
Abstract. Background/Aim: Sunitinib is a tyrosine kinase
inhibitor routinely used as first-line therapy in metastatic
renal cell carcinoma (mRCC). Emerging evidence suggests
that microRNAs (miRNAs) could be suitable biomarkers with
predictive potential in mRCC. The aim of this study was to
identify miRNA-based predictive biomarkers of therapy
response to avoid unnecessary therapy to non-responding
patients. Patients and Methods: High-throughput miRNA
microarray profiling was performed on a cohort of 47
patients treated with sunitinib. Validation of candidate
miRNAs was carried out on an independent cohort of 132
mRCC patients using qRT-PCR. Results: Out of 158 miRNAs
(65 down-regulated, 93 up-regulated), six miRNAs were
chosen for independent validation and miR-376b-3p was
confirmed to be differentially expressed in tumors of patients
with primary resistance versus long-term response
(p<0.0002). Conclusion: A predictive miRNA associated with

progression-free survival in metastatic renal cell carcinoma
patients treated with sunitinib was identified.

Renal cell carcinoma (RCC) accounts for more than 3% of
adult solid tumors and is fatal for around 40% of patients (1).
The metastatic form of this disease (mRCC) is routinely
treated with tyrosine kinase inhibitors (TKIs) of the VEGF
pathway to prevent formation of new blood vessels that
support tumors with nutrients. Sunitinib is routinely used as a
first-line therapy, followed by other therapeutic options and
TKI variants in the second- and third-line treatment after first
line failure, which is inevitable in most patients (2, 3).
However, duration of response is variable, ranging from a few
months to more than two years since a proportion of the
patients have primary resistance to treatment, some develop it
faster than others (4). The financial burden of therapy together
with many unpleasant side-effects affecting the quality of life
of patients are the main drivers behind the attempts to identify
predictive biomarkers reliably differentiating patients who
would benefit from the first-line sunitinib from those who
should be immediately redirected to other therapeutic options. 
MicroRNAs (miRNAs) are a class of short non-coding

RNAs, 18-25 nucleotides long, post-transcriptionally regulating
gene expression of more than half of protein-coding human
genes. Complementary binding to the 3’untranslated region of
their target mRNAs (5), miRNAs are pivotal regulators of many
vital cellular processes and their deregulation leads to over- or
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under-expression of proteins, causing many severe diseases,
including cancer. Because of their principal role in the
pathogenesis of diseases, miRNAs present potential biomarkers
for diagnostic, prognostic or predictive purposes (6-8). Several
studies have focused, so far, on non-coding RNAs as predictive
biomarkers of TKIs. Excluding non-coding RNA biomarkers,
differential levels of cytokines, some genetic variants, several
blood-based molecules, circulating cancer cells and epigenetic
patterns have been associated with response to various TKIs (9-
15). It has been shown that the response to sunitinib in mRCC
is associated with standard blood serum markers such as 
C-reactive protein (16) and proangiogenic and proinflammatory
cytokine C-X-C motif chemokine ligand containing glutamic
acid, leucine arginine motif (17, 18). Significant attention has
been directed on non-coding RNAs in recent years. Although
several studies have been conducted, establishing the diagnostic
and prognostic potential of miRNAs (19, 20), their predictive
value has received less attention. In addition to that, many
studies have problematic validity and reproducibility due to the
small number of patients analysed. There are also many
discrepancies in the study design. Consequently, solitary
predictive miRNAs often failed to be validated in independent
cohorts. Thus, despite many efforts to identify possible
biomarkers, there are currently no reliable candidates applicable
in routine clinical practice. 
In the present study, we present results on miRNAs as

potential predictors of sunitinib response obtained on the
largest cohort of mRCC published so far. 

Materials and Methods 
Patients, tissue samples and study design. Metastatic clear cell RCC
patients treated with standard first-line sunitinib regimen between
years 2008 and 2017 at four comprehensive cancer centers in the
Czech Republic – Masaryk Memorial Cancer Institute in Brno,
Thomayer Hospital in Prague, University Hospital Pilsen and
University Hospital Hradec Králové – were included into the
retrospective study. Patients characteristics and treatment outcomes
were collected from the national registry RENIS and individual
medical records (summarized in Table I). Local ethical committees
at all centers approved the study protocol and the study was
performed according to the World Medical Association Declaration
of Helsinki and all patients signed an informed consent. Best
response according to the Response Evaluation Criteria in Solid
Tumors (RECIST) (21) and progression-free survival (PFS) interval
were used for the definition of the therapeutic response. Only cases
for whom there was a formalin fixed paraffin embedded (FFPE)
tissue sample of primary tumor available were included into the
biomarker study. Out of 179 primary tumor samples from metastatic
RCC patients, 25 cases representing the good (PFS longer than 17
months, complete response, partial response or stable disease as
characterized by RECIST) and 22 cases representing the poor
therapeutic responses (PFS shorter than seven months, progressive
disease or stable disease according to RECIST) were chosen for the
purpose of the discovery phase of the study. Candidate miRNAs
from the discovery phase were validated on an independent cohort
of 132 patients (study design summarized in Figure 1). Contrary to
the discovery phase, where only patients with very good and poor
response were pre-selected, in the validation phase there was a
significant proportion of patients with intermediate response. Based
on this, we classified patients into three groups: (i) patients with
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Table I. Characterization of patients.

                                                                                                    Discovery phase                                                                    Validation phase 
                                                                                                             N=47                                                                                     N=132

                                                                                   N                                                  %                                              N                                          %

Gender                                                                                                                                                                                                                            
  Male                                                                        38                                                80.9                                            97                                       73.5
  Female                                                                      9                                                19.1                                            35                                       26.5
Age, years                                                                                                                                                                                                                       
  Median (range)                                                 62 (56-66)                                                                                     62 (57-67)                                    
Histology                                                                                                                                                                                                                        
  Clear cell carcinoma                                              47                                                100                                           132                                      100
Stage                                                                                                                                                                                                                               
  4                                                                               47                                                100                                           132                                      100
PFS on sunitinib therapy                                                                                                                                                                                               
  Median (range) (months)                          12.34 (5.63-20.83)                                                                          9.70 (4.64-19.8)                               
Objective response                                                                                                                                                                                                         
  Complete                                                                  8                                                  17                                              1                                         0.8
  Partial                                                                      16                                                 34                                             30                                       22.7
  Stable disease                                                          6                                                12.8                                            50                                       37.9
  Progressive disease                                                 17                                               36.2
  33                                                                           25.0
  N/A                                                                           0                                                   0                                              18                                       13.6



primary resistance (PFS <5 months, progressive or stable disease
according to RECIST), (ii) patients with intermediate response (PFS
>5 but <12 months, progressive disease, stable disease and partial
response according to RECIST) and (iii) patients with long-term
response (PFS >12 months, complete response, partial response or
stable disease according to RECIST).

RNA isolation, miRNA microarrays and individual miRNA detection.
Total RNA enriched with short RNA was isolated using commercial
mirVana miRNA Isolation Kit (Ambion, Austin, USA). RNA
concentration and purity were measured using Nanodrop 2000c
(Thermo Fisher Scientific, Waltham, MA, USA). Global expression
profiles of miRNAs in the discovery phase were determined using
GeneChip 4.0 by Affymetrix (Thermo Fisher Scientific) according to
standard protocols recommended by the manufacturer. Microarray
and sample annotation data were deposited in EMBL-EBI database
ArrayExpress (22) under the accession code E-MTAB-6296. For
individual miRNA detection in the validation phase of the study,
quantitative reverse-transcription polymerase chain reaction (qRT-
PCR) was carried out according to standard TaqMan Advanced
miRNA Assay protocols (Applied Biosystems) by use of QuantStudio
12K Flex Real-Time PCR system (Applied Biosystems), TaqMan Fast
Advanced Master Mix and specific miRNA probe (Thermo Fisher
Scientific). PCR reactions were performed in triplicates; average
threshold cycles and standard deviation values were calculated. 

Data normalization and statistical analysis. Microarray data were
analysed using Bioconductor package and the tool for Linear Model
of Microarray Data. qPCR expression levels of each miRNA in the
sample was normalized to miR-103a-3p as an endogenous control.
Normalized expression data were statistically evaluated by Mann–
Whitney U-test, Kruskall–Wallis test, ROC analysis and Kaplan–
Meier analysis (GraphPad Prism 5, GraphPad Software, La Jolla,
CA, USA). p-Values lower than 0.05 were considered statistically
significant. 

Results

According to statistical analysis of microarray results from
the discovery phase of the study, we identified 158 miRNAs
(65 down-regulated, 93 up-regulated) to have significantly
different expression in tumors of patients with good and poor
response (p<0.05). Out of these miRNAs, miR-488-3p, miR-
186-3p, miR-122-5p, miR-181d-3p, miR-615-5p and miR-
376b-3p were selected for further validation based on the p-
value, fold-change, average expression and available
literature evidence. Six patients were excluded from the
validation study due to undetectable levels of all tested
miRNAs, including the reference miRNA, in qPCR
measurements indicating insufficient quality of FFPE tumor
tissue samples. Out of all miRNAs tested, miR-376b was
successfully validated, outperforming other miRNAs in the
prediction of a chosen clinical endpoint. In the validation
cohort, miR-376b was down-regulated in tumors of patients
with shorter PFS (Figure 2) consistently with the microarray
analysis results indicating that it was lower by the factor of
0.15 in patients with shorter response. Although we observed

progressively decreasing levels of miR-376b-3p in the
direction from patients with long-term response to patients
with intermediate response and primary resistance (Figure
2), significant results were achieved only when patients with
primary resistance and long-term response where compared.
In these cases, miR-376b was able to predict the response to
sunitinib therapy and identify patients with long-term
response with a sensitivity of 83% and specificity of 67%
(p=0.0002, AUC=0,758; Figure 2, Figure 3, Table II). These
results have also been confirmed using Kaplan–Meier
analysis where the patients with lower expression of miR-
376b-3p (median PFS=4.4 months) developed relapse
significantly earlier in comparison to the patients who
exhibited higher expression of miR-376b-3p (median of PFS
is not reached) (p=0.0001, Log rank test; Figure 4). Other
miRNAs tested in the validation phase were not subjected to
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Figure 1. Design of the study. FFPE: Formalin-fixed paraffin
embedded; RT-qPCR: reverse transcription real time quantitative
polymerase chain reaction.



statistical analysis due to their extremely low levels in FFPE
tumor specimens characterized with Ct values >35 or even
undetectable levels in more than 80% of samples.

Discussion

In the present study, we used microarray technology and
identified 158 miRNAs to be differentially expressed in tumor
tissues of mRCC patients with good and poor response to first-
line sunitinib therapy. Based on the pre-defined criteria we
selected six candidate miRNAs for validation in an
independent cohort of mRCC patients treated with sunitinib.
Unfortunately, five out of six validated miRNAs identified by
microarray analysis were not detectable by qRT-PCR (Ct>35)
in more than 80% of patients. Since biological specimens used
for this biomarker study were FFPE tumor tissues, we believe,
that unsatisfactory quality of the tissue specimens and
consequently a low-level of RNA integrity (RNA Integrity
Number ranging from 2 to 4) have not affected hybridization-
based microarray experiments but significantly altered our
ability to detect and quantify our miRNA candidates by
highly-specific amplification-based qRT-PCR assays.
Therefore, the usage of FFPE tissues is the main limitation of
our study. On the other hand, in routine diagnostics, FFPE is
the only widely available type of biological specimens and
qRT-PCR is the most commonly used diagnostic method. 

However, we successfully validated miR-376b-3p to have
significantly increased levels in the tumors of patients with
a long-term response (PFS >12 months). In the remaining
patients, we defined two subgroups – patients with
intermediate response, lasting for 5-12 months, and patients
with primary resistance and PFS being 2-5 months. Further,
we observed progressively decreasing levels of miR-376b-
3p in the direction from patients with long-term response to
patients with intermediate response and primary resistance.
We believe, that the existence of these subgroups is not
surprising since the response to anti-angiogenic therapy is
biologically very complex and continuously variable
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Figure 2. MiR-376b-3p expression levels in tumors of patients with primary
resistance (PFS=2-5 months, N=30), intermediate response (PFS 5-12
months, N=42) and long-term response to sunitinib therapy (PFS >12
months, N=42). (Kruskall–Wallis test; p=0.0003). Comparison only between
patients with primary resistance and long-term response (Mann–Whitney
test; ***p=0.0001).

Figure 3. Receiver operating characteristic analysis of the miR-376b-
3p as a discriminator between patients with primary resistance and
long-term response to sunitinib treatment (p=0.0002).

Figure 4. Survival curves of patients stratified accordingly to miR-376b-
3p expression level (cut-off value=0.0244; p<0.0001).



resulting inevitably in intermediate response groups at any
chosen PFS cut-off values. Twelve months present the most
common cut-off for response evaluation in metastatic RCC
patients; therefore, we chose it as our clinical endpoint to
maintain relevance to routine clinical practice. 
Only limited information about miR-376b-3p function is

available in the literature. Results from Li et al. (23)
suggest a role formiR-376b-3p in angiogenesis in a study
focused on cerebral ischemia. These authors report that
miR-376b-3p strongly inhibited angiogenesis, which
corresponds with our results showing down-regulation of
miR-376b-3p levels in patients with poor response to
antiangiogenic treatment with sunitinib (23). Even in cases
that miR-376b-3p is not involved in the development of
resistance to sunitinib, its role as an inhibitor of
angiogenesis could reinforce or amplify the therapeutic
effect of sunitinib and therefore higher levels of this
miRNA could help to achieve better therapeutic outcomes
in mRCC. MiR-376b-3p was also shown to regulate
autophagy by targeting key autophagy-activating proteins
like Beclin 1 and Autophagy Related 4C Cystine Peptidase
(24). Furthermore, miR-376b-3p is associated with
modulation of mitochondrial morphology through targeting
Mitochondrial Fisson Factor (25). 
Concerning potential usage as a predictive biomarker in

mRCC, in one study, based only on small cohorts of patients
(9 non-responders vs. 11 responders), miR-376b-3p was
identified to be down-regulated in tumors of patients non-
responding to sunitinib therapy (p=0.032), which is in
accordance with our observations (26). Importantly,
definitions of the therapeutic response used in the Berkers’s
study were similar to those used in our current study (PFS
less than 6 months for non-responders and PFS longer than
12 months for responders was used). As a diagnostic
biomarker, differential levels of miR-376b-3p have been
associated also with Grave’s disease, a common autoimmune
disease affecting the thyroid gland (27).
The present study has several potential limitations and

many issues remain to be addressed in order to establish
miR-376b-3p as a novel predictive tool. Firstly, the quality
of FFPE tissue specimens could affect precision of miRNA
quantification by qRT-PCR and low integrity of RNA could

cause omission of other miRNA biomarkers identified by
microarrays. Analytical performance of miR-376b-3p alone
is not enough to enable response prediction in clinical
practice (AUC<0.8). Therefore, we expect this biomarker to
be used in combination with other biomarkers or predictive
tools. Also, the lack of knowledge regarding the mechanism
by which miR-376b-3p regulates the response to sunitinib
should be addressed. 
Successful independent validation of potentially predictive

miRNAs remains a challenge. Overlap of results is rare in
published studies of miRNAs as predictors of response to
sunitinib in mRCC (8, 28-30). This could be partly due to
tumor heterogeneity, various technologies used for miRNA
analysis, limited numbers of enrolled patients, and failure to
include a validation cohort. 
In conclusion, we identified miR-376b-3p as a potential

predictive biomarker in mRCC patients treated with first-line
sunitinib. Based on the current knowledge we believe that
miR-376b-3p plays a role in angiogenesis and thus could
contribute to tumor sensitivity to sunitinib treatment. miR-
376b-3p could be used in future predictive models in
combination with other independent biomarkers and clinical
features.
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Table II. Results of the validation phase. miR-376b-3p expression level in tumors of patients with primary resistance and long-term response to
sunitinib therapy. *Median expression normalized to the expression of miR-103a-3p. **Change in expression of miR-376b-3p in patients with long-
term response, results of exploratory phase.

miRNA                                       Median expression* (range)                                   p-Value                       Fold change                         **Change in 
                                                                                                                                                              (long vs. short response)             expression level
                                       Responders, N=42            Non-responders, N=30                   
                                                                                                     
miR-376b-3p                   0.195 (0.05-1.96)              0.0019 (0.00008-0.17)              0.0001                             102×                                        Up
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