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Simple Summary: Prostate cancer (PCa) is the most common cancer in men worldwide. Screening
and diagnosis are based on prostate-specific antigen (PSA) blood testing and digital rectal examination.
Nevertheless, these methods are not specific and have a high risk of mistaken results. This has led to
overtreatment and unnecessary radical therapy; thus, better prognostic tools are urgently needed.
In this view, microRNAs (miRs) appear as potential non-invasive biomarkers for PCa diagnosis,
prognosis, and therapy. As the scientific literature available in this field is huge and very often
controversial, we identified and discussed three topics that characterize the investigated research
area by combining the big data from the literature together with a novel machine learning approach.
By analyzing the papers clustered into these topics we have offered a deeper understanding of the
current research, which helps to contribute to the advancement of this research field.

Abstract: Background: Prostate cancer (PCa) is the second leading cause of cancer-related deaths in
men. Although the prostate-specific antigen (PSA) test is used in clinical practice for screening and/or
early detection of PCa, it is not specific, thus resulting in high false-positive rates. MicroRNAs (miRs)
provide an opportunity as biomarkers for diagnosis, prognosis, and recurrence of PCa. Because the
size of the literature on it is increasing and often controversial, this study aims to consolidate the state-
of-art of relevant published research. Methods: A Systematic Literature Review (SLR) approach was
applied to analyze a set of 213 scientific publications through a text mining method that makes use of
the Latent Dirichlet Allocation (LDA) algorithm. Results and Conclusions: The result of this activity,
performed through the MySLR digital platform, allowed us to identify a set of three relevant topics
characterizing the investigated research area. We analyzed and discussed all the papers clustered
into them. We highlighted that several miRs are associated with PCa progression, and that their
detection in patients’ urine seems to be the more reliable and promising non-invasive tool for PCa
diagnosis. Finally, we proposed some future research directions to help future scientists advance the
field further.

Keywords: tumor; microRNA; biomarker; prognosis; text mining; digitalization

1. Introduction

Prostate cancer (PCa) is the most commonly diagnosed cancer and the second leading
cause of cancer death in men in the developed world [1], with a mortality rate expected
to approximately double over the next 20 years [2]. Prostate cancer can be clinically
insignificant (low-risk and localized to the prostate) or significant, in this case it is a
potentially metastatic and aggressive tumor, which requires early detection, and is lethal
if untreated. The prostate-specific antigen (PSA) test is used as a screening biomarker of
PCa, but alone it is not indicative of the disease, therefore digital rectal examination is also
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required. Its diagnosis is based only on histopathological analysis of prostate biopsies. Due
to the widespread use of the PSA test for PCa detection, its incidence rapidly increased,
even if mortality remained stable. The main reason is that, although this test is still a
gold-standard, it is not a specific biomarker, and is not very helpful in distinguishing
aggressive from non-aggressive diseases, thus resulting in a high number of false positives,
as well as it fails to detect indolent disease. This has led to overtreatment with radical
therapy, resulting in a dramatic impact on men and their quality of life. Distinguishing the
aggressive and lethal tumoral form from the indolent one is, therefore, extremely relevant
to limit overtreatment and improve patient outcome. This highlights the urgent need for
more specific and sensitive diagnostic and prognostic tools.

MicroRNAs (MiRs) are small non-coding RNAs that modulate gene expression and
play significant roles in almost all biological pathways, influencing cancer-relevant pro-
cesses, such as proliferation, apoptosis, cell cycle, invasion and migration [3]. Profiling of
miRs in human cancer has generated great interest, and several studies have described their
critical role in PCa pathogenesis [4,5]. More interesting is their potential use as biomarkers
for the early detection, diagnosis, and prognosis of cancer. Indeed, miRs are actively re-
leased by different cell types and detectable in all human bio-fluids, especially in plasma,
serum, and urine, making them suitable as circulating biomarkers for PCa [6,7]

As a considerable number of papers on both miRs and PCa are available in the litera-
ture, a systematic review approach was required to carry out a deep and comprehensive
investigation of the whole literature [8]. The systematic review approach is used when the
number of contributions to be analyzed is huge and, as in this case, heterogeneous and
often controversial. Several studies, for example, reported that upregulated expression of
miR-200 family members in PCa facilitates oncogenic activity and promotes metastasis [9],
despite the prevailing opinion that under-expression of the miR-200 family promotes EMT
and metastasis [10,11].

Machine learning has transformed oncological research in recent years. For instance,
it has been used to classify tissue samples as benign or malignant, or for the early and
automatic detection of cancer by using whole slide images [12]. The technical reason of
massive machine learning adoption in medicine resides in the fast progresses in classifi-
cation models, which supports the adoption of these techniques in many tools such as
image-based ones [13].

This study is the first of its kind in medicine, as the machine learning classification
approach has been used to locate existing studies, select and evaluate quality contributions,
analyze and synthesize results and, finally, report results that can highlight clear conclu-
sions about what is known and what is not yet known [14]. According to Petticrew [15]
“a systematic review is an efficient technique for hypothesis testing, for summarizing the
results of existing studies, and for assessing the consistency among previous studies”.
However, the approach we used is not the traditional one used in medicine, as exempli-
fied by the Cochrane Collaboration [16], but an innovative qualitative approach useful
to provide a comprehensive/integrated analysis on all articles published in prestigious
scientific journals [17]. Consequently, we performed a Systematic Literature Review (SLR)
approach by using the MySLR digital platform to analyze a large number of scientific pub-
lications through a text mining method, which makes use of the Latent Dirichlet Allocation
(LDA) algorithm.

Therefore, the main aim of the present study was to consolidate the state-of-art of the
research published over the last 15 years on the prognostic significance of miRs expression in
PCa, and on their potential use as alternative non-invasive biomarkers. This has produced
a systematic mapping of the insights and knowledge gaps present in existing research, thus
providing useful insights that can contribute to the development of this research field and
suggesting promising directions for future research. This study represents the first attempt
in which a text mining approach was applied on a sample of scientific original articles in a
medical setting.
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2. Methods

We adopted a machine learning approach to deeply analyze a large number of pa-
pers present in the scientific literature to extract latent knowledge useful for the aim of
this research.

We did not contrast studies conducted with the same medical protocol, as in traditional
SLR in medicine. The original research protocol adopted in this study considered scientific
papers that, regardless of the adopted medical protocol, somehow dealt with potential
connections between miRs and PCa.

Although traditional algorithms are developed around numerical and structured
data, the information generated in the scientific literature consists of documents (papers)
that are generally unstructured. Consequently, the LDA algorithm was chosen to extend
machine learning applications, in order to extract information from unstructured textual
data, i.e., scientific journal articles [18]. The behavior that the MySLR platform reproduces
by implementing the LDA algorithm, simulates as close as possible that of a “human-like
intelligence”, it can process a large amount of data, read the texts, understand their content,
extract the required information, and highlight hidden connections among papers. More
in detail, this approach is based on the creation of a model that is able, by analyzing texts,
to autonomously identify within them a set of “topics” (or themes), to identify the topic
addressed by each of them and subsequently to recognize within the various papers the
presence of the topics identified above.

Therefore, we carried out a SLR to offer a complete and exhaustive overview of sci-
entific research on the potential value of miRs as non-invasive biomarkers for PCa. This
was conducted according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [19]. In order to perform this activity, we adopted
the MySLR digital platform [17], a semi-automated tool supporting scientists in per-
forming SLR, which is available at https://myslr.unical.it (accessed on 20 May 2022)
upon registration.

The methodological approach is based on three steps, namely: paper location and
selection, paper analysis, and results presentation, according to Denyer and Tranfield [14],
as discussed below.

2.1. Paper Location and Selection

We searched the PubMed, Scopus, and ISI Web of Knowledge online databases up
to 20 May 2022, to identify relevant studies published between 2007 (year in which the
first paper in the investigated field was published) and 2022. The terms associated with
the keywords were: (“microRNA” OR “miRNA” OR “miR”) AND (“prostate cancer” OR
“prostate carcinoma” OR “prostate tumour” OR “prostate tumor” OR “prostate neoplasm”)
AND “biomarkers” AND “prognosis”. The search string was structured in such a way
that the results contained papers with at least one term from each set in the title, abstract
and keywords.

2.2. Paper Analysis

At this stage, after removing duplicates, we examined papers (n = 618) to identify
relations and common points among them.

Studies that met the following inclusion criteria were considered eligible:

i. The study was conducted on human cells, tissue or patients with PCa (not xenografts
or other animal models).

ii. The study measured the expression of miRs in serum/plasma/urine or cells/tissues.
iii. The study investigated the association between prognosis outcomes and miRs expres-

sion.

Studies were excluded if:

i. The study tested the prognostic role of target genes instead of the miR itself.

https://myslr.unical.it


Cancers 2022, 14, 5418 4 of 24

ii. The study involved other non-coding RNAs with as yet unknown functions, such as
circular RNAs, long non-coding RNAs and small nucleolar RNAs.

iii. The clinical study lacked key information such as hazard ratio (HR), 95% confidence
intervals (CI), p value, and survival curves.

iv. The study was a review, an editorial article, a meta-analysis, a letter to editors, a short
communication, a conference paper, an erratum, a chapter book, a note, a personal
opinion and commentary, or a retracted publication.

We independently evaluated pertinent papers by examining titles, abstracts, and full
texts matching the appropriate criteria. At the end, 213 journal articles were included in
the final set of eligible documents for further topic extraction analysis.

To highlight the main research topics in the context of miRs as potential biomarkers in
PCa, we performed a text mining method on the final set of 213 papers. This method is
based on LDA, a statistical procedure that provides each document with a distribution along
a certain number of topics. The model treats documents as topics probability distribution
and topics as words distributions.

In Natural Language Processing, a topic model is a statistical model whose objective is
to find the abstract “topics” (or themes) contained in a set of documents. The topics are not
known a priori but are independently identified by the algorithm based on the frequency
and number of occurrences of the words in the various texts. By exploiting statistics of this
type, the used algorithm was able to identify three main general topics (the so-called topics)
related to the keywords given by the LDA procedure present in the various texts, and to
correctly assign each text its respective semantic topic. This procedure provides as output:

• k sets of relevant keywords (where each set represents a topic).
• The document-term matrix, i.e., a matrix describing how much each paper is statisti-

cally related to a specific topic (namely, the topic proportion).

2.3. Results Presentation

The last step of the methodological approach is elucidated in the sections “Results”
and “Discussion”. The aim of this step is to clearly describe and discuss the results of the
LDA procedure by means of a detailed human-based review of significant papers gathered
around the three topics.

3. Results

An overall number of 618 unique studies were retrieved from the initial literature
search. Of these, 138 papers were removed as they reported non-relevant studies such
as reviews, book chapters, meta-analyses, and other not relevant publications. Full-text
reading and analysis resulted in removal of 267 other studies for reasons such as inability
to access full text or unsatisfactory reporting of results, or that they did not meet the above
inclusion criteria. Ultimately, a total number of 213 studies were considered eligible. The
flowchart shown in Figure 1 elaborates the algorithm of selection of final studies for this
systematic review.

As shown in Figure 2, the interest of the scientific community on the issue is evident. It
is not surprising that the debate around this theme has received the attention of numerous
original articles over time, especially starting from 2017. In fact, if we do not consider 2022,
which is still ongoing, over 60% of the articles have been published in the last 5 years.

According to the indication provided in Blei [18], we selected the k value (number
of topics to be extracted) of 3, which ensured a satisfactory value of topic coherence
(−1.09) [20] in unison with an easy interpretation of the results for a human reader.
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Figure 1. Flow diagram showing the algorithm of selection of eligible studies included in the SLR.
The search process was carried out until 20 May 2022.

Figure 2. Published articles by year.

Thanks to the LDA procedure, we identified relevant keywords associated to each of
the three topics. In Figure 3, a graphical representation of the most relevant keywords for
each topic is provided in the form of “word cloud”.

Figure 3. Word cloud highlighting the importance of the topic keywords.
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As shown in Figure 4, although the issue under investigation has been increasingly
considered by researchers over recent years, the trend of the topic papers over time is
different. First, topic 1, after a fairly slow start, has had a rapid increase since 2017, and
recently it has gained increasing interest (Figure 4, blue). In contrast, topic 2 has had a
steady growth over time until it reached its highest peak in 2018, then its interest decreased
(Figure 4, green). A similar trend can be observed for topic 3, which reached its peak of
interest around 2018–2019 (Figure 4, yellow).

Figure 4. Topic papers over time.

The three topics identified through the LDA algorithm are presented and discussed
below. Then we performed a human-based review on a subset of relevant papers to infer
a meaningful description of each topic. Based on the main concepts of the papers, we
developed the discussion starting from topic 3, then we treated topic 2 and finally topic 1.

3.1. Topic 3—Study of miRs in Human PCa

Looking at the top-30 most relevant terms and their frequency within papers grouped
around the selected topic (Figure 5), and then by analyzing the 91 papers clustered into
this topic, it was evident that the cornerstone of the topic was the role of miRs in PCa
progression and development.

The miRs can act as oncogenes (if upregulated in PCa) or tumor suppressors (downreg-
ulated miRs) and contribute to the development and progression of tumors, thus affecting
the prognosis and survival of cancer patients. Most of these papers share results obtained
from in vitro experiments to explore the function of candidate miRs. Authors identified miR
signatures that were able to differentiate malignant PCa from benign prostate hyperplasia.
The MiR expressions were determined mostly by qPCR. Furthermore, the identification
of miR target genes and their pathways played a significant role in a better knowledge of
PCa. Thus, miRs can act as oncogenes or tumor suppressors in PCa by influencing multiple
cancer-related processes, among which the main are cell growth and proliferation, apopto-
sis, migration, invasion, and metastasis, as well as epithelial to mesenchymal transition
(EMT). The most relevant and representative papers clustered in the topic are summarized
in Table 1, from which deregulated miRs in PCa, their putative targets and main regulatory
effects on tumors, together with other pathological data, can be found.
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Figure 5. Inter-topic Distance Map related to topic 3. Circle 1 indicates topic 1, circle 2 is topic 2 and
circle 3 is topic 3.

Table 1. List of the most relevant and representative papers clustered in the topic 3 over time.

Year Ref. miRNAs Main Regulatory
Effect

Clinicopathological
Data Category Number of

Patients p Value

2022 [21]
miR-1273

g-3p

Promotes tumor
progression by
increasing cell

proliferation, migration
and invasion

Age ≤65; >65 54; 51 0.378
PSA (ng/mL) <10; ≥10 51; 54 0.284
Differentiation Poor; well moderate 48; 57 0.139
Gleason score ≤7; >7 55; 50 0.024

TNM stage I-II; III-IV 57; 48 0.008
Clinical stage T1- T2 54; 51 0.015

Lymph node metastasis No; Yes 56; 49 0.014

2021

[22] miR-199-5p
Suppresses PCa

metastasis by inhibiting
EMT pathway

Age ≤65; >65 58; 36 0.424
PSA (ng/mL) <10; 10–20; >20 27; 30; 37 0.061
Gleason score <7; =7; >7 38;28; 28 <0.001
Clinical stage ≤T2; ≥T3 65; 29 0.278
Lymph node
involvement Neg; Pos 89; 5 0.636

Distal metastases Yes; No 38; 56 0.003

[23] miR-877-5p Suppresses PCa via
forkhead box M1

Age <60; ≥65 53; 48 0.940
Tumor size ≤3; >3 62; 39 0.849

PSA (ng/mL) ≤10; >10 65; 36 0.196
Surgical margin Neg; Pos 72; 29 0.433

Prostate volume (ml) ≤50, >50 66; 35 0.878
TNM stage I–II; III 54; 47 0.011

Gleason score ≤7; >7 68; 33 0.047

[24] miR-92b-3p

Suppresses PCa by
inhibiting cell

proliferation, migration,
and invasion

Age <60; ≥60 41; 67 0.685
PSA (ng/mL) <10; ≥10 34; 74 0.009

Bone metastasis Neg; Pos 55; 53 0.033
Gleason score ≤7; >7 59; 49 0.001
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Table 1. Cont.

Year Ref. miRNAs Main Regulatory
Effect

Clinicopathological
Data Category Number of

Patients p Value

2020

[25] miR-130b

Inhibits PCa
angiogenesis via TNF-
α/NF-kB/VEGFA

axis

N/A N/A N/A N/A

[26] miR-495

Promotes cancer
progression via

KDM5A/miRNA-
495/YTHDF2/m6A-

MOB3B
axis

N/A N/A N/A N/A

[27] miR-671-5p

Promotes PCa
development and

metastasis via
NFIA/CRYAB axis

Age ≤72; >72 23; 17 0.31
Clinical stage T2; T3–T4 26; 14 0.75
Gleason score <7; ≥7 5; 35 0.70

Lymph node metastasis N0; N1 28; 12 0.42
Distant metastasis M0; M1 25; 15 0.004

[28] miR-137- 3p
Inhibits PCa

progression via
JNK3/EZH2 axis

Gleason score 6; 7; 8 4; 10; 6
N/AGrading System 1, 2, 3, 4 6; 4; 4; 6

Tumor Stage I; II; III, IV 4; 9; 6; 1

[29] miR-138-5p Inhibits PCa
progression via FOXC1

Age <60; ≥60 24; 36 0.830
Tumor size (cm) <4; ≥4 28; 32 0.526

Gleason score ≤7; >7 40; 20 0.025
Lymph node metastasis No; Yes 37; 23 0.009

Bone metastasis No; Yes 35; 25 0.109

[30] miR-140

Inhibits PCa cell
invasion and migration

via YES
proto-oncogene 1

N/A N/A N/A N/A

2019

[31] miR-515-5p Inhibits PCa
progression via TRIP13

Gleason score <7; =7; >7 45; 15; 36 <1

Clinical stage T1–T2; T3–T4 41; 55 0.007

[32]
miR-106a-

363
cluster

Inhibits PCa
progression by
inhibiting IFNΥ

pathway

N/A N/A N/A N/A

[33]
miR-148—3p
miR-152-3p

Inhibits PCa
progression by

repressing KLF4

Age ≤65; >65 26; 16

N/A
PSA (ng/mL) ≤10; >10 23; 19

Tumor size (mm) ≤20; >20 20; 22
pT-stage pT2; pT3a; pT3b 19; 16; 7

Gleason grade 1; 2; 3; 4; 5 12; 16; 3; 5; 6

[34] miR-214-5p

Inhibits PCa
proliferation and

migration by increasing
levels of CRMP5

N/A N/A N/A N/A

[35] miR-455-5p
Suppresses PCa
progression by
targeting CCR5

Gleason score <7; =7; >7 32; 55; 19 <0.001

PSA (ng/mL) ≤10; >10 44; 63 0.006

[36] miR-425-5p
Promotes PCa

development by
targeting FOXJ3

N/A N/A N/A N/A

[37] miR-198 Suppresses PCa by
targeting MIB1 Gleason score <7; >7 149; 13 0.02

[38] miR-505
Suppresses PCa
progression by

targeting NRCAM

Tissue Cancer; non cancer 50; 23 0.432
Age ≤60; >60 12; 68 0.331

Gleason score ≤7; >7 31; 19 0.032
Pathological grade ≤2; >2 4; 46 0.010

Tumor stage T1; T2-T4 29; 21 0.351
Lymph node metastasis N0; N1 43; 7 15; 2

Distant metastasis M0; M1 44; 6 0.093
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Table 1. Cont.

Year Ref. miRNAs Main Regulatory
Effect

Clinicopathological
Data Category Number of

Patients p Value

2018

[39] miR-373-3p
Inhibits PCa

progression by
targeting AKT1

N/A N/A N/A N/A

[40] miR-1246

Inhibits PCa cell
proliferation,

invasiveness, and
migration via EMT

pathway

Pathological stage pT2a; pT2b; pT3; pT4 3; 17; 11; 36 0.002
Gleason score ≤7; >7 31; 34 0.7263

Lymph node metastasis Yes; No 25; 43 0.0436
Age 40–59; 60–79 18; 49 0.9576

Serum PSA ≤6.78; >6.78 32; 33 0.1778
Race White; Black 61; 7 0.3528

[41] miR-410-3p

Promotes PCa
progression by

regulating
PTEN/AKT/mTOR
signaling pathway

Age <70; ≥70 16; 26 0.596
Metastasis No; Yes 9; 33 0.001

Gleason score <7; ≥7 19; 23 0.006
Clinical stage T1; T2-T3 17; 25 0.003

PSA levels (ng/mL) <10; ≥10 20; 22 0.370

[42] miR-141

Inhibits PCa cell
proliferation, migration,

and induces cell
apoptosis by targeting

RUNX1

N/A N/A N/A N/A

[43] miR-29c

Inhibits PCa cell
proliferation and

glycolysis by inhibiting
SLC2A3 expression

Metastasis No; Yes 127; 14 <0.001
Gleason score <7; 8; 9 227; 49; 76 <0.001

Pathological stage II; IIIa; IIIb; IV 148; 31; 81; 4 <0.01

2017

[44] miR-30d

Promotes angiogenesis
and tumor growth via

MYPT1/c-
JUN/VEGFA

pathway

Age <66; ≥66 93; 20 0.613
PSA levels (ng/mL) <4; ≥4 22; 89 0.003

Gleason score <8; ≥8 87; 19 0.010
Clinical stage <T2a; ≥T2a 65; 44 0.007

Pathological stage T2a–T2c; T3a–T4 71; 37 0.004
Metastasis No; Yes 94; 19 0.001

Overall survival Alive; Died 99; 14 0.097

[45] miR-30c

Promotes PCa cells
invasion by

downregulating KRAS
protein

N/A N/A N/A N/A

[46] miR-2909

Promotes oncogenic
functions by

attenuating TGFβ
signaling

N/A N/A N/A N/A

2016

[47] miR-24
Inhibits PCa by

regulating
CDKN1B/p27

Age ≥41; ≤67

N/A N/A
PSA levels (ng/mL) ≥4.5; ≤17.7

Gleason score ≥5; ≤8
TMN pT2; pT3a

[48] miR-195
Promotes PCa
progression by

targeting HMGA1
N/A N/A N/A N/A

2015 [49] miR-503

Suppresses PCa cell
proliferation and

metastasis by targeting
RNF31

Age <70; ≥70 77; 63 0.886
Lymph node metastasis No; yes 124; 16 0.051

Clinical stage T1; T2–T3 85; 55 0.004
Gleason score <7; =7; >7 65; 34; 41 <0.001

PSA levels <4; 4–10; >10 6; 45; 79 <0.001

2014 [50] miR-224
Inhibits PCa

progression by
targeting TRIB1

Age <66; ≥66 89; 25 0.08
PSA levels (ng/mL) <4; ≥4 24; 90 0.02

Gleason score <8; ≥8; 91; 23 0.09
Clinical stage <T2a; ≥T2a 66; 48 0.04

Pathological stage T2a; T2c; T3a–T4 76; 38 0.08
Metastasis No; Yes 91; 23 <0.001

2013 [51] miR-4723
Inhibits PCa growth by

targeting AbI kinase

Gleason grade 4–6; 7; 8–10 51; 33; 14
N/APathological stage pT2; pT3 65; 19

Biochemical recurrence Yes; no 47; 42
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Table 1. Cont.

Year Ref. miRNAs Main Regulatory
Effect

Clinicopathological
Data Category Number of

Patients p Value

2012

[52] miR-23b

Suppresses PCa by
repressing

proto-oncogene Src
kinase

Pathological stage pT2; pT3–pT4 89; 61 <1 × 10−4

Gleason score 4–6; 7; 8–10 46; 52; 34 <0.001
Biochemical recurrence yes 36 <1 × 10−4

[53] miR-708

Promotes PCa
progression by

regulating CD44+ and
AKT2

Age 40–59; 60–89 33; 68 0.6557
Gleason score 4–6; 7; 8–10 36; 41; 23 8 × 10−4

Pathological stage pT2; pT3; pT4 57; 42; 2 0.1095
Biochemical recurrence Yes; No 24; 76 0.0138

[5] miR-205

Inhibits PCa cell
migration and

metastasis via the EMT
pathway

Metastasis

N/A N/A

<1 × 10−5

Lymph node
involvement <0.01

Biochemical recurrence 0.00191
Gleason score

PSA levels

Abbreviations: N/A means Not Applicable.

3.2. Topic 2—Potential of miRs as Biomarkers in Translational Research of PCa

The top-30 most relevant terms of this topic (i.e., the most frequent terms within
papers grouped in this topic) (Figure 6), are indicative of a research “network” focus on
the evaluation of miRs potential in translation research. Indeed, the 66 analyzed articles
aimed to elucidate the relationship of miRs expression with clinicopathological data, and
to evaluate the potential of miRs as prognostic and diagnostic biomarkers in PCa.

Figure 6. Inter-topic Distance Map related to the topic 2. Circle 1 indicates topic 1, circle 2 is topic 2
and circle 3 is topic 3.

Because of the molecular heterogeneity of PCa, the ideal biomarker for early diagnosis
and prognosis should be capable of identifying potentially aggressive tumors at the stage in
which they are still treatable, while minimizing the detection of indolent disease. Aberrant
expression of miRs in PCa patients could be a prognostic biomarker, associated with
aggressive progression or indicative of poor prognosis. A limitation of these studies
is that they often report inconsistent and/or controversial results, due to differences in
clinical heterogeneity, study designs and methods of sample collection. Clearly, all these
controversial results delay translation from bench to bedside.
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Using the MySLR digital platform, we were able to analyze this huge and hetero-
geneous number of papers, and select and evaluate quality contributions that matched
the selected search criteria. In most of the papers, survival was assessed by using the
Kaplan–Meier method, differences in survival according to miRs expression were com-
pared by using the log-rank test, while the prognostic values of miRs expression and clinical
outcomes were evaluated by Cox regression analysis. Moreover, many analyses were also
performed by using bioinformatics tools, such as the “PANTHER” online tool or a deep
learning “autoencoder” model.

Therefore, the most relevant publications in the scientific literature reporting miRs as
potential prognostic biomarkers in PCa are clustered in this topic (Table 2).

Table 2. List of the most relevant and representative papers clustered in topic 2 over time. N/A:
Not Applicable.

Year Ref. miRNAs Bioinformatic
Analysis

Clinicopathological
Data Category Number of

Patients p Value

2022 [54]

miR-25-3p,
miR-93-3p,

miR-122-5p,
miR-183-5p,
miR-615-3p,

miR-7-5p, miR-375
and miR-92a-3p

N/A Gleason score 6–9 493 <0.01

2021

[55]
miR-146a

N/A

Gleason score <7; ≥7

100

0.43
Clinical stage pT2; pT3 0.004

mi-100
Biochemical recurrence Yes; No 0.011

PSA levels (ng/mL) <10; ≥10 0.003

[56] miR-143, miR-378a N/A

Overall 494
188; 290; 9

46; 245; 64; 136;
3

5.33 ×
10−9

<0.001

TNM stage 2; 3; 4
Gleason score 6; 7; 8; 9; 10

C-index 0.684

[57] 70 miRs PANTHER N/A N/A N/A N/A

2020

[58]

miR-17-5p,
miR-20a-5p,
miR-92a-3p,
miR-93-5p

Cancer Genome Atlas N/A N/A N/A N/A

[59] 69 miRNAs CytoHubba

Clinical stage
Gleason score

PSA levels
Race

T2
7

≤10
49 N/A

2019

[60] miR-93-5p Cancer Genome Atlas
and Gene Ontology N/A N/A N/A N/A

[61] miR-182 N/A

Age 60

133
Race/ethnicity White, black 0.97
Gleason score 5–9 0.22
Clinical stage T2–T3 0.16

[62]

miR-142-3p,
miR-142-5p,
miR-223-3p,
miR-342-3p,
miR-374b-5p

N/A
PSA levels 4–10 ng/mL

24 0.02
Gleason score 6–8
Clinical stage T1–T3

[63] miR-21, miR-221 N/A
Gleason score 6–10

100 <0.01
Clinical stage T1–T4

[64] miR-21, miR-141,
miR-221 N/A N/A N/A N/A N/A

[65] miR-21 Gene Expression
Omnibus N/A N/A N/A N/A



Cancers 2022, 14, 5418 12 of 24

Table 2. Cont.

Year Ref. miRNAs Bioinformatic
Analysis

Clinicopathological
Data Category Number of

Patients p Value

2018

[66] 13 miRNAs miRcode, Gene
Ontology N/A N/A 499 <0.05

[67]

miR-101-3p,
miR-145-5p,
miR-204-5p,

miR-198, miR-152

Gene expression
omnibus N/A N/A 142 <0.05

[68]

miR-23a,
miR-10b-5p,
miR-133a,

miR-374-5p

N/A
Age 65

123Clinical stage T2–T3
Gleason score I–V

[69] miR-15a, miR-16-1 N/A
Age 65

70
0.02,
0.007
0.001

Gleason score ≤7, >7
Clinical stage ≤T2, >T2

[70] miR-21
Cancer genome Atlas;

Gene Expression
Omnibus

Clinical stage T2–T4

N/A <0.001,Tumor stage III–IV
PSA levels ≥10

Gleason score ≥7

[71]
miR-99a-3p

Cancer genome Atlas;
Gene Expression
Omnibus, Kyoto

Encyclopedia of Genes
and Genomes

Age <60, ≥60 201, 203 0.917

Race White, black,
Asian 146, 7, 2 0.759

Stage I–II, III–IV 187, 300 0.347

[72] miR-141 N/A
Age 67

30
0.389

PSA levels (ng/mL) 30 <0.001,
Prostate volume (g) 89 <0.001,

2017

[73] miR-200c,
miR-200b

N/A

Age <65, ≥65 30; 72 0.007

Ancestry Caucasian;
African 79; 23 0.94

Smoking habit Yes; No 31; 71 0.96
Alcohol consumption Yes; No 58; 44 0.55

Family history of
cancer

Yes; Yes,
prostate; No 62; 16; 40 0.09

[74] 14 miRNAs N/A
Age

N/A 89 N/APSA levels
Metastasis

[75] miR-1 N/A N/A N/A 78 <0.001

[76]
miR-21, miR-34a,

miR-125b, miR-126,
miR-143, miR-145

N/A

Age 52–71 49

0.016
PSA level <10; 10–20; >20 28; 17; 4

Gleason score ≤6; 7; ≥8 19; 28; 2

Clinical stage T2a; T2b; T2c;
T3a; T3b 4; 5; 32; 3; 5

[77] miR-711 GO, KEGG

Age <60, ≥60 13; 61

<0.05
Smoking habits Yes; No 49; 25

PSA levels Median; High 23; 51
Gleason score 7; ≥7 31; 43

2016 [78]

Let-7c, let-7e, let-7i,
miR-26a-5p,
miR-26b-5p,
miR-24-3p,

miR-23b-3p,
miR-27-b-3p,
miR-106a-5p,
miR-20b-5p,
miR-18b-5p,

miR-19b-2-5p,
miR-363-3p,

miR-497, miR-195,
miR-25-3p,
miR-30c-5p,

miR-622,
miR-874-3p,

miR-346, miR-940

N/A

Age >75 64

N/A

PSA levels (ng/mL) >3, <10
Gleason score 6; 7; 8 35; 15; 4

Clinical stage cT1c; cT2a; T2b;
T2c 40; 4; 8; 12
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Table 2. Cont.

Year Ref. miRNAs Bioinformatic
Analysis

Clinicopathological
Data Category Number of

Patients p Value

[79] miR-21 N/A N/A N/A 92 <0.05

[80] miR-301a GEO 197 <0.01

[81] miR-30c; miR-2013 N/A

Age <50; >50 21; 23 0.091
TNM stage I + II; III + IV 19; 25 0.039

Metastatic status Yes; No 18; 26 <0.001
Clinical stage T1 + T2; T3; T4 17; 14; 13 0.0167

2015

[82] miR-1290 miR-375 N/A
Overall 23

N/AGleason score 7; 8; 9 10; 4; 9
Clinical stage T1-T4 23

[83] miR-29a, miR-10a,
miR-221 TCGA, GO, KEGG 551 1 × 10−5

[84] miR-21 N/A
Clinical stage

N/A 75 <0.001Lymph node metastasis
Tumor differentiation

2014

[85]
miR-21;
miR-141;
miR-221

N/A

Age 58.5 ± 7

59
0.0149;

<1 × 10−4;
2 × 10−4

Race White
Pathologic stage T2–T3

Gleason score 6–8

[86] miR-628-5p N/A N/A N/A 36 <1 × 10−4

[87] miR-605 N/A

PSA levels (ng/mL)

2–7; 8–10 846

<0.001
Gleason score <0.001

Pathologic stage <0.001
Surgical margin <0.001

[88] miR-21 N/A

Age ≤65; <65 357; 176
Clinical stage T2; T3a; T3b 324; 114; 47 <0.001

PSA levels (ng/mL) <10; >10 308; 221 <0.001
Gleason score 6; 7; 8; >8 183; 300; 19; 33 <0.001

Tumor size (mm) 0–20; >20 250; 285 <0.001

[89]
miR-7

N/A N/A N/A N/A
0.012;

miR-221 0.002
miR-222 0.002

2013

[90]
miR-141,

miR-146b-3p,
mir-194

N/A

Age 60 16 0.0857
PSA levels <10; ≥10 11; 5 0.0282

Gleason score 7; 9 12; 4 0.001
Clinical stage T2-T3 6; 10 0.001

[91] miR-224 N/A

Overall

9.23 ± 0.69
64.8 ± 0.74 73

PSA levels (ng/mL)
Age

Gleason score <0.001
Clinical stage 0.005

2012

[92]
Let-7e, let-7c,

miR-346; miR-622,
miR-940, miR-1285

N/A
Age 73 ± 8 105

0.18
<0.001

PSA levels (ng/mL) 0–4; 4.1–20; >20 42; 28; 31
Gleason score 6–7; 8–9 62; 37

[93] miR-96, miR-182,
miR-143 GEO N/A N/A N/A N/A

2011 [94]
miR-16, miR-34a,

miR-126, miR-145,
miR-205

MicroCosm,
KEGG N/A N/A N/A 0.001

3.3. Topic 1—Use of miRs as Biomarkers for PCa in the Clinical Setting

As shown in Figure 7, some of the most relevant terms in all 56 papers clustered into
topic 1 are “urinary”, “urine”, “urine_sample”. Analysis of all the papers singularly clearly
revealed the focus of this topic is the possible use of miRs in the clinical setting as diagnostic
or prognostic markers for PCa.
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Figure 7. Inter-topic Distance Map related to topic 1. Circle 1 indicates topic 1, circle 2 is topic 2 and
circle 3 is topic 3.

Studies clustered in this topic monitored human miRs in PCa patients by both liquid
and tissue biopsies approaches. Scientists assessed miRs expression profiles in PCa tissues
and biofluids, including urine, serum/plasma, semen, and prostate secretion fluids at
various stages of the disease, and examine their potential as prognostic markers in PCa,
as can be seen from Table 3, in which the most relevant papers clustered in the topic
are summarized. This research area that investigates circulating miRs as markers is a
rapidly developing area; indeed, the topic is based on a growing body of studies whose
interest has grown especially over the last 5 years (Figure 4, blue and Table 3). Analysis of
miRs in prostate tissue is routinely performed on fresh tissue, but also in formalin fixed
paraffin embedded tissue (FFPE) due to the stable nature of miRs, by using microarrays,
next generation sequencing (NGS) and qRT-PCR. For many years, biopsies have been
the gold standard to determine clinicopathological characteristics of cancer tissues, but
the procedure is very aggressive and uncomfortable for patients. During the last years,
non-invasive methods have shown relevance, because they could be good indicators for
cancer detection at the molecular level. Cancer cells can release miRs, which are stabilized
by their incorporation into microvesicles secreted by the prostate, these are detectable in
body fluids without requiring invasive biopsies. Several body fluids such as blood/serum,
semen, urine, etc. have been used. Detection of miRs in blood/serum has some limitations
and is often controversial. Appropriate endogenous controls for miRs quantification in
serum are under debate because many mRNA and rRNA species are absent in blood/serum
due to circulating RNases. Furthermore, changes in circulating miRs can occur because of
therapies, diet, or other factors, thus increasing noise in these assays. However, in addition
to serum and plasma, miRs have been identified in other body fluids, in particular semen
and urine, which makes them even more interesting biomarkers candidate for PCa. Most of
the papers clustered in topic 1 report urine as an excellent option and a reliable non-invasive
tool for identifying PCa, and several diagnostic methods have also been described. They
are available to detect the presence or absence of miRs involved in the development of the
disease by using a non-invasive urine-based test.
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Table 3. List of the most relevant and representative papers clustered in topic 1 over the time. N/A:
Not Applicable.

Year Ref. miRNAs Biological Fluid Number of
Patients

Interval Time of miRNA Processed
after Sample Collection

2021

[95]
miR-21, miR-16,

miR-142-3p, miR-451,
miR-636

Urine 149 Exosomes isolation from samples and
incubation overnight at 4 ◦C

[96]

miR-3195, let-7b-5p,
miR-144-3p, miR-451,

miR-148a-3p,
miR-512-5p,
miR-431-5p

Urine 149 Overnight at −80 ◦C

[97] miR-5100 Plasma 102 After 1 h

[98] miR-940 Serum and urine 32 N/A

[99]

miR4732-3p,
mir-98-5p,

miR-let-7a-5p,
miR-26b-5p,
miR-21-5p

Plasma 290 N/A

[100] miR-21, miR-1246,
miR-let-7b Urine 10 After 20 min

2020

[101] miR-182, miR-187 Urine 63 N/A

[102]
miR-142-3p,
miR-142-5p,
miR-223-3p

Semen 7 After 30 min at 37 ◦C

2019
[103]

miR-151 a-5p,
miR-204-5p,
miR-222-3p,
miR-23b-3p,
miR-331-3p

Urine 215 Fresh urine samples

[104] miR-494 Serum 90 N/A

2018 [105]
miR-222-3p

miR-24-3p/miR-30c-
5p

Urine 215 N/A

2017

[106] miR-375, miR-200c-3p,
miR-21-5p, let-7a-5p Plasma 50 Within 2 h

[107]
miR-21, miR-141,

miR-214, miR-375,
let-7c

Urine 60 Stored at 4 ◦C and processed within 4 h

[108] miR-193b Tissue and urine 180 Fresh samples

[109] miR-155, miR-152,
miR-137 and miR-31 Tissue 129 N/A

[110]

miR-32-5p,
miR-455-4p, miR-184,

miR-31-5p,
miR-200b-3p,
miR-19b-3p,
miR-34a-5p,
miR-32-5p,

miR-143-5p,
miR-200b-3p and

miR-375

Blood 34 Fresh samples
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Table 3. Cont.

Year Ref. miRNAs Biological Fluid Number of
Patients

Interval Time of miRNA Processed
after Sample Collection

2016

[111]
miR-200c, miR-605,
miR-135a, miR-433

and miR-106a
Serum 16 N/A

[112] miR-21, miR-19a and
miR-19b Urine 143 within half an hour

[113] miR-410-5p Serum 149 within 1 h

[114] miR-100, miR-200b Urine Samples were stored at −80 ◦C for one
week and further processed

2015

[115] miR-141 Serum 11 1 h at room temperature

[116] let-7c, miR-30c,
miR-141 and miR-375 Plasma 11 1 h

[117] miR-375 Serum 146 Samples stored at −80 ◦C until RNA
isolation

[118] miR-133b, miR-221,
miR-361-3p

Prostate secretion
samples 23 Samples stored at −80 ◦C until RNA

isolation

2014 [119] miR-187 and miR-182 Tissue and urine 92 Fresh samples

2012 [120] miR-107 and
miR-574-3p Plasma and urine 78 and 135 10 min plasma samples; stored at 4 ◦C

for up 4 h urine samples

2011
[121] miR-375 and miR-141 Serum 71 30 min at room temperature

[122] 384 human miRNAs Serum 36 N/A

2008 [123]
miR-100, miR-125b,
miR-141, miR-143,
miR-205, miR296

Plasma and serum 25 Within 2 h

4. Discussion

Considering the above, advances in early detection are crucial. Scientists have just
started to evaluate the role of miRs as clinical biomarkers for PCa detection. Urine-based
miR tests seem to be the most useful in PCa diagnosis and prognosis and may help
to reduce the number of unnecessary prostate biopsies and guide treatment decisions.
Tumor cells release exosomes into biological fluids, and so also into urine, molecules
inside are protected from degradation by the exosomal lipid bilayer. As exosomes contain
tumor-driven molecules (including miRs), urinary exosomes have been considered ideal
substrates for the development of non-invasive biomarkers. Furthermore, the number
and composition of exosomal miRs are different between healthy and diseased patients,
therefore, the study of novel biomarkers in exosomes is a promising research field for
studying PCa prognostic biomarkers [95]. Zhuo et al. investigated whether exosomal
miR-141 is an effective biomarker for human PCa. They showed that miR-141 expression
was higher in exosomes and in PCa patients than in whole serum and patients with
benign prostatic hyperplasia. Expression levels were also significantly higher in metastatic
PCa than in localized PCa (p < 0.0001) [115]. Recently, levels of specific miRs were also
measured in exosomes from urine samples in order to develop a model for the prediction
of biochemical recurrence after radical prostatectomy for curative purposes [103]. An
alternative method uses field-effect transistor (FET)-based sensors, which allow to measure
chemicals and biomolecules with electrical signals. In particular, a label-free urinary miR
sensing system was reported, it was based on a disposable and switchable graphene-based
electrical sensor with high sensitivity and specificity in urine samples useful as a non-
invasive method. This sensor enables rapid and direct detection of target miRs over a wide
dynamic range, with a detection limit of up to 10 fM in human urine samples within 20 min,
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and it also allows for simultaneous quantification of multiple miRs [100]. To identify and
validate urinary miRs with the aim of increasing the specificity of PCa diagnosis, several
clinicopathological parameters of patients are taken into account. Among these, PSA is used
as a clinical biomarker for PCa diagnosis. Guadarrama et al. demonstrated that the model
including the miR-100/200b signature significantly outperformed the ability of PSA to
discriminate between PCa and benign prostatic hyperplasia [114]. Fredsoe et al. observed
expression levels of different miRs by qPCR in cell-free urine samples from patients with
benign prostatic hyperplasia and from those with clinically localized PCa. Furthermore,
they developed a new diagnostic model of three miRs (miR-222-3p*miR-24-3p/miR-30c-5p)
which distinguished benign prostatic hyperplasia from PCa [105]. Moreover, urinary levels
of miR-21 also had significant discriminatory power (p = 0.010) to separate benign prostatic
hyperplasia from PCa by using real time PCR [112]. A different approach is to analyze
serial urine samples from patients with localized PCa. Urine miRs validation was generated
from three patient cohorts with different Gleason scores. First, temporally stable miRs were
measured, and a predictive biomarker of the Gleason score, used as a clinicophatological
parameter, was created by using machine-learning techniques [96]. Although most of the
papers clustered in topic 1 agree to consider urine as a reliable non-invasive sample for
identifying PCa status by testing miRs, the diagnostic methodologies used are several and
different, as described above, thus highlighting the limitations of any clinical application
of miRs.

Although, as already noted, the research in the field is moving in this direction,
before an actual clinical test can be developed further studies are needed, including large
sample sets with well-supported validation through long-term clinical data. It seems
necessary to establish widely accepted guidelines in the near future, which will determine
the best urine-related method, sampling and processing, sample storage, miRs isolation
and quantification, quality control and data analysis, in order to minimize the high inter-
and intra-tumoral variability. Finally, prior to any clinical application of miRs, optimization
is critical to enhance PCa detection, as well as to use miRs in cancer therapy. Moreover, the
use of miRs as prognostic markers in PCa may help to define subpopulations of patients
with significantly different expected outcomes, who could benefit from different therapies.
Patients with a good prognosis may not require additional treatment beyond the primary
surgical resection, while patients with a poor prognosis may derive improved survival
from adjuvant therapy. Hence, prognostic markers could potentially be “drivers” of cancer
progression. Apart from well-noted diagnostic and prognostic values, miRs also provide a
potential treatment option for PCa. MiR-based therapy has a great potential to be a more
powerful tool in tumor treatment due the simultaneous modulation of multiple genes
involved in distinct tumor-related signaling networks. In this view, personalized anticancer
therapy is the most ambitious challenge of modern medicine, aiming to identify novel
patient-tailored treatments based on the unique features of patient’s disease. This approach,
based on miRs delivery, could represent a potential non-toxic successful therapy for a large
subset of PCa patients, which could not only decrease the socio-economic costs of this
disease, but also improve its burden on patients’ life, thus improving their quality of life.

5. Conclusions

Prostate cancer has attracted a great deal of interest due to its high rate of mortality
among cancers worldwide [1]. Prostate cancer patients are typically asymptomatic in
their early stages, and are often diagnosed too late, thus failing in successful treatment.
Although mortality rates have been reduced, thanks to early detection and improved
treatment strategies, diagnostic methods are very aggressive for patients and a lot remains
to be done to avoid overtreatment.

Extensive studies over the last 15 years have clearly suggested that miRs are critical
regulators in PCa progression and development and indicate the use of miRs as promising
non-invasive markers of tumoral diagnosis and prognosis. All this huge scientific literature
highlights how fascinating but also complicated the world around miRs can be. Studies
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are often controversial, some questions are being answered, while many new ones need
to be answered. Contradictory results between studies can be caused, for example, by
differences in the methodology used to analyze and isolate miRs. The use of miRs as
markers is promising, but it is not yet a reality in daily clinical practice, and there is still no
clear vision of where scientists should turn their attention.

This study aimed to deepen the understanding of existing literature on the role of
miRs as potential non-invasive biomarkers in PCa, in terms of major research topics. A
machine learning method was used to automatically extract knowledge from scientific
literature by means of the LDA algorithm. The innovative concept is based on the ability to
independently analyze the texts and identify a certain number of “topics”, and subsequently
be able to recognize their presence within the texts themselves. The developed algorithm
simulates an intelligence that is as human and complete as possible. Therefore, a systematic
review of the literature based on LDA was employed. By analyzing 213 papers we found
three main topics that the literature focused on, which are also areas for future research. A
first observation that arises quite easily from reading the topics is that the literature passes
from the basic research level (topic 3) to the translational level (topic 2), to then consider
clinical aspects of increasing complexity (topic 1). Our analysis suggests a prevalence
of studies (91) aimed to identify deregulated miRs in PCa, their putative targets and
their role in tumoral development and progression. Translational and clinical research
studies were a minority (66 and 56 papers, respectively) but their interest is growing more
and more over time, thus pointing the direction for future research. Furthermore, our
analysis leads us to conclude that several miRs are associated with PCa development and
progression, they are indicative of poor prognosis and aggressiveness, are stable under
adverse conditions, and can be easily detected in urine. Hence, urinary miRs are valid and
promising candidates as non-invasive biomarkers for PCa, as their presence or absence in
urine is correlated with that of matched tumor tissues. As highlighted in the Discussion,
methodologies used in miRs analysis are several and different, making it necessary to
determine the best urine-related method along with accepted guidelines for sampling
and processing, quality control and data analysis. To date, we are not yet able to know
exactly which miR candidate is the best to be used as a biomarker. Analyzing the papers,
we noticed indeed that the number of miRs detected within individuals is different, thus
suggesting high variability of miRs within individuals, and high inter- and intra-tumoral
variability. Nevertheless, miR-200 family members (including miR-200a, miR-200b, miR-
200c, miR-429, and miR-141) were the most repeated miRs in our selected papers, and
they could represent potential urine-based biomarkers for PCa detection and prognosis
because: (i) their expression is necessary for the maintenance of the epithelial phenotype,
as they are important negative regulators of epithelial to mesenchymal transition (EMT), an
essential developmental process implicated in cancer metastasis [10,11]; (ii) their expression
is deregulated in PCa, in tissue as well as in blood [73]; and (iii) they have unusually
high stability in biological fluids, as this is an important prerequisite for usefulness as a
biomarker [107,111,112,115]. Of all candidates, miR-141 showed the greatest differential
expression (46-fold overexpressed) in PCa patients compared to healthy controls. In this
regard, promising results were recently obtained in PCa detection by analyzing miR-141 in
urinary exosomes isolated by differential centrifugation [43,73,86,91,108].

Obviously, as already mentioned, further studies and validation in a large tightly
defined patient population are needed to confirm the usefulness of these urinary miRs as
PCa biomarkers. Although significant efforts remain to be made, we expect this innovative
miR-based technology to drastically change medical practice in the foreseeable future.

In conclusion, this is the first time that a text mining technique, led by using an
innovative machine learning approach, has been applied to a sample of original scientific
articles in a medical setting. The methodology was used to specifically address the role
of miRs in PCa, and their potential as non-invasive biomarkers for early diagnosis and
prognosis. Certainly, this study could pave the way for other studies with larger cohorts,
and it could be applied and extended in order to study other cancers or diseases.
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