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Abstract (English)

With the increasing understanding of the molecular mechanism of the microRNAs

(miRNAs) in prostate cancer (PCa), the predictive potential of miRNAs has received

more attention by clinicians and laboratory scientists. Compared with the traditional

prognostic tools based on clinicopathological variables, including the prostate-specific

antigen, miRNAs may be helpful novel molecular biomarkers of biochemical

recurrence for a more accurate risk stratification of PCa patients after radical

prostatectomy and may contribute to personalized treatment. Tissue samples from

prostatectomy specimens are easily available for miRNA isolation. Numerous studies

from different countries have investigated the role of tissue-miRNAs as independent

predictors of disease recurrence, either alone or in combination with other

clinicopathological factors. For this purpose, a PubMed search was performed for

articles published between 2008 and 2017. We compiled a profile of dysregulated

miRNAs as potential predictors of biochemical recurrence and discussed their current

clinical relevance. Because of differences in analytics, insufficient power and the

heterogeneity of studies, and different statistical evaluation methods, limited

consistency in results was obvious. Prospective multi-institutional studies with larger

sample sizes, harmonized analytics, well-structured external validations, and

reasonable study designs are necessary to assess the real prognostic information of

miRNAs, in combination with conventional clinicopathological factors, as predictors of

biochemical recurrence.
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Abstrakt (Deutsch)

Mit dem zunehmenden Verständnis der molekularen Mechanismen von microRNAs

(miRNAs) beim Prostatakarzinom (PCa) hat das mögliche Vorhersagepotenzial von

miRNAs für den Verlauf dieser Erkrankung das besondere Interesse von Klinikern

und Laborwissenschaftlern geweckt. Im Vergleich zu den traditionellen

Prognoseindikatoren, die auf klinisch-pathologischen Variablen unter Einschluss des

prostata-spezifischen Antigens (PSA) im Serum basieren, können miRNAs

möglicherweise neue molekulare Biomarker zur Erkennung des "biochemischen

Rezidivs" (d.h., Wiederanstieg des PSA nach Prostatektomie) darstellen. Sie bieten

damit Möglichkeiten für eine genauere Risikostratifizierung von PCa-Patienten nach

radikaler Prostatektomie und könnten zu einer besseren personalisierten Behandlung

und Verlaufsbeobachtung beitragen. Gewebeproben von Prostatektomie-Präparaten

sind für die miRNA-Isolierung leicht verfügbar. Zahlreiche Studien aus verschiedenen

Ländern haben die Rolle von Gewebe-miRNAs als unabhängige Prädiktoren für ein

PCa-Rezidiv untersucht, entweder nur anhand von miRNAs oder in Kombination mit

traditionellen klinisch-pathologischen Faktoren. Es wurde eine systematische

Übersichtsarbeit der bisher publizierten Ergebnisse erstellt, die auf einer PubMed-

Suche der zwischen 2008 und 2017 veröffentlichten Studien beruht und diese kritisch

ausgewertet hat. Profile von fehlregulierten miRNAs als potenzielle Prädiktoren für

ein biochemisches Rezidiv wurden erarbeitet und deren aktuelle klinische Relevanz

diskutiert. Aufgrund der Unterschiede in der Analytik, der oftmals unzureichenden

statistischen Effektgrößen und der Heterogenität der Studien sowie der

unterschiedlichen statistischen Auswertungsmethoden war nur eine begrenzte

Ergebniskonsistenz offensichtlich. Prospektive multi-zentrische Studien mit größeren

Stichproben und besser harmonisierten Analyseverfahren, gut strukturierten

externen Validierungen und vernünftigen Studiendesigns sind notwendig, um die

tatsächlichen prognostischen Informationen von miRNAs in Kombination mit

konventionellen klinisch-pathologischen Faktoren als Prädiktoren für das

biochemische Rezidiv bewerten und eventuell routinemäßig einsetzen zu können.
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Essential aspects of the thesis paper "Tissue-Based MicroRNAs as Predictors
of Biochemical Recurrence after Radical Prostatectomy:What Can We Learn
from Past Studies?"

Background

Prostate cancer (PCa) is the second most common type of cancer in males

worldwide. Approximately 15-30% and 25-53% of postoperative patients suffer from a

biochemical recurrence after 5 and 10 years, respectively [1,2]. In line with the

guidelines of the European Association of Urology, biochemical recurrence is termed

as a reappeared prostate-specific antigen (PSA) to 0.2 µg/L after radical

prostatectomy that is confirmed by two consecutive elevated values. Previous studies

showed that approximately 24–34% of patients who develop biochemical recurrence

will experience clinically evident recurrence (e.g. metastatic disease) within 15 years

after surgery [3]. Therefore, an early and reliable prediction of PCa patients with high

risk after surgery would aid in the decision-making for the implement of adjuvant

therapy and for selecting patients who need a more frequent monitoring during

follow-up. However, the predictors based on traditional clinicopathological variables

like concentration of prostate-specific antigen in serum, tumor stage, surgical margin,

and also Gleason grade have only limited prognostic accuracy of biochemical

recurrence. In general, an agreement between predicted and observed outcome of

only 70 to 80% can be achieved using the different nomograms or electronic tools [4].

For this reason, many efforts have been made to search for genetic variables

like microRNAs that may contribute to better prediction. MiRNAs with about only 18

to 22 nucletides belong to the class of small non-coding RNAs like small nucleolar

RNAs, small nuclear RNAs, and PIWI-interacting RNAs [5]. MiRNAs have been

regarded as transcriptional “trash” for a long time, but there is meanwhile a great

evidence that these special RNAs have numerous interactive functional roles in both

physiological and pathological processes, for example also in prostate cancer [6].

Numerous studies from the whole world have investigated the role of tissue-based

miRNAs as prognostic biomarkers of PCa recurrence. It was therefore the aim of this

study to make an overview on the current state of the published results using the

different miRNAs as predictive tools for forecasting the biochemical recurrence after

radical prostatectomy.
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Materials and Methods:

For this systematic review, a search for original articles published between

2008 to May 2017 was conducted in the database PubMed. The search strategy was

performed using MeSH terms as follows: [“microRNAs” OR “microRNA” OR “micro-

RNA” OR “micro-RNAs” OR “miRNAs”] AND [“prostatic neoplasms” OR “prostate

cancer”] AND [“biochemical recurrence” OR “recurrence” OR “biochemical relapse”

OR “biochemical failure”] AND “radical prostatectomy”. In addition, references in the

identified articles and reviews were utilized to search for further relevant publications

and studies. Publications were eligible for inclusion only if: (a) they were peer-

reviewed and provided with full text in English, (b) the sample resources were tissue

specimens including fresh-frozen or formalin-fixed, paraffin-embedded (FFPE) tissue,

whereas articles focusing on miRNAs from blood, urine, cell lines, and animal models

were excluded, and (c) objective of study was to evaluate the prognostic potential of

single miRNAs, combinations of diverse miRNAs, or miRNAs combined with

clinicopathological variables for biochemical recurrence of PCa. The procedures of

the extraction of the study results and the evaluation of data was performed

according to the recommendations of the Cochrane Collaboration.

All the tissue-based miRNAs validated as potential independent predictors by

previous studies were summarized. All included publications were briefly summarized

regarding the following aspects: study design, analytical methods, result of miRNAs

validated as predictors and our own comments on every study.

Results

According to the inclusion criteria, 53 out of 148 publications were finally

including into the review, which comprised 29 studies performed in FFPE and 26 in

fresh-frozen tissue samples (two studies included both FFPE and fresh-frozen

cohorts). Fifty of these 53 articles were published in the recent seven years, whereas

only three papers emerged before 2011. Based on the different development phases

of miRNAs as predictors of biochemical recurrence [7], all the studies could be

divided into three categories: 1. Discovery and selection of potential miRNAs; 2.

Validation by clinical assessment; 3. Validation by clinical usability.
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From the 53 identified studies, 58 distinct miRNAs were detected as potentially

prognostic biomarkers of biochemical recurrence, including 41 different miRNAs in

FFPE and 27 miRNAs in fresh-frozen tissue samples. Furthermore, only 10 miRNAs

were simultaneously observed in both sample types. Among these 58 miRNAs, only

15 miRNAs were found in at least two studies, whereas 43 miRNAs were determined

in only one study. Additionally, five miRNAs including miR-221-3p, miR-21-5p, miR-

145-5p, miR-1-3p, and miR-96-5p were found to be the most frequently analyzed

miRNAs in the reviewed studies of biochemical recurrence. Paradoxically, three

miRNAs comprising miR-21-5p, miR-133b, and miR-145-5p were found to be both

up- and downregulated in different studies. Apart from that, other types of

heterogeneity were found in the results of some particular miRNAs. The correlations

between expression of miRNA and clinicopathological variables were found to be

discrepant in studies of miR-21-5p and miR-221-3p. In addition, four miRNAs (miR-

96-5p, miR-145-5p, miR-182-5p and miR-221-3p) acted as independent predictors in

some studies, whereas they failed to be validated as prognostic biomarkers in other

studies. Moreover, some miRNAs such as miR-141-3p, miR-148a-3p and miR-221-

3p were found to act in the opposite way as tumor suppressors or oncogenes in

different studies. All these results are detailed summarized in five Tables and two

Figures.

Discussion

In the reviewed studies of prognostic miRNAs in PCa, the discrepancies of

results of some particular miRNAs may be explained by the variation of variables in

analytical and study design considerations. The studies used different collection,

processing and storage methods of tissue samples in the pre-analytical phase,

different extraction and quantification methods of RNAs in the analytical phase and

different normalization strategies in post-analytical phase. The variation in study

design was reflected in the different definition of biochemical recurrence using

different cutoffs of reappeared prostate-specific antigen in serum, sample size,

number events of biochemical recurrence, follow-up time, and internal or external

validation of results. For example, the opposite dysregulated directions of miR-145-

5p in different studies may result from different normalization strategies. Two studies

normalized the miRNA value with small nuclear RNAs (RNU43 and RNU48) that

were criticized by their instability as reference genes [8]. The failure of miR-221-3p as
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prognostic biomarker in one of two other studies could be caused by the short follow-

up time (<2 years) [9]. Thus, a strict method harmonization will be necessary for

improving the comparability of miRNA results from different studies. For instance,

RT-qPCR measurements should be referred to the “Minimum Information for

Publication of Quantitative Real-Time PCR Experiments (MIQE)” guidelines, which

could be used to evaluate the quality and potential traceability of RT-qPCR

measurements [10]. In addition, the studies that aim to search for prognostic

biomarkers should be performed in line with the “Reporting Recommendations for

Tumor Marker Prognostic Studies (REMARK)” [11].

In the discovery phase of miRNA candidates for predicting biochemical

recurrence, almost half of the reviewed PCa studies performed high-throughput

"omics" approaches such as microarrays and sequencing techniques. The provided

rich information makes it possible to search not only single miRNAs but also to

combine multiple miRNAs into a predictive signature together with clinicopathological

variables. The orthogonal feature of miRNAs seems to be a prerequisite for building

such a predictive signature. Orthogonal miRNAs are termed miRNAs that are

uncorrelated among each other of miRNAs and to the clinicopathological variables

[12]. This orthogonal characteristic could be shown in miR-29c-3p, miR-34a-5p,

miR141-3p and miR-148a-3p that were found to be uncorrelated with tumor size and

pathological stage [13]. The potential promising effectiveness of a multi-miRNA

predictive tool could be demonstrated in the Decipher genomic classifier utilizing a

22-gene signature for stratification of postsurgical risk [14,15]. In addition, a clinico-

genomic classifier combining clinicopathological variables and miRNAs will be also a

good direction for further improvement of predictive accuracy compared with

clinicopathological variables alone [16,17].

In the reviewed studies, there were some contradictions about the miRNAs’

functional roles in prostate cancer. For instance, miR-141-3p was found as

suppressor in PCa by inhibiting PCa cell proliferation and migration [13], whereas it

was also reported as oncogene in untreated PCa and castration-resistant PCa by

enhancing PCa cell proliferation [18]. Similar to miR-141-3p, miR-148-3p was

reported as oncogene by promoting prostate cell growth [19], whereas it was also

found as suppressor by inhibiting the growth of androgen-refractory prostate cancer

cells [20]. Depending on the difference of the types of prostate cancer cells between

these studies, we considered that the expression of both miR-141 and miR-148a
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would be altered during the progression of cancer stages. Moreover, the tumor-

suppressive function of downregulated miR-221-3p in PCa was observed in several

previous studies by inhibiting proliferation, apoptosis, and invasion of prostate cancer

cells [21,22]. However, miR-221-3p with upregulation was also described as

oncogene in PCa metastases and PCa mouse models by enhancing the growth of

PCa cell [23]. The reverse expression and opposite functional roles as suppressor or

oncogene of miR-221-3p in PCa may reflect diverse phases of PCa development [21].

Future Directions:
Despite the above-mentioned critical points and limitations of the reviewed

studies, promising results provided by several studies can be considered as strong

evidence of the real potential of miRNAs as predictors of biochemical recurrence.

The final aim of this review is to learn from the shortcomings of previous studies and

draw corresponding conclusions and suggestions for future studies. Hence, based on

the published results and the background data of the 53 reviewed studies, two

essential conclusions can be drawn:

1. No study has been able to satisfy the suggested requirements and standards

specified in the final development phase “Validation of clinical usability” to

establish a robust tool of predicting biochemical recurrence for clinical practice

using miRNAs. Additionally, due to the lack of internal validation in most of the

studies, only few studies can be considered as successfully finished in the

second development phase “Validation by clinical assessment”.

2. The assessment and comparison of analytical and clinical conditions in the

various studies provided a wealth of experience in the evaluation of study

design features. On basis of these experiences, critical study shortcomings

could be identified and important conclusions of future directions could be

drawn to avoid these deficiencies.

The results of the various studies and their generalized assessment confirm

once more the urgent need of a good coordination between the study aims, all study

design elements, and pre-analytical and analytical conditions. The three guidelines

MIQE, REMARK, and STARD should be strictly considered in future studies since

they define the basic foundation for conducting a study under common clinical and

analytical conditions [10,11,24]. For prospective, multi-institutional studies,
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appropriate elements of these guidelines should be respected, and their compliance

should be a key factor of constant control to guarantee necessary preconditions for a

reliable database. These guidelines not only allow the necessary transparency but

also the harmonization and comparability of results between multi-institutional studies.

However, because of numerous factors, such as different methods of RNA extraction,

reverse transcription, and true miRNA measurements, as well as various platform

applications that could influence RT-qPCR results, it is recommended to perform all

analyses at one institution in early studies. The issue of analytical differences could

be solved later in a second step of method harmonization. The same applies to

retrospective studies. Since biochemical recurrence does not equal clinical relapse,

future studies should additionally focus on the predictive capability of miRNAs with

regard to the clinical endpoints of distant metastasis, cancer-specific death, and

response rate to drugs. Further multi-institutional studies are needed to validate the

clinical usability of miRNA-based tools, either alone or combined with

clinicopathological factors, for BCR prediction. The additional information provided by

miRNAs in comparison to well-defined BCR prediction tools [4,25,26] is necessary to

reflect the true prognostic capability of miRNAs. It is worth considering whether the

multiple-miRNA signatures provided by reviewed studies could be confirmed in

comparison to these clinically well-defined prediction tools in retrospective multi-

institutional approaches as a validation step to initiate prospective studies.

Conclusion
In summary, miRNAs were shown in several studies of this systematic review

as promising marker candidates and miRNA signatures for predicting biochemical

recurrence after radical prostatectomy. However, the general non-consideration of

the MIQE, REMARK, and STARD guidelines in most studies resulted in study design

deficiencies, primarily a lack of internal validation of data. The clear evidence of

additional information through miRNAs in comparison to the conventional approaches

of biochemical recurrence has not been proven so far. Further studies are needed to

overcome these deficiencies both in retrospective and prospective multi-institutional

studies to validate the clinical usability and benefit of miRNA-based BCR tools in

combination with the conventional clinicopathological variables.
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