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1. Introduction

Prostate cancer (PCa) is, with an estimated number of 161,360 cases and 26,730 deaths in 2017,
the most common malignancy in the USA [1]. Worldwide, the mortality rates tend to be higher in less
developed regions, including parts of South America, the Caribbean, and Africa [2]. The overall PCa
incidence in all countries with available data for 2008 was counted with almost 900,000 cases while
the mortality rate was estimated with approximately 258,000 deaths from PCa [2]. Thus, worldwide
almost 30% of men with PCa will die of this malignancy.

In recent years, many new developments in PCa diagnostics were reviewed. Numerous new
protein- and nucleic acid-based biomarkers in whole blood and its fractions serum or plasma as
well in urine and its different fractions were described based on novel technologies [3–7]. To reduce
overdiagnosis and overtreatment there is a clear focus to preferentially detect clinical significant PCa
because indolent PCa often do not need treatment or treatment can be delayed. Here a multimodal risk
score was developed in a study on urine samples with two independent prospective multicenter
cohorts [8]. The multimodal approach including the HOXC6 and DLX1 mRNA levels reached
excellent area under the Receiver-Operating-Characteristic (ROC) curve (AUCs) of 0.90 and 0.86
in the training and validation cohort [8]. Beside the diagnostics, also the risk stratification [9] and
prognostic factors [10] are important for the progress of the disease.

The treatment options with several newly available substrates for advanced PCa,
including castration-resistant prostate cancer (CRCP), have been changed dramatically within recent
years, but no biomarker has been validated so far [11]. The androgen-receptor splice variant 7
(AR-V7) protein expression and its localization in circulating tumor cells (CTCs) should also be
highlighted [12], but there is a need for further prospective studies to validate this biomarker. As an
example, the measurement of epidermal growth factor receptor (EGFR) on CTCs might be promising
as a prognostic marker in metastatic PCa patients [13].

2. Overview

This Special Issue contains 26 papers consisting of 22 original research studies and four reviews.
Five studies present their basic research data using PCa cell lines [14–17] or summarize data on
cancer/testis antigens (CTAs) as potential PCa biomarkers [18]. Serum markers are the subject in the
vast majority of publications (n = 8) with focus on PCa diagnostic and prognostic [19–23] or evaluation
of advanced/metastatic disease stages [24–26]. Two of the four reviews further summarize biomarkers
for PCa diagnostic [27] or active surveillance [28] while the other two reviews have special topics like
nanoparticles as theranostic vehicles [29] or PCa stem cells [30]. Four working groups published results
by using immunohistochemistry in prostate, lymph node or bone tissue [31–34]. This Special Issue
also covered studies on seminal plasma biomarkers [35], improved PET contrast between osteolytic
and osteoblastic bone metastatic lesions with fasting [36] and the impact of the blood collection tube
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and storage time on CTC-mRNA (AR-V7) analysis [37]. Two clinical studies on different biomarkers
for prostate brachytherapy [38,39] complete the large number of publications.

3. Basic Research

Metformin, known as an anti-diabetes drug, has been shown to have anti-neoplastic effects in
several tumors including PCa. Metformin targets Hedgehog (Hh) signaling, which is an important
target for radiosensitization. Gonnissen et al. [14] evaluated the combination of metformin and the Hh
inhibitor GANT61 with or without ionizing radiation in the three PCa cell lines PC3, DU145, and 22Rv1.
Although this drug combination reduced the cell growth and enhanced the radiosensitization effect
compared to single agent in cell lines, both in vitro effects could not be confirmed in vivo [14].
This observation shows the limitation of in vitro testing and the importance of careful translation of
successful in vitro experiments under in vivo setting conditions.

Dayal et al. [15] showed that mutations in RNase L may promote PCa by increasing expression of
androgen receptor (AR)-responsive genes and cell motility and they identified novel roles of RNase L
as a PCa susceptibility gene. For instance, the activity of the two matrix metalloproteinases (MMP)-2
and -9 is significantly increased in cells where RNase L levels are ablated [15]. The imbalance between
MMP-9 activity and its inhibitory counterparts in prostate cancerous tissue already implicated a
rationale of using synthetic inhibitors of MMPs as potential therapeutic tools [40] that was also
confirmed in a prostate cancer standard rat model [41].

In advanced PCa, small ubiquitin-like modifier (SUMO)-specific cysteine protease 1 (SENP1)
is up-regulated. In their study, Zhang et al. [16] developed a lentiviral vector, to silence SENP1
in prostate cancer cells with high metastatic characteristics (PC3M). The researcher further created
an adenovirus vector to over-express SENP1 in prostate cancer cells with low metastatic potential
(LNCaP). The authors could show that silencing of SENP1 promoted cellular apoptosis and they
concluded finally that SENP1 is a potential target for treatment of advanced PCa [16]. Further studies
including first clinical trials are necessary.

Bascetta et al. [17] isolated PCa cells resistant to docetaxel (DCTR) clones from different PCa cell
lines and performed through next-generation sequencing of the released miRNAs. They identified
several miRNAs, which were differentially released in the growth medium [17]. The authors proposed
that the utilization of clones resistant to a given drug as in vitro model to identify the differentially
released miRNAs, could be tested in perspective as predictive biomarkers of drug resistance in tumor
patients under therapy [17]. This is an interesting theory. However, measurements of these miRNAs in
plasma/serum must follow to find evidence of this approach.

As a basic step for numerous experiments, Australian researchers determined the ideal blood
storage conditions to preserve CTC-specific mRNA biomarkers [37]. Luk et al. [37] tested the
preservation of tumor cells and CTC-mRNA over the time in ethylene-diamine-tetra-acetic acid
(EDTA) and acid citrate dextrose solution B (Citrate) blood collection tubes in comparison to special
cell-free DNA, RNA and Cyto-Chex blood collection tubes (Streck, Omaha, NE, USA). Tumor mRNA
biomarkers were readily detectable after 48 h storage in conventional EDTA and Citrate tubes, but not
in the three specially developed preservative-containing collection tubes. Notably, AR-V7 expression
was detected in PCa patient blood samples after 48 h storage in EDTA tubes at room temperature,
leaving a more feasible timeframe compared to previous recommendations [37].

The cancer/testis antigens (CTAs) are a group of proteins that are typically restricted to the
testis in the normal adult but are aberrantly expressed in several other types of cancers including
PCa. Using prostate-associated gene 4 (PAGE4) as an example of a disordered CTA, Kulkami and
Uversky [18] highlighted how intrinsically disordered proteins (IDP) conformational dynamics may
regulate phenotypic heterogeneity in PCa cells, and how it may be exploited both as a potential
biomarker as well as a promising therapeutic target in PCa. The authors favor the theranostic potential
of CTAs that is latent in their lack of structure and casts them as next generation or “smart” biomarker
candidates [18]. This idea should be supported but the markers should be disease specific.
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4. Serum Biomarkers

Hagiwara and colleagues [19] evaluated the performance of Wisteria floribunda agglutinin
(WFA)-reactive glycan-carrying PSA-glycosylation isomer (PSA-Gi) in serum by using an automated
immunoassay system in 244 patients with PCa and 184 with biopsy-proven benign prostate hyperplasia
(BPH). The area under the ROC curve (AUC) for PSA-Gi was almost 0.8, which was higher than for PSA
(0.64) or the PSA-Gi/PSA ratio (AUC 0.73). The correlation between PSA-Gi and the Gleason grade is
a further very positive aspect that implies that PSA-Gi is a promising marker not only for detecting
PCa but also for assessing its aggressiveness [19]. A tissue-based nomogram was also developed as a
predictive tool for determining the PSA-free survival probability [19].

Another research group from Japan worked on the PCa-associated α2,3-linked sialyl
N-glycan-carrying PSA (S2,3PSA) [20]. The authors estimated PSA and S2,3PSA in each of 50 age
and PSA matched biopsy-proven patients with PCa and BPH (from a larger cohort of >550 biopsied
men) by a newly developed automated micro-total immunoassay system with a detection limit of
0.05 ng/mL [20]. The authors can be congratulated for the development of a robust and reproducible
immunoassay with a coefficient of variation within 15% that is superior to their earlier magnetic
bead-based S2,3PSA assay [42]. The AUC for the S2,3PSA to PSA ratio (%S2,3PSA) was 0.834
and much superior to PSA alone (AUC: 0.506) [20]. However, a comparison of %S2,3PSA with
the FDA-approved and currently best available PSA-based serum marker prostate health index (PHI;
formula: −2proPSA/free PSA ×

√
PSA) has not been performed. It would be very interesting if

%S2,3PSA could further improve PHI in future prospective multicenter studies.
An independent research group also published data with their 2015 patented PSA glycoform

assay [43], based on the determination of the α2,3-sialic acid percentage of serum PSA (%α2,3-SA).
The current study compared PHI with %α2,3-SA in a cohort of 79 patients that included 50 PCa and
29 with BPH [22]. The %α2,3-SA could distinguish high-risk PCa patients from the rest of patients
better than PHI (AUC 0.971 vs. 0.840), although PHI correlated better with the Gleason score than
the %α2,3-SA [22]. The combination of both markers increased the AUC up to 0.985 resulting in 100%
sensitivity and 94.7% specificity to differentiate high-risk PCa from the other low and intermediate-risk
PCa and BPH patients [22]. The editor is eagerly awaiting multicenter data on the new %α2,3-SA assay.
It would be further interesting to compare both α2,3-sialic acid assays from Ishikawa et al. [20] and
Ferrer-Batalle et al. [22] in view of its introduction as soon as possible in clinical practice.

Friedersdorff et al. [21] investigated the relationship between PHI, Gleason Score and prostate
tumor volume in almost 200 prostatectomy specimen. With an AUC of 0.79, PHI was the most accurate
predictor of a tumor volume > 0.5 cm3 [21]. Most important, PHI correlated significantly with the
tumor volume (r = 0.588), which is significantly better (p = 0.008) than the correlation of the Gleason
score with tumor volume (r = 0.385). This shows that the gold standard of Gleason Score has been
surpassed regarding its value on tumor size. Further, our own data regarding PCa prognosis also show
the value of PHI with an improved prediction of biochemical recurrence (BCR) [44]. PHI obviously
outperforms other diagnostic PCa biomarkers (urinary PCA3, TMPRSS2:ERG) with its good association
to tumor aggressiveness, tumor volume and prognosis [45–47].

PHI was again the topic of a study by Schlack and colleagues [25]. In 25 patients with
metastatic castration resistant prostate cancer (mCRPC), following initiation of Abiraterone-therapy,
the PSA-subforms were analyzed before and at 8–12 weeks under therapy as prognosticators of
progression-free-survival (PFS) and overall survival (OS). Comparing patients with a PFS < vs. ≥ 12,
the relative-median-change of PSA, free PSA and −2proPSA differed significantly [25]. Decreasing free
PSA and −2proPSA values indicated an OS of 32 months compared with 21 months in men with rising
values [25]. Univariate and multivariate Cox regression analyses could not prove all these tests as
suitable predictive PFS and OS markers [25]. However, the authors stressed the limitation of their
study due to the small sample size in a single center.

In the last diagnostic study with serum, high throughput sequencing of small RNAs extracted
from blood from 28 untreated PCa patients and 12 healthy controls was used to identify microRNAs
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as PCa biomarker [23]. Four microRNAs (miR-127-3p, miR-204-5p, miR-329-3p and miR-487b-3p)
were upregulated, three miRNAs (miR-32-5p, miR-20a-5p and miR-454-3p) were downregulated.
ROC curves exhibited a better correlation with PCa than for PSA [23]. It should be emphasized that
the selection of four miRNA as normalization standard is a very positive additional part of this study.
However, the AUCs for the single miRNAs are between 0.75 and 0.95, but the number of patients is
quite low and comparing not only with PSA but also at least %free PSA or better PHI would improve
this comparison. In addition, some of the suggested miRNAs (miR-20a-5p, miR-32-5p, and miR-454-3p)
are hemolysis-affected [48]. The use of such hemolysis-affected circulating miRNAs has been recently
questioned without a special control of hemolysis [49].

Geng et al. [24] checked first whether genetic variants in the Wnt pathway influence clinical
outcomes for advanced PCa patients receiving androgen deprivation therapy (ADT). In 465 PCa
patients, two common single nucleotide polymorphisms (SNPs), the adenomatous polyposis coli
(APC) rs2707765 and rs497844, were significantly associated with both PCa progression and all-cause
mortality [24]. This may implement a preclinical rationale for using APC as a prognostic marker in
advanced PCa by identifying patients who would not benefit from ADT [24].

In 96 patients with mCRPC under a median time of 10 months with Abiraterone treatment a
serum pre-treatment neutrophil-to lymphocyte-ratio (NLR) < 5 was associated with better survival
outcomes [26]. Contrary, the authors found that after eight weeks of Abiraterone therapy, a change
of initially elevated NLR of >5 to <5 was associated with worse survival. Therefore, a deeper
understanding of the underlying immune mechanisms in this setting is highly warranted [26].

5. Reviews

Filella and Foj [27] extensively reviewed all important biomarkers for early detection of PCa,
also regarding the important point of overdetection and false positive results. This excellent
compilation provides an overview of all PSA subforms and the timeline of PCa biomarkers since
1970 [27]. Beside the emerging role of PHI, also the use of the urine based markers PCA3
(FDA approved in 2012 for men older than 50 who have at least one previous negative biopsy) and
TMPRSS2:ERG fusion gene is provided. Furthermore, aberrant microRNA and exosomal biomarkers
are reviewed [27].

Ferro and colleagues [28] provided a comprehensive overview of biomarkers as predictors of
clinical significant PCa and for PCa patients under active surveillance. The main topics were further
epigenetic signatures with DNA methylation, histone modifications, and noncoding RNA, which all
could potentially provide new tools for PCa prognosis [28].

Individualized targeted theranostic nanomedicine has emerged by using nanoparticles as vehicles
carrying both diagnostic and therapeutic molecular entities. Nanomedicine can increase sensitivity
and specificity on diagnosis and might be used for improved survival or prolonged survival after
therapy [29]. A large review by Dr. Elgqvist [29] presents and discusses important and promising
different kinds of nanoparticles, as well as imaging and therapy options, suitable for theranostic
applications. Beside breast cancer, PCa is presented in detail regarding diagnosis, staging, recurrence,
metastases, and treatment options that are available today, followed by possible ways to move
forward applying theranostics. This very comprehensive review encompasses 53 pages and almost
600 references [29].

The hot topic of the last of the four reviews by Zhang et al. [30] included cancer stem cells
biomarkers including a few novel markers discovered recently. Those biomarkers might play an
important role to detect resistance to traditional cancer therapies [30]. Further studies of cancer stem
cells (including specific isolation and targeting on those cells) might be helpful for the discovery of
novel treatments for prostate cancer, especially castration resistant disease [30].
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6. Immunohistochemistry and Other Methods

In the first accepted paper of this Special issue by Chen et al. [31] the authors used tissue
microarray and immunohistochemistry to estimate the phosphorylated levels of Akt (p-Akt) in
53 radical prostatectomy (RP) specimen. Within a Cox proportional hazard model a high p-Akt
image score better predicted (hazard ratio (HR): 3.12) the risk of BCR than a high Gleason score (HR:
1.18) or a high PSA (HR: 0.62, p = 0.57) [31]. It should be noted that the initial 76 RP specimen (23 had
to be excluded) were collected over a relatively long time from 1999 to 2011 [31]. A limitation of this
second study from Taiwan was a much higher mean PSA (almost 30 ng/mL) in the group of high
p-Akt Scores ≥ 8 as compared with the group with a p-Akt Score ≤ 6, where the mean PSA was only
12 ng/mL. Therefore, the conclusion that p-Akt activation can potentially determine BCR in pT2 PCa
patients after RP should be taken with caution. Regarding BCR after RP, a very recent publication of
our own working group by Zhao et al. [50] comprehensively reviews biomarkers with a special focus
on miRNAs and its combinations to improve PCa prognosis. There is obviously a theranostic utility
and a diagnostic, prognostic and future therapeutic potential of miRNAs in prostate cancer [51].

Campos et al. [32] investigated in a pilot study the expression of the epithelial cell adhesion
molecule (EpCAM) in PCa lymph nodes and matched normal lymph nodes, in PCa bone metastases,
and in normal bone by immunohistochemistry. EpCAM was expressed in 100% of lymph node
metastases (n = 21), in 0% of normal lymph nodes (0 out of 21), in 95% of bone metastases (19 out of 20),
and in 0% of normal bone (0 out of 14) [32]. Based on these results, EpCAM may be a feasible imaging
target in PCa lymph node and bone metastases [32]. If prospective trials can confirm these promising
results, EpCAM may help to improve pretherapeutical staging and to detect possible micro metastasis.

Another survey by Genitsch et al. [33] also tested the neuroendocrine differentiation (NED)
by Chromogranin A expression in lymph node metastases, as well as primary tumors, from 119
consecutive PCa patients. The mean percentage of NED cells increased significantly (p < 0.001)
from normal prostate glands (0.4%), to primary prostate cancer (1.0%) and nodal metastases (2.6%).
However, in primary tumors and nodal metastases, tumor areas with higher Gleason patterns tended
to display a higher NED, but no significance was reached [33].

A third study in lymph node metastases evaluated the homeobox protein Hox-B13
(HOXB13), which has been suggested as a new marker for the detection of prostatic origin [52].
Kristiansen et al. [34] semi-quantitatively compared the diagnostic value of different
immunohistochemically markers such as PSA, Prostatic acid phosphatase (PSAP), prostate
specific membrane antigen (PSMA), homeobox gene NKX3.1, prostein, androgen receptor (AR),
HOXB13, and the ETS-related gene (ERG) in 64 lymph node metastasis. The detection rate of prostate
origin of metastasis for single markers was 100% for NKX3.1, 98.1% for AR, 84.3% for PSMA, 80.8% for
PSA, 66% for PSAP, 60.4% for HOXB13, 59.6% for prostein, and 50.0% for ERG [34]. Thus, HOXB13
alone lacks sensitivity for the detection of prostatic origin, so the combination of PSA and NKX3.1
should be preferred.

Based on their previous work on PCa detection with naturally occurring fragments of the larger
seminal proteins semenogelin 1 and 2 in seminal plasma by using CE-MS/MS [53], the group of
Neuhaus et al. [35] identified proteases putatively involved in PCa specific protein cleavage, and further
examined gene expression and tissue protein levels. They found different MMP3 and MMP7 activity in
PCa compared with BPH due to fine regulation by their tissue inhibitor TIMP1 [35]. These data support
the old idea of non-invasive seminal plasma biomarkers as additional tool for PCa detection and risk
stratification. However, tests in seminal plasma seem to be of little acceptance in clinical practice.

A third Japanese research group investigated the influence of fasting on fluciclovine-PET using
a triple-tracer autoradiography in a rat breast cancer model of mixed osteolytic/osteoblastic bone
metastases in which the animals fasted overnight [36]. Their in vivo and in vitro results suggest
that fasting before 18F-fluciclovine-PET improves the contrast between osteolytic and osteoblastic
bone metastatic lesions and background, which might facilitate a clearer visualization of lesions in
fluciclovine-PET imaging [36].
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7. Brachytherapy

The last two studies of this Special issue present data on patients receiving prostate
brachytherapy [38,39]. In the sixth study from Germany by PD Ecke et al. [38] PSA, PSA density and
other clinical data were evaluated before and after brachytherapy with external beam radiation in
79 high-risk PCa patients treated between 2009 and 2016. PSA density and PSA at time of diagnosis
(p = 0.009 and 0.033), and PSA on date of first follow-up after one year (p = 0.025) were significant
predictors for local recurrence during follow-up [38]. The authors further concluded that their
specific radiation therapy for high-risk PCa resulted in high biochemical control rates with minimal
side-effects [38].

In the fourth contribution from Japan, Tsumura et al. [39] measured CTCs before and during
brachytherapy in 30 high-risk and 29 low-risk PCa patients. While no preoperative sample showed
CTCs (0%), they were detected in intraoperative samples in 7 of the 59 patients [39]. The authors
could not find any association of intraoperative CTC increases with clinicopathological data at all [39].
This may reflect the fact that all patients undergoing brachytherapy have a certain risk of intraoperative
haematogenous spillage of prostate cancer cells, irrespective of use of neoadjuvant hormonal therapy,
type of brachytherapy, PSA and other clinical data. This lowers a possible impact of CTCs in the
diagnosis or prognosis of PCa. Further, there is also the possibility that normal epithelial cells are
transiently released into the blood stream due to brachytherapy procedures and therefore additional
tests would need to confirm if cells released in this manner are indeed real CTCs.

8. Summary

In summary, this Special Issue of the International Journal of Molecular Sciences on diagnostic,
prognostic and predictive biomarkers in PCa is an excellent compilation of 26 publications accepted
between July 2016 and July 2017 with authors from 15 different countries.

As recently reviewed by Ali et al. [54], serum, urine, tissue and imaging biomarkers have been
widely evaluated to improve the identification of clinically significant PCa. Importantly, changes in
MRI technology such as multiparametric MRI (mpMRI) have realized a quantum change, and this
facility is now becoming more widely incorporated into diagnostic and disease risk-stratification
protocols [54]. An example on combining biomarker and mpMRI results has been published very
recently (October 2017) by Hendriks et al. [55]. The researchers determined the association between a
urinary biomarker-based risk score (SelectMDx) and the mpMRI based prostate imaging reporting
and data system (PI-RADS) score regarding prostate biopsy results [55]. With an AUC of 0.83 for
SelectMDx (compared to 0.66 for PSA and 0.65 for PCA3) it was further not surprising that there was a
positive association between the SelectMDx score and the PI-RADS score with significant differences
between PI-RADS 3 and 4 (p < 0.01) and between PI-RADS 4 and 5 (p < 0.01) in the SelectMDx
score [55]. Analogous to the older concept of PSA density (PSA divided by prostate volume) the new
term of PHI density (PHI/prostate volume) was described in 2017 as another marker combination by
Tosoian et al. [56].

Beside these new developments in urinary markers [5,8,55] and the PHI density [56], the serum
immunoassays with the PCa-associated aberrant glycosylation of PSA (S2,3PSA) published here should
be highlighted [20,22].

To conclude, the identification of clinically significant PCa by biomarkers and image modalities
(mpMRI) is a step towards personalized diagnosis, which will be the future. Also for advanced PCa,
results of this Special issue [24] might influence personalized PCa management.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2017. CA Cancer J. Clin. 2017, 67, 7–30. [CrossRef]
[PubMed]

http://dx.doi.org/10.3322/caac.21387
http://www.ncbi.nlm.nih.gov/pubmed/28055103


Int. J. Mol. Sci. 2017, 18, 2193 7 of 9

2. Center, M.M.; Jemal, A.; Lortet-Tieulent, J.; Ward, E.; Ferlay, J.; Brawley, O.; Bray, F. International variation in
prostate cancer incidence and mortality rates. Eur. Urol. 2012, 61, 1079–1092. [CrossRef] [PubMed]

3. Stephan, C.; Jung, K.; Ralla, B. Current biomarkers for diagnosing of prostate cancer. Future Oncol. 2015, 11,
2743–2755. [CrossRef] [PubMed]

4. Hendriks, R.J.; van Oort, I.M.; Schalken, J.A. Blood-based and urinary prostate cancer biomarkers: A review
and comparison of novel biomarkers for detection and treatment decisions. Prostate Cancer Prostatic Dis.
2017, 20, 12–19. [CrossRef] [PubMed]

5. Wu, D.; Ni, J.; Beretov, J.; Cozzi, P.; Willcox, M.; Wasinger, V.; Walsh, B.; Graham, P.; Li, Y. Urinary biomarkers
in prostate cancer detection and monitoring progression. Crit. Rev. Oncol. Hematol. 2017, 118, 15–26.
[CrossRef] [PubMed]

6. Smits, M.; Mehra, N.; Sedelaar, M.; Gerritsen, W.; Schalken, J.A. Molecular biomarkers to guide precision
medicine in localized prostate cancer. Expert Rev. Mol. Diagn. 2017, 17, 791–804. [CrossRef] [PubMed]

7. Tanase, C.P.; Codrici, E.; Popescu, I.D.; Mihai, S.; Enciu, A.M.; Necula, L.G.; Preda, A.; Ismail, G.; Albulescu, R.
Prostate cancer proteomics: Current trends and future perspectives for biomarker discovery. Oncotarget 2017,
8, 18497–18512. [CrossRef] [PubMed]

8. Van Neste, L.; Hendriks, R.J.; Dijkstra, S.; Trooskens, G.; Cornel, E.B.; Jannink, S.A.; de Jong, H.; Hessels, D.;
Smit, F.P.; Melchers, W.J.; et al. Detection of high-grade prostate cancer using a urinary molecular
biomarker-based risk score. Eur. Urol. 2016, 70, 740–748. [CrossRef] [PubMed]

9. Reiter, R.E. Risk stratification of prostate cancer 2016. Scand. J. Clin. Lab. Investig. Suppl. 2016, 245, S54–S59.
[CrossRef] [PubMed]

10. Pugliese, D.; Palermo, G.; Totaro, A.; Bassi, P.F.; Pinto, F. Clinical, pathological and molecular prognostic
factors in prostate cancer decision-making process. Urol. J. 2016, 83, 14–20. [CrossRef] [PubMed]

11. Seisen, T.; Roupret, M.; Gomez, F.; Malouf, G.G.; Shariat, S.F.; Peyronnet, B.; Spano, J.P.; Cancel-Tassin, G.;
Cussenot, O. A comprehensive review of genomic landscape, biomarkers and treatment sequencing in
castration-resistant prostate cancer. Cancer Treat. Rev. 2016, 48, 25–33. [CrossRef] [PubMed]

12. Scher, H.I.; Lu, D.; Schreiber, N.A.; Louw, J.; Graf, R.P.; Vargas, H.A.; Johnson, A.; Jendrisak, A.; Bambury, R.;
Danila, D.; et al. Association of AR-V7 on circulating tumor cells as a treatment-specific biomarker with outcomes
and survival in castration-resistant prostate cancer. JAMA Oncol. 2016, 2, 1441–1449. [CrossRef] [PubMed]

13. Josefsson, A.; Linder, A.; Flondell, S.D.; Canesin, G.; Stiehm, A.; Anand, A.; Bjartell, A.; Damber, J.E.; Welen, K.
Circulating tumor cells as a marker for progression-free survival in metastatic castration-naive prostate
cancer. Prostate 2017, 77, 849–858. [CrossRef] [PubMed]

14. Gonnissen, A.; Isebaert, S.; McKee, C.M.; Muschel, R.J.; Haustermans, K. The effect of Metformin and
GANT61 combinations on the radiosensitivity of prostate cancer cells. Int. J. Mol. Sci. 2017, 18, 399.
[CrossRef] [PubMed]

15. Dayal, S.; Zhou, J.; Manivannan, P.; Siddiqui, M.A.; Ahmad, O.F.; Clark, M.; Awadia, S.; Garcia-Mata, R.;
Shemshedini, L.; Malathi, K. RNase L suppresses androgen receptor signaling, cell migration and matrix
metalloproteinase activity in prostate cancer cells. Int. J. Mol. Sci. 2017, 18, 529. [CrossRef] [PubMed]

16. Zhang, X.; Wang, H.; Wang, H.; Xiao, F.; Seth, P.; Xu, W.; Jia, Q.; Wu, C.; Yang, Y.; Wang, L. SUMO-specific
cysteine protease 1 promotes epithelial mesenchymal transition of prostate cancer cells via regulating SMAD4
DeSUMOylation. Int. J. Mol. Sci. 2017, 18, 808. [CrossRef] [PubMed]

17. Bascetta, L.; Oliviero, A.; D’Aurizio, R.; Evangelista, M.; Mercatanti, A.; Pellegrini, M.; Marrocolo, F.;
Bracarda, S.; Rizzo, M. The prostate cancer cells resistant to docetaxel as in vitro model for discovering
micrornas predictive of the onset of docetaxel resistance. Int. J. Mol. Sci. 2017, 18, 1512. [CrossRef] [PubMed]

18. Kulkarni, P.; Uversky, V.N. Cancer/Testis Antigens: “Smart” biomarkers for diagnosis and prognosis of
prostate and other cancers. Int. J. Mol. Sci. 2017, 18, 740. [CrossRef] [PubMed]

19. Hagiwara, K.; Tobisawa, Y.; Kaya, T.; Kaneko, T.; Hatakeyama, S.; Mori, K.; Hashimoto, Y.; Koie, T.; Suda, Y.;
Ohyama, C.; et al. Wisteria Floribunda Agglutinin and its Reactive-Glycan-Carrying Prostate-Specific
Antigen as a novel diagnostic and prognostic marker of prostate cancer. Int. J. Mol. Sci. 2017, 18, 261.
[CrossRef] [PubMed]

20. Ishikawa, T.; Yoneyama, T.; Tobisawa, Y.; Hatakeyama, S.; Kurosawa, T.; Nakamura, K.; Narita, S.;
Mitsuzuka, K.; Duivenvoorden, W.; Pinthus, J.H.; et al. An automated micro-total immunoassay system
for measuring cancer-associated alpha2,3-Linked sialyl N-glycan-carrying prostate-specific antigen may
improve the accuracy of prostate cancer diagnosis. Int. J. Mol. Sci. 2017, 18, 470. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.eururo.2012.02.054
http://www.ncbi.nlm.nih.gov/pubmed/22424666
http://dx.doi.org/10.2217/fon.15.203
http://www.ncbi.nlm.nih.gov/pubmed/26358139
http://dx.doi.org/10.1038/pcan.2016.59
http://www.ncbi.nlm.nih.gov/pubmed/27922627
http://dx.doi.org/10.1016/j.critrevonc.2017.08.002
http://www.ncbi.nlm.nih.gov/pubmed/28917266
http://dx.doi.org/10.1080/14737159.2017.1345627
http://www.ncbi.nlm.nih.gov/pubmed/28635333
http://dx.doi.org/10.18632/oncotarget.14501
http://www.ncbi.nlm.nih.gov/pubmed/28061466
http://dx.doi.org/10.1016/j.eururo.2016.04.012
http://www.ncbi.nlm.nih.gov/pubmed/27108162
http://dx.doi.org/10.1080/00365513.2016.1208453
http://www.ncbi.nlm.nih.gov/pubmed/27533326
http://dx.doi.org/10.5301/uro.5000166
http://www.ncbi.nlm.nih.gov/pubmed/26917215
http://dx.doi.org/10.1016/j.ctrv.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/27327958
http://dx.doi.org/10.1001/jamaoncol.2016.1828
http://www.ncbi.nlm.nih.gov/pubmed/27262168
http://dx.doi.org/10.1002/pros.23325
http://www.ncbi.nlm.nih.gov/pubmed/28295408
http://dx.doi.org/10.3390/ijms18020399
http://www.ncbi.nlm.nih.gov/pubmed/28208838
http://dx.doi.org/10.3390/ijms18030529
http://www.ncbi.nlm.nih.gov/pubmed/28257035
http://dx.doi.org/10.3390/ijms18040808
http://www.ncbi.nlm.nih.gov/pubmed/28417919
http://dx.doi.org/10.3390/ijms18071512
http://www.ncbi.nlm.nih.gov/pubmed/28703747
http://dx.doi.org/10.3390/ijms18040740
http://www.ncbi.nlm.nih.gov/pubmed/28362316
http://dx.doi.org/10.3390/ijms18020261
http://www.ncbi.nlm.nih.gov/pubmed/28134773
http://dx.doi.org/10.3390/ijms18020470
http://www.ncbi.nlm.nih.gov/pubmed/28241428


Int. J. Mol. Sci. 2017, 18, 2193 8 of 9

21. Friedersdorff, F.; Gross, B.; Maxeiner, A.; Jung, K.; Miller, K.; Stephan, C.; Busch, J.; Kilic, E. Does the prostate
health index depend on tumor volume?—A study on 196 patients after radical prostatectomy. Int. J. Mol. Sci.
2017, 18, 488. [CrossRef] [PubMed]

22. Ferrer-Batalle, M.; Llop, E.; Ramirez, M.; Aleixandre, R.N.; Saez, M.; Comet, J.; de Llorens, R.; Peracaula, R.
Comparative study of blood-based biomarkers, alpha2,3-sialic acid PSA and PHI, for high-risk prostate
cancer detection. Int. J. Mol. Sci. 2017, 18, 845. [CrossRef] [PubMed]

23. Daniel, R.; Wu, Q.; Williams, V.; Clark, G.; Guruli, G.; Zehner, Z. A panel of MicroRNAs as diagnostic
biomarkers for the identification of prostate cancer. Int. J. Mol. Sci. 2017, 18, 1281. [CrossRef] [PubMed]

24. Geng, J.H.; Lin, V.C.; Yu, C.C.; Huang, C.Y.; Yin, H.L.; Chang, T.Y.; Lu, T.L.; Huang, S.P.; Bao, B.Y.
Inherited variants in Wnt pathway genes influence outcomes of prostate cancer patients receiving androgen
deprivation therapy. Int. J. Mol. Sci. 2016, 17, 1970. [CrossRef] [PubMed]

25. Schlack, K.; Krabbe, L.M.; Fobker, M.; Schrader, A.J.; Semjonow, A.; Boegemann, M. Early prediction of
therapy response to abiraterone acetate using PSA subforms in patients with castration resistant prostate
cancer. Int. J. Mol. Sci. 2016, 17, 1520. [CrossRef] [PubMed]

26. Boegemann, M.; Schlack, K.; Thomes, S.; Steinestel, J.; Rahbar, K.; Semjonow, A.; Schrader, A.J.; Aringer, M.;
Krabbe, L.M. The role of the neutrophil to lymphocyte ratio for survival outcomes in patients with metastatic
castration-resistant prostate cancer treated with Abiraterone. Int. J. Mol. Sci. 2017, 18, 380. [CrossRef] [PubMed]

27. Filella, X.; Foj, L. Prostate Cancer Detection and Prognosis: From prostate specific antigen (PSA) to exosomal
biomarkers. Int. J. Mol. Sci. 2016, 17, 1784. [CrossRef] [PubMed]

28. Ferro, M.; Ungaro, P.; Cimmino, A.; Lucarelli, G.; Busetto, G.M.; Cantiello, F.; Damiano, R.; Terracciano, D.
Epigenetic signature: A new player as predictor of clinically significant prostate cancer (PCa) in patients on
active surveillance (AS). Int. J. Mol. Sci. 2017, 18, 1146. [CrossRef] [PubMed]

29. Elgqvist, J. Nanoparticles As Theranostic vehicles in experimental and clinical applications-focus on prostate
and breast cancer. Int. J. Mol. Sci. 2017, 18, 1102. [CrossRef] [PubMed]

30. Zhang, K.; Zhou, S.; Wang, L.; Wang, J.; Zou, Q.; Zhao, W.; Fu, Q.; Fang, X. Current stem cell biomarkers and
their functional mechanisms in prostate cancer. Int. J. Mol. Sci. 2016, 17, 1163. [CrossRef] [PubMed]

31. Chen, W.Y.; Hua, K.T.; Lee, W.J.; Lin, Y.W.; Liu, Y.N.; Chen, C.L.; Wen, Y.C.; Chien, M.H. Akt activation
correlates with snail expression and potentially determines the recurrence of prostate cancer in patients at
stage T2 after a radical prostatectomy. Int. J. Mol. Sci. 2016, 17, 1194. [CrossRef] [PubMed]

32. Campos, A.K.; Hoving, H.D.; Rosati, S.; van Leenders, G.J.; de Jong, I.J. EpCAM expression in lymph node and
bone metastases of prostate carcinoma: A pilot study. Int. J. Mol. Sci. 2016, 17, 1650. [CrossRef] [PubMed]

33. Genitsch, V.; Zlobec, I.; Seiler, R.; Thalmann, G.N.; Fleischmann, A. Neuroendocrine differentiation in
metastatic conventional prostate cancer is significantly increased in lymph node metastases compared to the
primary tumors. Int. J. Mol. Sci. 2017, 18, 1640. [CrossRef] [PubMed]

34. Kristiansen, I.; Stephan, C.; Jung, K.; Dietel, M.; Rieger, A.; Tolkach, Y.; Kristiansen, G. Sensitivity of HOXB13
as a diagnostic immunohistochemical marker of prostatic origin in prostate cancer metastases: Comparison
to PSA, prostein, androgen receptor, ERG, NKX3.1, PSAP, and PSMA. Int. J. Mol. Sci. 2017, 18, 1151.
[CrossRef] [PubMed]

35. Neuhaus, J.; Schiffer, E.; Mannello, F.; Horn, L.C.; Ganzer, R.; Stolzenburg, J.U. Protease expression levels in
prostate cancer tissue can explain prostate cancer-associated seminal biomarkers-an explorative concept
study. Int. J. Mol. Sci. 2017, 18, 976. [CrossRef] [PubMed]

36. Oka, S.; Kanagawa, M.; Doi, Y.; Schuster, D.M.; Goodman, M.M.; Yoshimura, H. Fasting enhances the
contrast of bone metastatic lesions in 18F-Fluciclovine-PET: Preclinical study using a rat model of mixed
osteolytic/osteoblastic bone metastases. Int. J. Mol. Sci. 2017, 18, 934. [CrossRef] [PubMed]

37. Luk, A.W.S.; Ma, Y.; Ding, P.N.; Young, F.P.; Chua, W.; Balakrishnar, B.; Dransfield, D.T.; Souza, P.; Becker, T.M.
CTC-MRNA (AR-V7) analysis from blood samples-impact of blood collection tube and storage time. Int. J.
Mol. Sci. 2017, 18, 1047. [CrossRef] [PubMed]

38. Ecke, T.H.; Huang-Tiel, H.J.; Golka, K.; Selinski, S.; Geis, B.C.; Koswig, S.; Bathe, K.; Hallmann, S.; Gerullis, H.
Prostate Specific Antigen (PSA) as predicting marker for clinical outcome and evaluation of early toxicity
rate after high-dose rate brachytherapy (HDR-BT) in combination with additional external beam radiation
therapy (EBRT) for high risk prostate cancer. Int. J. Mol. Sci. 2016, 17, 1879. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/ijms18030488
http://www.ncbi.nlm.nih.gov/pubmed/28245570
http://dx.doi.org/10.3390/ijms18040845
http://www.ncbi.nlm.nih.gov/pubmed/28420168
http://dx.doi.org/10.3390/ijms18061281
http://www.ncbi.nlm.nih.gov/pubmed/28621736
http://dx.doi.org/10.3390/ijms17121970
http://www.ncbi.nlm.nih.gov/pubmed/27898031
http://dx.doi.org/10.3390/ijms17091520
http://www.ncbi.nlm.nih.gov/pubmed/27618028
http://dx.doi.org/10.3390/ijms18020380
http://www.ncbi.nlm.nih.gov/pubmed/28208664
http://dx.doi.org/10.3390/ijms17111784
http://www.ncbi.nlm.nih.gov/pubmed/27792187
http://dx.doi.org/10.3390/ijms18061146
http://www.ncbi.nlm.nih.gov/pubmed/28555004
http://dx.doi.org/10.3390/ijms18051102
http://www.ncbi.nlm.nih.gov/pubmed/28531102
http://dx.doi.org/10.3390/ijms17071163
http://www.ncbi.nlm.nih.gov/pubmed/27447616
http://dx.doi.org/10.3390/ijms17081194
http://www.ncbi.nlm.nih.gov/pubmed/27455254
http://dx.doi.org/10.3390/ijms17101650
http://www.ncbi.nlm.nih.gov/pubmed/27690012
http://dx.doi.org/10.3390/ijms18081640
http://www.ncbi.nlm.nih.gov/pubmed/28788048
http://dx.doi.org/10.3390/ijms18061151
http://www.ncbi.nlm.nih.gov/pubmed/28555048
http://dx.doi.org/10.3390/ijms18050976
http://www.ncbi.nlm.nih.gov/pubmed/28471417
http://dx.doi.org/10.3390/ijms18050934
http://www.ncbi.nlm.nih.gov/pubmed/28468238
http://dx.doi.org/10.3390/ijms18051047
http://www.ncbi.nlm.nih.gov/pubmed/28498319
http://dx.doi.org/10.3390/ijms17111879
http://www.ncbi.nlm.nih.gov/pubmed/27834929


Int. J. Mol. Sci. 2017, 18, 2193 9 of 9

39. Tsumura, H.; Satoh, T.; Ishiyama, H.; Tabata, K.I.; Takenaka, K.; Sekiguchi, A.; Nakamura, M.; Kitano, M.;
Hayakawa, K.; Iwamura, M. Perioperative search for circulating tumor cells in patients undergoing prostate
brachytherapy for clinically nonmetastatic prostate cancer. Int. J. Mol. Sci. 2017, 18, 128. [CrossRef] [PubMed]

40. Lichtinghagen, R.; Musholt, P.B.; Stephan, C.; Lein, M.; Kristiansen, G.; Hauptmann, S.; Rudolph, B.;
Schnorr, D.; Loening, S.A.; Jung, K. MRNA expression profile of matrix metalloproteinases and their tissue
inhibitors in malignant and non-malignant prostatic tissue. Anticancer Res. 2003, 23, 2617–2624. [PubMed]

41. Lein, M.; Jung, K.; Ortel, B.; Stephan, C.; Rothaug, W.; Johannsen, M.; Deger, S.; Schnorr, D.; Loening, S.;
Krell, H.-W. The new synthetic matrix metalloproteinase inhibitor (Roche 28–2653) reduces tumor growth and
prolongs survival in a prostate cancer standard rat model. Oncogene 2002, 21, 2089–2096. [CrossRef] [PubMed]

42. Yoneyama, T.; Ohyama, C.; Hatakeyama, S.; Narita, S.; Habuchi, T.; Koie, T.; Mori, K.; Hidari, K.I.; Yamaguchi, M.;
Suzuki, T.; et al. Measurement of aberrant glycosylation of prostate specific antigen can improve specificity in
early detection of prostate cancer. Biochem. Biophys. Res. Commun. 2014, 448, 390–396. [CrossRef] [PubMed]

43. Llop, E.; Ferrer-Batalle, M.; Barrabes, S.; Guerrero, P.E.; Ramirez, M.; Saldova, R.; Rudd, P.M.;
Aleixandre, R.N.; Comet, J.; de Llorens, R.; et al. Improvement of prostate cancer diagnosis by detecting psa
glycosylation-specific changes. Theranostics 2016, 6, 1190–1204. [CrossRef] [PubMed]

44. Maxeiner, A.; Kilic, E.; Matalon, J.; Friedersdorff, F.; Miller, K.; Jung, K.; Stephan, C.; Busch, J.
The Prostate Health Index PHI predicts oncological outcome and biochemical recurrence after radical
prostatectomy—Analysis in 437 patients. Oncotarget 2017, 8, 79279–79288. [CrossRef]

45. Dani, H.; Loeb, S. The role of prostate cancer biomarkers in undiagnosed men. Curr. Opin. Urol. 2017, 27,
210–216. [CrossRef] [PubMed]

46. Loeb, S. Prostate Cancer: Predicting prostate biopsy results—PCA3 versus Phi. Nat. Rev. Urol. 2015, 12,
130–131. [CrossRef] [PubMed]

47. Stephan, C.; Jung, K.; Semjonow, A.; Schulze-Forster, K.; Cammann, H.; Hu, X.; Meyer, H.A.; Bogemann, M.;
Miller, K.; Friedersdorff, F. Comparative assessment of urinary prostate cancer antigen 3 and TMPRSS2:ERG
gene fusion with the serum [–2]proprostate-specific antigen-based prostate health index for detection of
prostate cancer. Clin. Chem. 2013, 59, 280–288. [CrossRef] [PubMed]

48. MacLellan, S.A.; MacAulay, C.; Lam, S.; Garnis, C. Pre-profiling factors influencing serum MicroRNA levels.
BMC Clin. Pathol. 2014, 14, 27. [CrossRef] [PubMed]

49. Fendler, A.; Stephan, C.; Yousef, G.M.; Kristiansen, G.; Jung, K. The translational potential of MicroRNAs as
biofluid markers of urological tumours. Nat. Rev. Urol. 2016, 13, 734–752. [CrossRef] [PubMed]

50. Zhao, Z.; Stephan, C.; Weickmann, S.; Jung, M.; Kristiansen, G.; Jung, K. Tissue-based MicroRNAs as
predictors of biochemical recurrence after radical prostatectomy: What can we learn from past studies? Int. J.
Mol. Sci. 2017, 18, 2023. [CrossRef] [PubMed]

51. Matin, F.; Jeet, V.; Clements, J.A.; Yousef, G.M.; Batra, J. MicroRNA theranostics in prostate cancer precision
medicine. Clin. Chem. 2016, 62, 1318–1333. [CrossRef] [PubMed]

52. Edwards, S.; Campbell, C.; Flohr, P.; Shipley, J.; Giddings, I.; Te-Poele, R.; Dodson, A.; Foster, C.; Clark, J.;
Jhavar, S.; et al. Expression analysis onto microarrays of randomly selected CDNA clones highlights HOXB13
as a marker of human prostate cancer. Br. J. Cancer 2005, 92, 376–381. [CrossRef] [PubMed]

53. Neuhaus, J.; Schiffer, E.; von Wilcke, P.; Bauer, H.W.; Leung, H.; Siwy, J.; Ulrici, W.; Paasch, U.; Horn, L.C.;
Stolzenburg, J.U. Seminal plasma as a source of prostate cancer peptide biomarker candidates for detection
of indolent and advanced disease. PLoS ONE 2013, 8, e67514. [CrossRef] [PubMed]

54. Ali, A.; Hoyle, A.; Baena, E.; Clarke, N.W. Identification and evaluation of clinically significant prostate
cancer: A step towards personalized diagnosis. Curr. Opin. Urol. 2017, 27, 217–224. [CrossRef] [PubMed]

55. Hendriks, R.J.; van der Leest, M.M.G.; Dijkstra, S.; Barentsz, J.O.; Van, C.W.; Hulsbergen-van de Kaa, C.A.;
Schalken, J.A.; Mulders, P.F.A.; van Oort, I.M. A urinary biomarker-based risk score correlates with
multiparametric MRI for prostate cancer detection. Prostate 2017, 77, 1401–1407. [CrossRef] [PubMed]

56. Tosoian, J.J.; Druskin, S.C.; Andreas, D.; Mullane, P.; Chappidi, M.; Joo, S.; Ghabili, K.; Mamawala, M.;
Agostino, J.; Carter, H.B.; et al. Prostate health index density improves detection of clinically significant
prostate cancer. BJU Int. 2017. [CrossRef] [PubMed]

© 2017 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 (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/ijms18010128
http://www.ncbi.nlm.nih.gov/pubmed/28085051
http://www.ncbi.nlm.nih.gov/pubmed/12894549
http://dx.doi.org/10.1038/sj.onc.1205267
http://www.ncbi.nlm.nih.gov/pubmed/11960381
http://dx.doi.org/10.1016/j.bbrc.2014.04.107
http://www.ncbi.nlm.nih.gov/pubmed/24814705
http://dx.doi.org/10.7150/thno.15226
http://www.ncbi.nlm.nih.gov/pubmed/27279911
http://dx.doi.org/10.18632/oncotarget.17476
http://dx.doi.org/10.1097/MOU.0000000000000384
http://www.ncbi.nlm.nih.gov/pubmed/28212119
http://dx.doi.org/10.1038/nrurol.2015.1
http://www.ncbi.nlm.nih.gov/pubmed/25644161
http://dx.doi.org/10.1373/clinchem.2012.195560
http://www.ncbi.nlm.nih.gov/pubmed/23213079
http://dx.doi.org/10.1186/1472-6890-14-27
http://www.ncbi.nlm.nih.gov/pubmed/25093010
http://dx.doi.org/10.1038/nrurol.2016.193
http://www.ncbi.nlm.nih.gov/pubmed/27804986
http://dx.doi.org/10.3390/ijms18102023
http://www.ncbi.nlm.nih.gov/pubmed/28934131
http://dx.doi.org/10.1373/clinchem.2015.242800
http://www.ncbi.nlm.nih.gov/pubmed/27540032
http://dx.doi.org/10.1038/sj.bjc.6602261
http://www.ncbi.nlm.nih.gov/pubmed/15583692
http://dx.doi.org/10.1371/journal.pone.0067514
http://www.ncbi.nlm.nih.gov/pubmed/23826311
http://dx.doi.org/10.1097/MOU.0000000000000385
http://www.ncbi.nlm.nih.gov/pubmed/28212121
http://dx.doi.org/10.1002/pros.23401
http://www.ncbi.nlm.nih.gov/pubmed/28853167
http://dx.doi.org/10.1111/bju.13762
http://www.ncbi.nlm.nih.gov/pubmed/28058757
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Overview 
	Basic Research 
	Serum Biomarkers 
	Reviews 
	Immunohistochemistry and Other Methods 
	Brachytherapy 
	Summary 

