate biopsies,
especially i the “gray zone” (PSA levels:
4.00ng/ml e 10.99 ng/m)

mCRPC

Patients with planned prostate biopsy

Patients with newly Diagnosed Metastatic
Hormone-Sensitive Prostate Cancer

Metastatic prostate cancer to the bone

Metastatic PC
Metastatic PCa.

Advanced PCa patients receiv- ing
enzalutamide therapy.

Study description/outcomes

Change in concentration of total mutant circulating DNA. Change in proportion of
mutant circulating DNA. Change in integrity index of circulating DNA for ACTB gene.
Change in integrity index of circulating DNA for KRAS gene.

To measure CTCs levels to evaluate the change pre- and post-treatment. Change in
CTC levels from Baseline to Post-RT treatment and the correlation with local tumor
response or pathological evaluation

To evaluate the relationship between pre-operative CTC quantity and pathologic
stage in men with early stage prostate cancer undergoing prostatectomy.

To examine the relationship between persistent CTCs and biochemical recurrence
after radical prostatectomy for localized prostate cancer

Comparison of Pre- and Post-Treatment Quantitative Imaging Parameters to Changes
in Circulating Tumor Cells Over Time in Prostate Cancer Patients Receiving Raciation
Therapy (RT) with or without Androgen Deprivation Therapy per standard of care

To document the appearance of androgen receptor isoform splice variant 7 (AR-V7)
expression over the course of therapy in castration-resistant prostate cancer (CRPC).
To determine whether detectable AR-V7 is associated with a shortened duration of
treatment benefit of abiraterone or enzalutamide.

To determine whether sequentially analyzing the expression of molecular markers in
high volume circulating tumor cells in metastatic castration-resistant prostate cancer
patients can predict the therapeutic effects and outcomes of these patients.

Giroulating tumor cells detection
Using a circulating-tumor-cel (CTC) test to detect prostate cancer in patients in the
PSA “gray zone” level

Demonstrate detection of ARv7 spiice variant transcripts from exosomes in the
circulation of MCRPC patients pre and post treatment with selective Androgen
pathway inhibitors (i.., abiraterone and enzalutamide)

Multi-center prospective study in which blood samples will be taken from 1500 male
patients aged between 21-80 scheduled for prostate biopsy. Analysis of cell-free
cancer DNA extracted from these samples will be undertaken to determine whether
copy number instability scores derived from the cfDNA correlates with PSA screening
levels and prostate biopsy results (i.e., Gleason score) in these patients

To determine whether sequentially analyzing the expression of tumor markers in
circulating tumor clls in newly diagnosed metastatic hormone-sensitive prostate
cancer patients can predict the outcome of these patients.

Confirmation of the clinical utiity of the cutofflevel for the Prostate Cancer Assay for
prognosis of progression free survival (PFS) in comparison to the predicate device,
CelSearch CTC Assay

To explore the prevalence of expression of four immune checkpoint biomarkers on
circulating tumor cells (CTCs) from men with metastatic prostate cancer

Develop a first-in-man CTC-based molecular taxonomy of CRPC. Comparison of
median PFS to CTC-based AR-V7 status.

Correlation between PSA response and gene expression signatures, DNA copy
number alterations, mutations. Assess the association for changes in TG counts
from baseline and maximal PSA observed while on study.
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Band y emission
PSMA targeting ligand
raclolabeted with
Lutetiam-177

PSMA molecule

The targeting ligand binds to PSMA on prostate cancer celts
Once bound to the neoplastic cel, 177Lu atom releases energetic
B and y particles. This results in a DNA-damaging radiation.
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Method

CELLSEARCH
System (44)

CELLCOLLECTOR
EPISPOT (45)

Microfluidic
capture of CTCs
(46).

EPCAM cells
enrichment and
sequencing (47).

ADNAtest (48).

Mechanism

A7.5mL sample of blood is placed in a special tube, centrifuged to separate solid
blood components from plasma, then placed in the CELLTRACKS® AUTOPREP®
System. Cells binds ferro-fluid nanoparticles presenting antibodies targeting epithelial
adhesion molecules, then CTCs are magnetically separated from other blood cells.
CTCs are stained with cytokeratin monocional antibodies, DAP (a DNA stain) and
leukocytes which may have contaminated the sample are marked by antibody
targeting CD45. Stained CTCs are then placed onto Cell-Spotter Analyzer (&
four-color semi-automated fluorescence microscope) for the CTCs enumeration
CTCs+:

DAPI+, cytokeratine -+, CD45—cells

Cell-Collector is based on a sterile stainless steel medical wire, covered with 2 um
gold and a hydrogel layer which is covalently coupled with antibodies against the
EpCAM protein and pan-keratins. CD45 staining (performed to exclude unspecific
leucocytes)

CTCs +:

CTCs identlfied as pan-keratin positive, leukocyte marker CD45 negative.

EPISPOT on an EpCAM-independent enrichment method (i.e., leukocyte depletion)
and enables the identification of viable PSA-secreting tumor cells

CTCs+:

PSA+ cells.

Considering the expression of PSA (up-regulated by AR) and PSMA (down regulated
by AR) they classified CTCs in AR on, AR mixed and AR positive according to the
expression of PSA (+ in AR on and mixed) and PSMA (+ in AR off and mixed).

The recovered cells, enriched with CTCs, were deposited into dense arrays of
subnanoliter wells and imaged by automated epifluorescence imaging. Enrichment
was obtained through lllumina MagSweeper CTCs expressing EpCAM. Individual
EPCAM (+) CD45 (-) CTCs were recovered by robotic micromanipulation for whole
genome ampliication using multiple displacement amplification.

Is a device able to isolate MUC1-negative and EpCAM positive CTCs. After CTCs
isolation, cells are lysed and RNA is extracted for downstream analyses with RT-PCR.
Of note this device adopts primers against EGFR, PSA and PSMA making a sample
positive if one of these genes are expressed.

CTCs detection rate/
other outcomes

CTCs detected in 57% of
patients with prostate
cancer

Combining Cellsearch,
CellCollector and Epispot
assay, detection rate of
CTCs was 81.3%

CTCs detection rate: 80%

Mutation concordance
between CTCs and primary
or metastatic tumor tissue:
86%

CTCs detection rate: 62%

Limitations

- Low CTGs detection rate in
non-metastatic prostate cancer

- Conflicting results about
correlation between CTCs
number and treatment
response.

- Experimental approach.

- This approach does not offer a
characterization of CTCs.

- Impacton prognosis and
predictive value under
investigation.

- Experimental approach

- Under investigation for
detection of anti-androgen
resistance mechanisms.

- Experimental approach.

- High cost.

- Loss of concordance between
CTCs mutation and
primary/metastatic tumor
tissues.

- Experimental approach

- High cost

- Few data about the application
of this approach in localized/
non metastatic prostate
cancer.
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Urinary tumor-derived DNA

CfDNA

Histone modifications

DNA methylation status

BC, Bladder cancer; CfDNA, circulating-free DNA.

Gene

TERT and FGFR3

TERT, FGFR3/OTX1

FGFR3 and PIK3CA
HAK20me3

H3K27me3

GSTP1 and RARb2 and APC
TWIST1 and NID2

SOX-1, IRAK3, and Li-MET
POU4F2 and PCDH17
HS3ST2, SEPTINS, SLIT2/FGFR3
NID2 and TWIST1

CFTR, SALL3/TWIST1
p14ARF, p16INK4A, RASSF1A
DAPK and APC

Application

Recurrence
BC diagnosis
Progression/metastasis

Poor survival

Poor survival

BC diagnosis

BC diagnosis

Recurrence

BC diagnosis

survelance, low vs. high risk
BC diagnosis

BC diagnosis

BC grade and stage

References

(66, 67)
(68)
69
70
@1
(66)
67
64)
©1)
62)
(68)
69
(63)
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Urinary tumor-derived RNAs RNA/Protein Application References

mANA CK20, IGF-I BC diagnosis )
ABL1, CRH, IGF2, UPK1B and ANXA10 BC diagnosis 8
NDRG2 Tumor grade and stage ©9)
miRNA miR-146a BC diagnosis @7
miR-126 BC diagnosis ©2)
miR-200c Tumor progression ©3)
let-7,miR-1268,—196a,—1,—101,—143 BC diagnosis 84)
miR-451a,~16,-486,-92a Hemolysis ©6)
miR-96,-210 BC diagnosis @7
miR-125b,~30b,~204a, ~99a,~532 BC diagnosis ©9)
miR-9,~182,~200b aggressiveness, recurrence ©0)
miR-145 BC diagnosis ©1)
miR-99%, ~ 1256 BC diagnosis ©3)
miR-618,~1255b BC diagnosis (©4)
miR-21,~106b, ~486,~151a,-200c NMIBC diagnosis ©7)
185,224, 30c-2,~10b
miR-205,-451a,—25,-7-1,-30a MIBC diagnosis ©7)
miR-31,-191,-93 BC diagnosis (96)
mIRNA/EVs and Exosomes miR-375,—146a BC diagnosis (100)
MIRNA/RF miR720/3007a BC diagnosis (101)
IncRNA uc004cox.4 Recurrence (102)
IncRNA/exosomes HOX-AS, ANRIL, and linc-RoR BC diagnosis (108, 104)

BC, Bladder cancer; NMIBC, muscle non-invasive BC; MIBC, muscle invasive; mRNA, messenger RNA; miR, microRNA; EVs, extracellular vesicles; tRF, transfer RNA fragments; IncRNA,
Long non-coding RNA.
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NCT Identifier

NCT01496157

NCT02048150

NCT02151760

NCT01667536

NCT03558711

NCT02611882

NCT03486886

NCT02796807

NCT02488070

NCTO01359189

NCT02918357

NCT02916537
NCT00712829

NCT01615406
NCT01261754

NCT01572701

NCT02190279

NCT00992745

NCT02349022

NCT02615067

ACTRN12617000005358

Source: https://clinicaltrials.gov.

Study phase

Phase 1
Phase 2

Phase 1
Phase 1
Phase 2
Phase 1
Phase 1
Phase 2
Not

Applicable
Phase 2

Phase 1
Phase 2
Phase 1
Phase 2
Phase 3
Phase 1
Phase 1

Phase 1
Phase 1

Phase 1

Early phase 1

Phase 1

Phase 2

Phase 3

Phase 2

Tracer and technique

18F-DCFBC PET
MDX1201-A488
18F-DCFPYL
99mTe-MIP-1404

18F-PSMA

Ga-68 HBED-CC
PSMA

PSMA -PET/CT

68Ga-HBED-CC-
PSMA

PET/CT
68Ga-PSMA PET/CT

ProxiScan

Ga-68 labeled
PSMA-11 PET
CTT1057 PET/MR
123-1-MIP-1072
128-1-MIP-1095
99mTe MIP 1404

99mTe-MIP-1404 and
MIP-1405

99mTe-MIP-1404
18F-DCFBC PET/CT
128-1-MIP-1072
(89ZrIDF-1AB2M

99mTe-MIP-1404
SPECT/CT

Ga-68 PSMA-PET/CT

Study outcomes

PET detection of primary and sextant localization of PCa and detection of
metastatic disease at nitial staging

Assess the best dose given before robotic assisted laparoscopic RP to aid
in visualization of the prostate

Compare diagnostic accuracy of 18-DCFPyL to CT and bone scintigraphy
for the detection of metastatic PCa

Assessment of the diagnostic accuracy in detection PCa within the prostate
and metastatic PCa

Safety of administration

SE and SP for the detection of nodal metastasis in high-risk pre-RP
patients, of metastatic disease in patients with BCR after RP or radiation
therapy, comparison to conventional imaging in CRPC patients.

Evaluation of detection Yield performance and reproducibilty in mPCa.
Patients

Correlation Between SUV on 68Ga-HBED-CC-PSMA and GS in PCa

Average SUVmax of Ga68 PSMA Uptake Outside the Expected Normal
Biodistribution

Evaluation of a Transrectal Scintigraphic Detector (ProxiScanTM) for
Detection of Primary PCa

Sensitiity and PPV of for the detection of metastases a per-patient and
per-region-basis confirmed by histopathology

Evaluation of the safety, pharmacokinetics, and [18F] radiation dosimetry
Evaluating the safety, pharmacokinetics, tissue distribution

Comparison study of 99mTe-MIP-1404 (SPECTY/CT imaging to histology
Safety, pharmacokinetics, biodistribution in mPGa patients; newly
diagnosed, high-risk PCa and healthy subjects

Measure activity counts in tissue samples post-surgery, Intensity of
99mTo-MIP-1404 Uptake with Respect to PSMA expression in Men With
PCa Undergoing RP and/or PLND

Assess the abilty to identlfy sites of localized, recurrent and metastatic PCa
Estimate the imaging SE and SP of 1231 MIP 1072 compared to 111in
capromab pendetide in mPCa

Compare SE/SP/PPV/NPV/Accuracy of [1111n] capromab pendtide
SPECT/CT to [892r]-Df-1AB2M PET/CT as confirmed by pathology

Safety and Efficacy of 99mTc-MIP-1404 SPECT/CT Imaging to Detect
Clinically Significant PCa in Men With Biopsy Proven Low-Grade PCa
Candidates for AS (proSPECT-AS)

Compare the diagnostic accuracy of Ga-68 PSMA-PET/CT to that of
conventional imaging for detecting nodal or distant metastatic disease.

PSMA, Prostate specific membrane antigen; AR radical prostatectomy; MDX1201-A488, Anti-PSMA monoclonal antibody; PCa, prostate cancer; SE, sensilivity; SP. specificity; BCR,
biochemical recurrence; CRPC, castration resistant prostate cancer; GS, Gleason score; PPV, positive predictive value; 123-1-MIP-1072, MIP 1404, MIP-1405, small molecule inhibitor
of PSMA; PLND, Pelvic Lymph Node Dissection; NPV, negative predictive value; AS, active surveillance.
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Tissue type

Colorectal cancer

Breast cancer
Esophageal
cancer

Head and neck
cancer

Pancreatic cancer

Prostate cancer

Species differential

Fusobacterium,
Selenomonas, and
Leptotrichia species
increased in cancer tissues
Alistipes, Sphingomonas,
and Methylbacterium
increased in cancer tissue
Streptococcus, Prevotell,
and Veilonella species
increased in cancer tissues
Fusobacterium, Prevotella,
and Gemella species.
increased in cancer tissues;
Streptococcus and Rothia
species decreased in
ccancer tissues
Enterobacteriaceae,
Pseudomonadaceae,
Moraxellaceae, and
Enterococcaceae increased
in cancer tissues
Propionobacterium acnes
increased in cancer tissues

References

6.6

7.8

©.10)

(1

(12)

(32-37)





OPS/images/fonc-08-00653/fonc-08-00653-t002.jpg
NCT identifier Study phase Drug Study objectives (Number of patients) Study results
NCTO1695044 Phase 2 PSMA ADC Assess total serum PSA response, CTC -PSA response:
NCT02020135 (Extension Study) response, overall radiologic response in
mMCRPC pts (119 pts- completed 17 pts) in two. >80% Decrease in PSA:
groups: (1) CHT-experienced and (2) CHT 20% (1); 32% (2).
naive. >50% Decrease in PSA:
1% (1) 21% (2).
-CTC response
>30% Decrease in CTC: 81%
(1), 92% ()
>509% Decrease in CTC:
74%(1),85%(2). -Overall
radiologic response
Stable disease 61% (1),69% (2):
Progressive disease:
13% (1), 9% (2);
Partial response: O (1), 6% (2)
NCTO1414283 Phase 1 PSMA ADC Determine the maximum tolerated dose of No results posted
PSMA ADG (13 weeks) (62 pts)
NCT01414296 Phase 1 PSMA ADC Safety and tolerability of PSMA ADC as No results posted
Extended measured by all adverse events in mCRPC
39-Week patients (10 pts)
NCT00705835 Phase 1 Rs-PSMA Safety, tolerability, and immune response of No results posted
vaccine therapy with increasing dose levels of
rsPSMA protein (14 pts)
NCT00015977 Phase 2 PSMA peptide Immunization with PSMA peptide vaccine No results posted
vaccine followed by injection of Interleukin-12 in
Metastatic PCa patients, determinate disease
response (13 pts)
NCTO1140373 Phase 1 Autologous T cells Safety and tolerability using increasing doses of No results posted
targeted to PSMA engineered autologous T cells targeted to
PSMA after cyclophospharnide in CMPC
patients (13 pts)
NCT02202447 Phase 1 EC1169 Safety, pharmacokinetic profile and preliminary No resuts posted
efficacy of PSMA Targeting-Tubulysin
Conjugate EC1169 in Patients With Recurrent
Metastatic CRPC (40 pts)
NCT00694551 Not Applicable Polypeptide Pilot immunotherapy study of combination Adverse events (Grade 3 or
vaccines: PSMA and TARP peptide with Poly IG-LC higher): O pts
PSMA27-35- adjuvant in patients with elevated PSA after PSA doubling: 19/29 pts; No
PSMAG87-701 initial definitive treatment (29 pts) PSA doubling: 10/29 pts
NCT00916123 Phase 1 177Lu-J591 Effectiveness of 177Lu-J591 antibody in No reslts posted

combination with docetaxel chemotherapy
against metastatic CRPC (15 pts)

For a fulllist of trials please visit: htips://clinicaltrials.gov PSMA ADC, Prostate Specific Membrane Antigen