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abstRact
IntroductIon: MicroRNAs (miRNAs) are short non-coding 
RNAs that have the ability to regulate gene expression at 
the post-transcriptional level. MiRNAs are deregulated in 
many cancer types, and several miRNAs have been sug-
gested as novel diagnostic and prognostic biomarkers in dif-
fuse large B-cell lymphoma (DLBCL). The objective of this 
study was to systematically collect and evaluate current 
knowledge of miRNAs functioning as diagnostic and prog-
nostic biomarkers within DLBCL. 
Methods: This review was conducted according to the Pre-
ferred Reporting for Systematic Reviews and Meta-analyses 
guidelines. A systematic search of literature in PubMed and 
Embase was made and supplemented by screening of refer-
ence lists. Only original peer-reviewed studies written in 
English were included and screened based on miRNA ex-
pression, molecular subtypes of DLBCL and patient outcome.  
results: Out of 277 candidate records, a total of 20 studies 
qualified for inclusion in this review. In all, 11 studies re-
ported a total of 48 miRNAs with expression patterns asso-
ciated with specific molecular DLBCL subtypes, and 14 stud-
ies reported a total of 30 miRNAs associated with patient 
outcome. However, only few miRNAs showed significant re-
sults in more than one study.
conclusIon: MiRNAs qualify as potential diagnostic and 
prognostic biomarkers in DLBCL. However, more clinical val-
idation including prospective and cross-centre studies are 
required before specific miRNAs can be integrated into the 
daily practice as biomarkers in DLBCL, which would contrib-
ute to an era of more personalised medicine.

Diffuse large B-cell lymphoma (DLBCL) is a highly aggres-
sive disease, and it is the most common form of non-
Hodgkin’s lymphoma [1]. In Denmark, the incidence of 
BLBCL is approximately 400 new cases per year accord-
ing to the annual reports from the Danish Lymphoma 
Group (DLG). Currently, the diagnosis and classification 
of DLBCL is based on morphology, histology and clinical 
findings as well as on cytogenetics, immunophenotyping 
and molecular genetic assessments [2, 3]. Gene expres-
sion profiling (GEP) and immunohistochemical studies 
have identified two molecular subtypes with different 
clinical outcomes; the germinal centre B-cell-like (GCB) 
DLBCL and the activated B-cell-like (ABC) DLBCL [4]. This 

classification is widely recognised, but not used in rou-
tine clinical settings due to the rather high cost of global 
gene expression profiling and the poor cross-centre per-
formance of immunohistochemical surrogate markers 
[5]. GCB patients have a higher five-year survival rate 
(range: 69-79%) than patients with ABC DLBCL (52-53%) 
when patients are treated with a standard anthracy-
cline-based multidrug chemotherapy regimen consisting 
of rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisone; a regimen known as R-CHOP [6]. To 
date, the International Prognostic Index (IPI) is the only 
clinically used prognostic tool for the estimation of the 
prognosis of the DLBCL disease following therapy. IPI is 
an estimate based on survival statistics [7]. Although it is 
a good prognostic tool in routine clinical practice, the IPI 
is only based on clinical values and provide only little in-
sight into the biology of the disease or mechanisms of 
resistance. Hence, identification of novel biological 
markers that can guide diagnostic sub-classification  
or improve the current prognostic evaluation has the 
potential to refine the stratification of DLBCL patients 
and facilitate a shift to a more personalised subtype- 
adjusted choice of therapy. 

Biomarkers are defined by the National Institutes of 
Health (NIH) as “a characteristic that is objectively meas-
ured and evaluated as an indicator of normal biological 
processes, pathogenic processes, or pharmacologic re-
sponses to a therapeutic intervention”, and can be used 
as both diagnostic and prognostic tools [8]. During the 
past decade, several novel molecular and biological can-
didates with diagnostic and prognostic potential in 
DLBCL have been suggested, and microRNAs (miRNAs) 
have frequently been among them. MiRNAs are short 
non-coding RNAs of 20-24 nucleotides that control gene 
expression mainly at the post-transcriptional level [9]. 
Typically, this is done by inhibition of mRNA translation 
or by direct mRNA degradation [10]. They play a crucial 
role in many biological processes such as cell differenti-
ation and homeostasis; this role extends to cancer initi-
ation, progression, pathogenesis, and treatment [11]. 
MiRNAs are deregulated in many cancer types, including 
DLBCL, and it was shown that some of them can function 
as oncogenes or tumour suppressors depending on the 
cell type or the microenvironment [9, 12]. Given their 
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important roles in normal development and their exten-
sive deregulation in many cancers, they seem to be ideal 
diagnostic and prognostic biological markers. Further-
more, they are relatively stable both in vitro and in vivo; 
they can be detected in blood, urine and solid tissues; 
and they can be purified from formalin-fixed, paraffin-
embedded (FFPE) tissue [13]. It is suggested that miRNA 
profiling can provide diagnostic information; helping to 
distinguish between ABC and GCB subtypes of DLBCL; it 
is also suggested that they can provide prognostic infor-
mation such as clinical outcome in R-CHOP-treated 
DLBCL patients. However, this is not yet applicable in 
routine clinical work. 

The aim of this systematic review was to collect  
current information of miRNAs functioning as novel  
diagnostic and prognostic biomarkers in DLBCL. Further-
more, we aimed to discuss their potential and limi ta-
tions as clinical tools. 

mEthOds 
This review was completed according to the Preferred 
Reporting for Systematic Reviews and Meta-analyses 
(PRISMA) Guidelines [14]. 

search strategy
We systematically searched the MEDLINE (PubMed) and 
Embase databases for current literature on miRNAs as 
diagnostic and prognostic biomarkers in DLBCL. Using 
the problem-intervention-comparison-outcome (PICO) 
search approach, we combined the Mesh terms/Entry 
terms “Diffuse Large B-cell Lymphoma”, “microRNA”, 
“Biological Markers”, “Prognosis”, “Diagnosis”, and “In-
dividualized Medicine”. For each of these search terms, 
free-text combinations were also included. No additional 
limits were set. The last search was performed on 9 July 
2014 and identified 270 different publications. An add-
itional 7 articles were added through screening of refer-
ence lists. 

study selection and data handling
The inclusion criteria were original peer-reviewed art-
icles only, publication language English, available ab-
stract, and papers addressing the subject miRNAs as  
diagnostic and prognostic biomarkers in DLBCL. In this 
review, we focussed on the potential of miRNAs as bio-
markers only within DLBCL and its subtypes. Therefore, 
papers on miRNAs in the pathogenesis of DLBCL or mi-

FigURE 1
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DLBCL = diffuse large B-cell lymphoma; HCV = hepatitis C virus; PRISMA = Preferred Reporting for Systematic Reviews 
and Meta-analyses.
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RNA signatures as diagnostic classifiers comparing DLBCL 
with other lymphomas were excluded. Exclusion of 137 
irrelevant articles (Figure 1) was based on evaluation of 
title and abstract. Hence, 27 articles fulfilled the inclu-
sion criteria and were assessed for eligibility. Of these, 
seven articles were excluded, mainly because they did 
not encompass miRNA deregulation as a diagnostic tool 
of DLBCL subtypes. One was excluded as it only investi-
gated hepatitis C virus-associated DLBCL.

Consequently, a total of 20 articles were included in 
this review (Figure 1). Data from the included articles 
were extracted and only significant results were report-
ed.

The seven articles identified by reviewing reference 
lists were included in the final qualitative synthesis. 

REsUts 
study characteristics of included studies
table 1 outlines important methodology and study char-
acteristics of the 20 included studies. A total of 11 stud-
ies address miRNAs as diagnostic biomarkers, whereas 
14 of the studies investigated the prognostic abilities. 

Most of the diagnostic studies on miRNA expression 
patterns and ABC/GCB subtype classification of DLBCL 
are based on cell lines and/or FFPE clinical tumour sam-
ples using microarray or quantitative real-time polymer-
ase chain reaction (qRT-PCR) as the method of detec-
tion. However, Chen et al found higher miR-21 levels in 
serum of ABC DLBCL patients (n = 32) than in GCB DLBCL 
patients (n = 30) [23]. Only three of the diagnostic stud-
ies were primarily done by global microarray screening 
on clinical patient samples [18, 20, 24]. Most of the  
studies were based on selection of a few miRNAs from 
cell line studies. 

Regarding the prognostic studies, five of them were 
primarily done by global screening on clinical samples by 
either microarray or qRT-PCR [6, 24, 26, 28, 29]. The re-
maining based the initial selection of miRNAs on cell line 
studies or previous research. All prognostic studies used 
qRT-PCR for determination of miRNA expression level 
and survival curves with the Kaplan-Meier method as 
their primary statistical method. Most of the studies 
used FFPE clinical samples as sample types, whereas 
three of the 14 articles used serum and one study meas-
ured miRNA levels in plasma from DLBCL patients. The 
majority of the prognostic studies used dichotomous 
analysis stratifying the test group into low versus high 
expression levels. Two studies used healthy controls as 
comparison [30, 33]. A single study by Montes-Moreno 
et al defined an actual validation group [24].

microRna expression as a diagnostic tool  
in diffuse large b-cell lymphoma 
Through the systematic search, we found 11 studies fo-

cussing on the expression of miRNAs on the differenti-
ation of the ABC and GCB subtypes of DLBCL. table 2 
summarises the significant findings of 48 miRNAs and 
their expression levels. Of the 48 miRNAs associated 
with either ABC or GCB subtypes, the expression levels 
of eight miRNAs were confirmed in ≥ 2 studies. Thus, 
miR-155, miR-21, miR-221, miR-222, miR-146a, miR-363 
and miR-518a are more highly expressed in the ABC sub-
type; and miR-421 is more highly expressed in the GCB 
subtype. Lawrie et al [22] performed microarray analysis 
on four DLBCL cell lines and demonstrated that miR-155, 
miR-21 and miR-221 were upregulated in ABC as com-
pared with GCB DLBCL. This was confirmed by qRT-PCR 
in 35 de novo DLBCL clinical samples [22]. Subsequently, 
the association of these three miRNAs with the molecu-
lar ABC subtype of DLBCL has been verified in several 
studies, and the high expression of miR-155 in the ABC 
subtype has actually been documented in eight different 
studies [16-22, 25]. Malumbres et al [21] performed  
microarray analysis on eight cell lines (five ABC and 
three GCB DLBCL cell lines) using 217 miRNA probes and 
found nine miRNAs with the ability to differentiate 
DLBCL into ABC and GCB subtype, namely miR-146b-5p, 
miR-146a, miR-21, miR-155, miR-500, miR-222, miR-363, 
miR-574-3p and miR-574-5p [21]. Culpin et al [15] also 
established a series of nine differentially expressed mi-
RNAs between the two subtypes using cell lines. How-
ever, none of the above-mentioned miRNAs were 
among the nine found by Culpin et al [23].      

Together these reports confirm that specific mi-
RNAs have the potential to become useful diagnostic 
tools in defining DLBCL subtypes. However, it should be 
taken into account that most of the studies include only 
small numbers of tumour samples, they used different 
methods of detection are used, and very often they 

KEY POints

MicroRNAs (MiRNAs) are short non-coding RNAs and have the ability to 
regulate gene expression, mainly at the post-transcriptional level.

MiRNAs are deregulated in many cancer types, and several miRNAs have 
been suggested as novel diagnostic and prognostic biomarkers in diffuse 
large B-cell lymphoma (DLBCL).

A total of 11 studies (reviewed here) have found that specific miRNA pro-
files can be used to differentiate activated B-cell-like (ABC) and germinal 
centre B-cell-like (GCB) DLBCL subtypes.

A total of 14 studies have found that the expression level of a total of 30 
miRNAs is associated with patient prognosis.

MiRNA profiles as diagnostic and prognostic biomarkers have the poten-
tial of being an integrated part of daily practice in combination with 
other clinical factors. Their use as diagnostic and prognostic biomarkers 
seems able to improve the information provided by current clinical fac-
tors such as the International Prognostic Index (IPI).
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studied a selection of miRNAs as opposed to a global 
miRNA expression analysis. Additionally, the definition 
of molecular subtype by GEP is not always used, and this 
may explain why some studies fail to identify differen-
tially expressed miRNAs between ABC and GCB DLBCL 
[29].  

microRna expression as a prognostic tool  
in diffuse large b-cell lymphoma
The potential clinical utility of miRNAs as biomarkers is 
not limited to diagnostic subtyping, but may also have 
direct prognostic value. In this systematic review, we 
found 14 articles that together identified a total of 30 

tablE 1

Study characteristics of included diagnostic and prognostic biomarker studies.

Reference study type   initial miRna-selection study size sample type data measurement significant miRnas statistical methods

Culpin et al, 2010 [15] Diagnostic Global screening by microarray 8 DLBCL cell lines:  
4 ABC-like 
4 GCB-like

Cell lines Microarray and  
qRT-PCR validation

miR-17, miR-19b, miR-20a, miR-29a, miR-92a,  
miR-106a, miR-720, miR-1260, miR-1280

1-way ANOVA test  
Spearman’s correlation test

Rai et al, 2008 [16] Diagnostic Selection based on cell line study  
22 cell lines

119 DLBCL pt. (training set):  
34 ABC DLBCL  
85 GCB DLBCL

FFPE CS Microarray miR-155 Kruskal-Wallis test

Eis et al, 2005 [17] Diagnostic Selection based on cell line study  
3 DLBCL cell lines:  
1 GCB DLBCL  
2 ABC DLBCL

23 DLBCL pt.:  
19 ABC DLBCL  
4 GCB DLBCL

Frozen CS Invader assay (copies/cell) miR-155 Unpaired t-test

Caramuta et al, 2013 [18] Diagnostic Global screening by microarray on 45 CS 54 DLBCL pt.:  
20 GCB DLBCL  
34 ABC DLBCL

Frozen CS Microarray  
qRT-PCR validation

miR-155, miR-146a 1-way ANOVA  
Unpaired t-test

Lawrie et al, 2008 [19] Diagnostic Global screening by microarray 8 DLBCL cell lines:  
4 GCB DLBCL  
4 ABC DLBCL

Cell lines Microarray miR-155, miR-21, miR-221, miR-222,  
miR-518a, miR-363 and miR-421, miR-324,  
miR-590, miR-181a 

1-way ANOVA test  
Unpaired t-test

Lawrie et al, 2009 [20] Diagnostic Global screening by microarray 60 DLBCL pt.:  
32 GCB DLBCL  
28 ABC DLBCL

FFPE CS Microarray miR-158a, miR-363, miR-21, miR-132, miR-340, miR-301, miR-30d,  
miR-221, miR-422b, miR-146b, miR-155, miR-190, miR-194, miR-660, 
miR-213, miR-222, miR-186, miR-620, miR-616, miR-199b miR-421,  
miR-569, miR-653, miR-138, miR-520h, miR-129

1-way ANOVA test  
p-value adjustment by Benjamini-Hodgberg 
correction method

Malumbres et al, 2009 [21] Diagnostic and 
prognostic 

Selection based on cell line study  
8 DLBCL cell lines:  
3 GCB DLBCL  
5 ABC DLBCL

106 DLBCL pt.  
Stratified in low versus high expression levels

FFPE CS Microarray qRT-PCR miR-222,miR-155, miR-21, miR-146a, miR-363, miR-146b-5p,  
miR-500, miR-574-3p, miR-574-5p

1-way ANOVA test Survival curves with  
Kaplan-Meier method and log rank test

Lawrie et al, 2007  [22] Diagnostic and 
prognostic 

Selection based on cell line study  
5 DLBCL cell lines:  
3 GCB DLBCL  
2 ABC DLBCL

35 DLBCL pt.  
Stratified in low versus high expression levels:  
17 GCB DLBCL  
18 ABC DLBCL

FFPE CS Microarray qRT-PCR miR-21, miR-155, miR-221 Mann-Whitney independent t-test  
Survival curves with Kaplan-Meier  
method and log rank test

Chen et al, 2014 [23] Diagnostic and 
prognostic

Selection based on cell line study  
9 DLBCL cell lines:  
6 GCB DLBCL  
3 ABC DLBCL 

62 DLBCL pt.  
Stratified in low versus high expression levels:  
32 GCB DLBCL  
30 ABC DLBCL

Serum qRT-PCR miR-21 Unpaired t-test  
Survival curves with Kaplan-Meier method  
and log rank test

Montes-Moreno et al, 2011 [24] Diagnostic and 
prognostic

Global screening by microarray on 36 CS 240 DLBCL pt.   
Including test and validation group  
Stratified in low versus high expression levels:  
106 GCB DLBCL  
126 ABC DLBCL

FFPE CS qRT-PCR miR-221, miR-222, miR-144, miR-451, miR-331, miR-151,  
miR-28, miR-454-3p, miR-148a, miR-93, miR-491

Chi-squared test  
Survival curves with Kaplan-Meier method  
and log rank test  
COX regression analysis  
ROC curves

Zhong et al, 2012 [25] Diagnostic and 
prognostic

Previous research (2 miRNAs selected) 90 DLBCL pt.  
Stratified in low versus high expression levels:  
21 GCB DLBCL  
69 ABC DLBCL

FFPE CS qRT-PCR miR-155, miR-146a Chi-squared test  
Mann-Whitney U test  
Survival curves with Kaplan-Meier  
method and log rank test  
ROC curves

Wu et al, 2014 [26] Prognostic Global screening by microarray comparing  
6 CS from DLBCL pt. with good prognosis and  
6 DLBCL pt. with bad prognosis  
29 miRNAs were selected for qRT-PCR

106 DLBCL pt.  
Stratified in low versus high expression levels

FFPE CS qRT-PCR miR-320d, miR-146b-5p COX proportional hazard ratio  
Survival curves with Kaplan-Meier method  
and log rank test  
Unpaired t-test

Song et al, 2014 [6] Prognostic Screening of 736 miRNAs by qRT-PCR on a complete remission 
group (n = 20) versus a primary refractory group (n = 20)  
5 miRNA were chosen for further analysis

133 DLBCL pt.   
Stratified in low versus high expression levels

Serum qRT-PCR miR-33a, miR-445-3p, miR-224, miR-1236, miR-520d-3p ROC curves  
COX proportional hazard ratio  
Survival curves with Kaplan-Meier method  
and log rank test

ABC = activated B-cell; CS = clinical samples (lymph node biopsies from DLBCL patients); DLBCL = diffuse large B-cell lymphoma; FFPE = formalin-fixed paraffin-embedded; GCB = germinal-centre B-cell; miRNA = microRNA; pt. = patients; qRT-PCR = quantitative real-time polymerase chain reaction; ROC = receiver operating characteristic. 
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miRNAs with expression patterns significantly associated 
with patient outcome (table 3). 

Three miRNAs showed a significant association be-
tween expression level and outcome in more than one 
study. Thus, high expression levels of miR-21 are dem-
onstrated in three different studies to be associated 

with improved relapse-free survival (RFS). Serum is ana-
lysed in two of the studies [23, 33] and tumour tissue in 
FFPE in one study [22]. High expression levels of miR-222 
correlate with poor progression-free survival (PFS) in 
three different studies [21, 24, 27]. Together, these 
three studies cover a cohort of 522 FFPE clinical DLBCL 

tablE 1

Study characteristics of included diagnostic and prognostic biomarker studies.

Reference study type   initial miRna-selection study size sample type data measurement significant miRnas statistical methods
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Cell lines Microarray and  
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Spearman’s correlation test
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34 ABC DLBCL  
85 GCB DLBCL

FFPE CS Microarray miR-155 Kruskal-Wallis test
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4 GCB DLBCL
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miR-569, miR-653, miR-138, miR-520h, miR-129
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p-value adjustment by Benjamini-Hodgberg 
correction method

Malumbres et al, 2009 [21] Diagnostic and 
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5 ABC DLBCL

106 DLBCL pt.  
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Lawrie et al, 2007  [22] Diagnostic and 
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5 DLBCL cell lines:  
3 GCB DLBCL  
2 ABC DLBCL

35 DLBCL pt.  
Stratified in low versus high expression levels:  
17 GCB DLBCL  
18 ABC DLBCL

FFPE CS Microarray qRT-PCR miR-21, miR-155, miR-221 Mann-Whitney independent t-test  
Survival curves with Kaplan-Meier  
method and log rank test

Chen et al, 2014 [23] Diagnostic and 
prognostic

Selection based on cell line study  
9 DLBCL cell lines:  
6 GCB DLBCL  
3 ABC DLBCL 

62 DLBCL pt.  
Stratified in low versus high expression levels:  
32 GCB DLBCL  
30 ABC DLBCL

Serum qRT-PCR miR-21 Unpaired t-test  
Survival curves with Kaplan-Meier method  
and log rank test

Montes-Moreno et al, 2011 [24] Diagnostic and 
prognostic

Global screening by microarray on 36 CS 240 DLBCL pt.   
Including test and validation group  
Stratified in low versus high expression levels:  
106 GCB DLBCL  
126 ABC DLBCL

FFPE CS qRT-PCR miR-221, miR-222, miR-144, miR-451, miR-331, miR-151,  
miR-28, miR-454-3p, miR-148a, miR-93, miR-491

Chi-squared test  
Survival curves with Kaplan-Meier method  
and log rank test  
COX regression analysis  
ROC curves

Zhong et al, 2012 [25] Diagnostic and 
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Previous research (2 miRNAs selected) 90 DLBCL pt.  
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69 ABC DLBCL
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29 miRNAs were selected for qRT-PCR
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FFPE CS qRT-PCR miR-320d, miR-146b-5p COX proportional hazard ratio  
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samples, and the patients were all treated uniformly 
with the R-CHOP regimen. 

The results for miR-23a are incongruent. For this 
miRNA, both high and low expression levels in clinical 
samples were reported to be associated with poor over-
all survival (OS), in [30] and [29], respectively. However, 
one of the studies looked into a remarkably larger co-
hort than the others; this cohort consisted of 104 FFPE 
clinical samples [30] as opposed to 58 FFPE clinical sam-
ples [29].

Alencar et al identified three miRNAs (miR-18a, 
miR-181a, and miR-222) in a cohort of 176 FFPE clinical 
samples independently associated with outcome in 
DLBCL [27]. Simultaneously, Montes-Moreno et al ap-
plied a miRNA expression-based model to predict OS 
and PFS, evaluated in 240 clinical samples [24]. They 
found that low expression levels of nine miRNAs (miR-
221, miR-222, miR-331, miR-451, miR-28, miR-151, miR-
148, miR-93 and miR-491) were significantly associated 
with better OS and PFS. The authors suggested that a 
combination of the miRNA-based model and the IPI 
score could improve the accuracy of prognostic evalu-
ation. In a recent study, serum levels of miR-33a and 
miR-445-3p above the mean level were associated with 
a higher possibility of remission; and serum levels of 
miR-224, miR-1236 and miR-520d-3p below the mean 
were associated with a lower rate of remission in 
R-CHOP-treated DLBCL patients [6]. Thus, miRNA expres-

sion profiles of tumour samples and/or body fluids as  
serum or plasma at time of diagnosis appear to hold 
prognostic information.     

discUssiOn
This systematic review identified a total of 20 studies ad-
dressing the role of miRNAs as diagnostic or prognostic 
biomarkers. The results, outlined in Table 2 and Table 3, 
present evidence that miRNA expression may function 
as a valuable tool in both diagnosis of DLBCL patients 
and in their stratification according to prognosis. The  
validity of our systematic search is improved by the fact 
that the search strategy encompassed Mesh terms/En-
try terms as well as free-text words and by the fact that 
it meets the PRISMA guidelines. 

Although it is suggested that miRNAs can be used to 
distinguish DLBCL from other lymphoma types [34, 29] 
the focus of our review was to decipher miRNA expres-
sion patterns in DLBCL subtype diagnostics and prognos-
tics.

We present evidence that miRNA profiles are asso-
ciated with DLBCL molecular subtypes. Associations of 8 
important miRNAs were found in more than one study; 
miR-155, miR-21, miR-221, miR-222, miR-146a, miR-363 
and miR-518a were found to be more highly expressed 
in the ABC subtype, and miR-421 was more highly ex-
pressed in the GCB subtype. Furthermore, data pre-
sented in Table 3 suggest that specific miRNA expression 

tablE 1, cOntinUEd

Study characteristics of included diagnostic and prognostic biomarker studies.

Reference study type   initial miRna-selection study size sample type data measurement significant miRnas statistical methods

Alencar et al, 2011 [27] Prognostic Previous research (11 miRNAs selected) 176 DLBCL pt. FFPE CS qRT-PCR miR-18a, miR-181a, miR-222 Survival curves with Kaplan-Meier method  
and log rank test  
miR-18a and 181a as continuous variables,  
miR-222 as dichotomous variable

Ohyashiki et al, 2011 [28] Prognostic Global screening by microarray on 4 DLBCL CS  
compared to CS from healthy controls 

34 DLBCL pt.  
Stratified in low versus normal expression levels

Plasma qRT-PCR miR-92a Chi-squared test

Roehle et al, 2008 [29] Prognostic qRT-PCR screening of 157 miRNAs on pt. samples 58 DLBCL pt.  
0 controls

FFPE CS qRT-PCR miR-195, miR-23a, miR-19a, miR-27a, miR-34a, miR-127 Survival curves with Kaplan-Meier  
method and log rank test

Wang et al, 2014 [30] Prognostic Previous research (1 miRNA selected) 104 DLBCL pt.  
28 controls with reactive lymph nodes

FFPE CS qRT-PCR miR-23a Chi-squared test, unpaired t-test  
Survival curves with Kaplan-Meier method  
and log rank test  
ROC curves

Berglund et al, 2013 [31] Prognostic Previous research (1 miRNA selected) 61 DLBCL pt.  
Stratified in low versus high expression levels

FFPE CS qRT-PCR miR-200c Survival curves with Kaplan-Meier method  
and log rank test  
Fisher’s exact test  
Unpaired t-test

Hedström et al, 2013 [32] Prognostic Previous research (1 miRNA selected) 61 DLBCL pt.  
Stratified in low versus high expression levels

FFPE CS qRT-PCR miR-129-5p Survival curves with Kaplan-Meier method  
and log rank test  
Fisher’s exact test  
Unpaired t-test

Lawrie et al. (2008) [33] Prognostic Previous research (3 miRNAs selected) 61 DLBCL pt.  
43 healthy controls

Serum qRT-PCR miR-21 Survival curves with Kaplan-Meier method  
and log rank test  
Unpaired t-test

ABC = activated B-cell; CS = clinical samples (lymph node biopsies from DLBCL patients); DLBCL = diffuse large B-cell lymphoma; FFPE = formalin-fixed paraffin-embedded; GCB = germinal-centre B-cell; miRNA = microRNA; pt. = patients; qRT-PCR = quantitative real-time polymerase chain reaction; ROC = receiver operating characteristic. 
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patterns are associated with outcome in DLBCL patients. 
However, only a limited number of miRNAs (miR-21, 
miR-23a, and miR-222) were found with results showing 
consistency across more studies. The number of samples 
used in the studies also varies considerably. Naturally, 
the larger the cohort is the more valid are the results. 
Therefore, the results found in the studies by Montes-
Moreno et al [24], Alencar et al [27] and Song et al [6] 
stand out with large cohorts of 240, 176 and 133 sam-
ples, respectively. 

Another important matter that makes the studies 
less comparable is the fact that patients did not receive 
the same treatment in the different studies reviewed.  
In the majority of the studies, the patients received the 
R-CHOP regimen; however, this was not verified in all 
studies. This is a potential bias because the uniqueness 
of prognostic biomarkers is dependent on the effective-
ness of the treatment [35]. When analysing the results 
of the studies, it is also important to consider the differ-
ences in methodology (Table 1). The initial microarray 
screening that was performed in several of the studies 
was not based on the same platforms and the micro-
array screening therefore does not contain probes for 
the same miRNAs. This also applies qRT-PCR, where dif-
ferent primer probes and platforms were used. The ac-
curacy of the qRT-PCR therefore cannot be compared 
across studies.

There are examples of disagreements between the 

studies. For miR-23a, inconsistency was observed, as 
both high and low expression levels were associated 
with a poor OS [29, 30]. Considering the fact that pa-
tients with the ABC subtype have a poorer prognosis 
than patients with the GCB DLBCL subtype, it was re-
markable that only a few miRNAs were highly expressed 
in the ABC subtype also associated with the overall prog-
nosis of the disease.

The only consistent results in Table 2 and Table 3 
are for miR-221, miR-222, miR-146a and miR-155. 
Interestingly, a high expression of miR-21 is associated 
with the ABC subtype in 5 different studies [19-23], 
which is in contradiction to the observation that a high 
miR-21 expression is associated with improved RFS 
which is found in three different studies [22, 23, 33]. 
Considering the fact that miR-21 is most often reported 
to behave as an oncogene, the finding of it being a posi-
tive prognostic biomarker is noteworthy. Chen et al sug-
gest that the different findings may be caused by differ-
ent methods or sample quantity. Perhaps the different 
sample materials (serum versus FFPE clinical samples) 
may cause conflicting results. There is not necessarily 
any coherence between what is identified in tumour bi-
opsies and in serum. Another factor that may influence 
the conflicting results is that in clinical tumour samples, 
the miRNA expression levels may come from both tu-
mour tissue and the microenvironment, which was 
shown for miR-21 [36]. 
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MiRNAs show promise as biomarkers. Besides being 
very stable and easy to measure in body fluids or tissue 
samples, an ideal prognostic biomarker should be both 
sensitive and specific [37]. Furthermore, it should a have 
direct association with disease progression or outcome, 
and therefore should be able to predict long-term 
changes in disease prognosis based on short-term 
changes in its expression [37]. MiRNAs hold the poten-
tial to fulfil all of these criteria. 

To guide the process of diagnostic biomarker devel-
opment and evaluation, a formal screening structure 
consisting of 5 phases has been developed by the Early 
Detection Research Network (EDRN) [38]. By using the 
ERDN strategy, the development of biomarkers is sys-
tematised, and high standards may be achieved before 
implementation of biomarkers as a routine clinical tool. 
The results and methods presented in this review con-
cerning miRNAs as biomarkers are all performed in the 
early phases of the EDRN biomarker development, and 
few miRNAs were validated in cross-centre studies. 
Therefore, further research is required, following the 
ERDN validation stages, before miRNA biomarkers can 
be used in daily practice.       

New methods for measurement of miRNA expres-
sion levels should be considered. In recent years, next-
generation sequencing (NGS), also known as high-
throughput sequencing, has been used extensively in 
genetic research. This has become a relatively inexpen-
sive and effective method of genome-wide DNA/RNA 
analyses [39] enabling a new method in miRNA research 
called miRNA sequencing [40, 41]. MiRNA sequencing 
has a number of advantages compared to conventional 
methods of measuring miRNA expression, such as qRT-
PCR and microarray, because it can identify by sequence 
and quantify by counting events in hundreds of miRNAs 
at the same time [41]. It is therefore not necessary to 
choose a specific miRNA of interest beforehand as in 
qRT-PCR or to select complementary probes for known 
miRNAs as with microarrays. This also allows identifica-
tion of new miRNAs [39, 41]. However, miRNA sequenc-
ing also has its limitations because a large sample 
amount is needed, and it remains more expensive and 
time-consuming than qRT-PCR and microarrays analysis 
[41]. To date, only few miRNA sequencing studies on 
DLBCL have been conducted [42, 43].

The fact that differentially expressed miRNAs have 
the ability to distinguish molecular subtypes of DLBCL 
and may contribute to diagnostic accuracy means that 
their expression levels may assist in early and rapid diag-
nosis and prognostic evaluation. Therefore, miRNA bio-
markers as screened by the EDRN strategy can contrib-
ute to an era of more personalised medicine and enable 
a shift in diagnostic and treatment guidance strategy to-
wards more efficient ones. 

tablE 2

MicroRNAs and  dif-
fuse large B-cell 
lymph oma subtypes. 
ABC = activated B-
cell; DLBCL = diffuse 
large B-cell lym-
phoma; GCB = ger-
minal-centre B-cell;  
miR = microRNA.  
a) Associated with 1 
subtype in ≥ 2 studies.

high expression in References

ABC DLBCL

miR-155a [16-22, 25]

miR-21a [19-23]

miR-221a [19, 20, 22, 24]

miR-222a [19-21, 24]

miR-146aa [18, 20, 21, 25]

miR-363a [19-21]

miR-518aa [19, 20]

miR-146b-5p [21]

miR-500 [21]

miR-574-3p [21]

miR-574-5p [21]

miR-144 [24]

miR-451 [24]

miR-17 [15]

miR-19b [15]

miR-20a [15]

miR-29a [15]

miR-92a [15]

miR-106a [15]

miR-720 [15]

miR-1260 [15]

miR-1280 [15]

miR-132 [20]

miR-340 [20]

miR-301 [20]

miR-30d [20]

miR-442b [20]

miR-190 [20]

miR-194 [20]

miR-660 [20]

miR-213 [20]

miR-186 [20]

GCB DLBCL

miR-421a [19, 20]

miR-331 [24]

miR-151 [24]

miR-28 [24]

miR-454-3p [24]

miR-620 [20]

miR-616 [20]

miR-199b [20]

miR-569 [20]

miR-653 [20]

miR-138 [20]

miR-520h [20]

miR-129 [20]

miR-181a [19]

miR-590 [19]

miR-324 [19]
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cOnclUsiOn
In conclusion, this systematic review has collected cur-
rent literature on miRNA expression as diagnostic and 
prognostic biomarkers in DLBCL. We have presented the 
results, advantages and limitations of these studies, and 
we have summarised the steps yet to be taken before 
miRNAs can be used clinically as biomarkers. 

Based on the results presented in this review, it is 
clear that the potential of miRNAs as diagnostic and 
prognostic biomarkers is promising, and it is possible 
that the use of specific miRNA signature models can be 
integrated into daily practice and used in combination 
with clinical factors such as IPI. We believe that miRNAs 

as biomarkers can contribute to a shift towards a more 
individualised and patient-tailored treatment of DLBCL 
patients. However, additional research is needed before 
miRNA biomarkers become a reality in a routine clinical 
setting. 
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tablE 3

 

miRna Prognosis  Expression 
Outcome  
measurement treatment samples Reference 

miR-33a Improved High RSR R-CHOP Serum from 133 DLBCL pt. [6]
miR-445-3p Improved High RSR R-CHOP Serum from 133 DLBCL pt. [6]
miR-181a Improved High PFS R-CHOP 176 FFPE CS [27]
miR-21a  Improved High RFS - Serum from 61 DLBCL pt. [33] 

Improved High RFS - Serum from 62 DLBCL pt. [23]
Improved High RFS - 35 FFPE CS [22]

miR-146a Improved Low RSR, OS and PFS R-CHOP/ CHOP 90 FFPE CS [25]

miR-155 Improved Low RSR, OS and PFS R-CHOP/ CHOP 90 FFPE CS [25]
miR-195 Improved Low OS CHOP 58 FFPE CS [29]
miR-200c Poor High OS R-CHOP 61 FFPE CS [31]
miR-18a Poor High OS R-CHOP 176 FFPE CS [27]
miR-23aa  Poor High OS - 104 FFPE CS [30]

Poor Low OS CHOP 58 FFPE CS [29]
miR-222a  Poor High PFS R-CHOP 176 FFPE CS [27]

Poor High OS and PFS R-CHOP 106 FFPE CS [21]
Poor High OS and PFS R-CHOP 240 FFPE CS [24]

miR-221 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-331 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-451 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-28 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-151 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-148a Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-93 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-491 Poor High OS and PFS R-CHOP 240 FFPE CS [24]
miR-224 Poor High RSR R-CHOP Serum from 133 DLBCL pt. [6]
miR-1236 Poor High RSR R-CHOP Serum from 133 DLBCL pt. [6]
miR-520d-3p Poor High RSR R-CHOP Serum from 133 DLBCL pt. [6]
miR-19a Poor Low PFS CHOP 58 FFPE CS [29]
miR-27a Poor Low OS CHOP 58 FFPE CS [29]
miR-34a Poor Low OS CHOP 58 FFPE CS [29]
miR-127 Poor Low OS and PFS CHOP 58 FFPE CS [29]
miR-92a Poor Low Increased RR CHOP Plasma from 34 DLBCL pt. [28]
miR-320d Poor Low OS and PFS CHOP 106 FFPE CS [26]
miR-146b-5p Poor Low PFS CHOP 106 FFPE CS [26]
miR-129-5p Poor Low OS R-CHOP 61 FFPE CS [32]

CS = clinical samples (lymph node biopsies from DLBCL patients); DLBCL = diffuse large B-cell lymphoma; FFPE = formalin-fixed paraf-
fin-embedded; miRNA = microRNA; OS = overall survival; PFS = progression-free survival; pt. = patients; (R-)CHOP = (rituximab-) 
cyclophosphamide doxorubicin vincristine prednisone; RFS = relapse-free survival; RR = relapse rate; RSR = remission rate. 
a) Associated with 1 subtype in ≥ 2 studies.

MicroRNAs associated with patient prog-
nosis in diffuse large B-cell lymphoma.
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