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Purpose: Recent studies have validated microRNAs (miRNAs) as a diagnostic biomarker

for haematological cancers. This study aimed to estimate the overall diagnostic accuracy of

circulating miRNAs in haematological malignancies.

Materials and Methods: Multiple databases (Google Scholar, PubMed, EMBASE,

Cochrane Library,) were searched until 19th August 2017.

Results: The meta-analysis included 50 studies from 20 publications. The diagnostic

accuracy was assessed by pooled specificity, sensitivity, positive likelihood ratio (PLR),

negative likelihood ratio (NLR), diagnostic odds ratio (DOR) and area under the curve

area (AUC) by random effect model. We used QUADAS (Quality Assessment for diagnostic

accuracy studies) to evaluate the quality of the included studies. To perform the meta-

analysis, we used Meta-Disk 1.4, Revman 5.3 and Stata 12.0 software. High diagnostic

accuracy was demonstrated, with a sensitivity of 0.81, a specificity of 0.85, a PLR of 5.28, an

NLR of 0.22, a DOR of 30.39, and an AUC of 0.91. Subgroup analyses showed better

outcomes for the African population, combined miRNAs and leukaemia patients compared

with other subgroups.

Conclusion: Our results indicated that circulating miRNAs especially combined miRNA

can be used as a diagnostic marker in haematological cancers.
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Introduction
Haematological cancers are caused by the malignant transformation of bone marrow

cells, and the lymphatic system is mostly classified into three essential parts: lymphoma,

leukaemia and multiple myeloma (MM).1–3 Every year, more than 60,300 people (3.5%

of all new cancer cases) are diagnosed with leukaemia in the world with acute myeloid

leukaemia (AML) being the most commonly diagnosed. The 5-years overall survival

percentage of patients with AML is 27.4%.4 Early diagnosis, and effective treatment is

essential due to the aggressive nature of haematological malignancies. As a result of

MICM (molecular, immunology, cytogenetic, morphology) diagnostic classification for

leukaemia,5,6 a significant upgrade in the diagnosis and treatment of leukaemia have been

presented in recent decades. However, the overall prevalence of leukaemia continues to

increase (by 0.5% per year).7 Currently, flow cytometry, which is the accepted technique

for malignant haematological detection, can be used to diagnose leukaemia cells because

of its high sensitivity, simplicity and specificity8 but it is expensive, time-wasting and

needs a more top expertise resulting in the limitation of its uses in the clinical and health
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contexts.9,10 Besides, the diagnosis of leukaemia and lym-

phoma has been shown to be helpful by therapeutic antibodies

such as anti-CD19, anti-CD20, anti-CD27 and anti-CD33.

However, their uses are reduced because of their diagnostic

accuracy uncertainties and also the toxicities of these antigens

to normal cells.11,12 Haematological cancers are very aggres-

sive; hence diagnosing it earlier will help improve patient’s

prognosis and also increase the survival rates. Nevertheless,

recent diagnosis techniques have different limitations, such as

low sensitivity, specificity, and low predictive power and it is,

therefore desirable to develop new biomarkers for the detect-

ing of haematological cancers early.

MicroRNAs (miRNAs) are a short, single and small

non - coding family of RNAs (21~25 nucleotides)13,14 that

target more than 30% of human genes.15 The discovery of

miRNAs has dramatically affected our current understand-

ing of gene regulation and prospects for identifying bio-

markers for cancers. Circulating microRNAs are a group

of microRNAs that emanate from tissue and appears in

cell-free body fluids. MicroRNA can not only be detected

in tissue samples but also serum, urine, blood and other

accessible sources with minimal invasiveness. The dereg-

ulation of microRNA is very much established in a variety

of diseases; direct causal connections have only recently

been clarified. Tumours regularly present overexpression

of miRNA levels as a result of biogenesis pathway defects,

genetic loss and epigenetic silencing. A study by Guo et al

showed that there was an overexpression of miR-221

levels in NTCL patients. This indicates that the impair-

ment of the pathological regulatory mechanism of

microRNA is connected to haematological malignant

development.16–23 Again, there was an association

between the overexpression of miR-181-5p level and

poor survival outcomes in AML patient.24 Ohyashik et al

also showed that miR-92 plasma levels were deficient in

lymphoma patients compared to healthy controls.21

Besides, circulating miRNAs have been reported to be

stable in serum and plasma and can withstand RNAs

digestion as they are found in microvesicles such as apop-

totic bodies and exosomes.25 Moreover, we can also quan-

tify its levels with miRNA assay.26,27 Therefore,

deregulation of miRNAs could serve as a conspicuous

sign for haematological cancers. Even though past studies

have indicated that miRNAs can serve as a possible bio-

marker in haematological malignancies diagnosis, the find-

ings of these studies contain discrepancies and

inconsistencies. Guo et al demonstrated that NTCL

patients had an increased miR-221 level compared to

healthy people, with a specificity of 75.7% and

a sensitivity of 57.5% in NTCL patients.20 Xie et al studies

showed a specificity of 93% and a sensitivity of 80% of

miR-221 in patients with AML.28 Both results indicate that

miR-221 can serve as a diagnostic biomarker in patients

with AML than NTCL patients. Hao et al reported 77%

specificity and 60% sensitivity in serum specimen,22 with

91.9% sensitivity and 99.1% specificity as tests based on

plasma specimens.29 Race, size of sample, study design,

sample type and type of miRNA profiling may have led to

conflicting findings from recent studies hence the differ-

ences between studies need to be evaluated systematically.

Therefore, this meta-analysis was carried out to provide

a comprehensive evaluation and an up - to - date assess-

ment of the overall accuracy of miRNA detection in the

diagnosis of haematological cancers.

Materials and methods
Searching and screening of literature
We conducted extensive searches in a variety of databases,

including Google Scholar, PubMed, Cochrane Library,

EMBASE and Baidu Xushe up to 19th August 2017. The

following keywords were used to identify the studies: (1)

circulating microRNA or miRNA; (2) diagnostic biomar-

ker; (3) sensitivity (4) specificity or ROC curve; (5) hae-

matological cancer or haematological malignancy (6)

lymphoma; (7) multiple myeloma (8) leukaemia.

Furthermore, we involved other relevant articles discov-

ered through manual searching.

Exclusion and inclusion criteria
The inclusion criteria were as follows: (1) healthy indivi-

duals are used as controls; (2) any haematological cancer

type; (3) studies that provided information on specificity

(4) sensitivity (5) sample size; and (6) miRNAs are mea-

sured in serum or plasma. The criteria for exclusion

included: 1) publications with incomplete information,

(2) letters, (3) conference abstracts, and (4) duplicate

publications.

Quality assessment and data extraction
Two reviewers (Kwateng and Waqas) independently evalu-

ated the eligibility of the selected studies. Another investi-

gator (Gloria) also participated in the extraction of data. Any

disagreements and discrepancies were resolved through full

dialogue with the third investigator. The name of author, year

of publication, country, sample size, ethnicity, type of
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miRNA profiling, disease type, specimen, miRNAs expres-

sion, sensitivity, specificity, true-positive (TP), false negative

(FN), true- negative (TN) and false-positive (FP) were the

data extracted from the included studies. QUADAS-2

(Quality Assessment of Diagnostic Accuracy Studies 2)

was used for assessing the risk of publication bias, and

quality of studies included,30 and the quality of the reporting

of the studies included was evaluated following their com-

pliance with the PRISMA statement.

Statistical analysis
We used Meta Disc version 1.4, Revman 5.3 and STATA

12.0 statistical software to carry out all analyses.31–33

According to the guidelines for meta-analysis of diagnos-

tic accuracy,34 accuracy data were obtained from each

study, including true positive (TP), false positive (FP),

true negative (TN) and false negative (FN). The positive

likelihood ratio (PLR), the negative likelihood ratio

(NLR), the diagnostic odds ratio (DOR) and their (95%

CIs) 95% confidence intervals were determined to evaluate

the ability to differentiate healthy individuals from cancer

patients. The area under the curve (AUC) of the summary

receiver operator characteristic (SROC) curve and the

diagnostic odds ratio (DOR) were used in the evaluation

of the overall performance of each diagnostic test. The

heterogeneity between the specificity and sensitivity data

of the studies was evaluated by index (I2). A high value of

I2 (>50%) indicated heterogeneity. Subgroups analysis was

used to investigate possible sources of heterogeneity

between the included studies.

Results
Characteristics of included studies
The flow diagram for the included studies is shown in

(Figure 1). A total of 682 articles were identified through

the electronic database search (n=673) and other sources

(n=9). After 150 duplicates were removed, five hundred

and thirty-two (532) records were left for further screen-

ing. After that, 459 records were excluded because they

did not meet our criteria for inclusion. Full text of the

remaining 73 articles was read to evaluate the eligibility

and 53 were excluded further. Finally, our quantitative

analysis included 20 records four (4) of which were on

lymphoma, seven (7) were on AML, and nine (9) were

on multiple myeloma. The characteristics of the studies

included are shown in (Table 1).16,17,19–24,28,29,35–44

A total of 1,389 haematological cancer patients (433

leukaemia, 391 lymphomas and 565 MM) and 1013

healthy controls were investigated. In all studies, quanti-

tative real-time chain reaction polymerase (qRT-PCR)

tests were used to detect expression levels of miRNAs

in either plasma (n=28) or serum (n=22). Thirty-six (36)

of the studies included focused on Asian populations, 6

focused on African population while the remaining 8

investigated European populations. Of the 50 studies, 5

were in multiple miRNAs thus in 5 of the studies analy-

sis, the sensitivity, specificity, positive likelihood ratio

and the negative likelihood ratio was calculated using

two or more miRNAs combined together, and 45 were

in single miRNAs indicate that in 45 of the studies

analysis the sensitivity, specificity, positive likelihood

ratio and the negative likelihood ratio was calculated by

using only one miRNA.

Analysis of diagnostic accuracy
We found significant heterogeneity of (I2 =88.1% for sensi-

tivity and I2 =84.0% for specificity) after we initially eval-

uated the specificity and sensitivity results of all eligible

studies. The forest plots of sensitivity, specificity, PLR,

NLR and DOR are shown in (Figures 2–6) respectively.

The pooled specificity was 0.85 (95% CI, 0.83–0.86), sen-

sitivity was 0.81 (95% CI, 0.79–0.82), NLR was 0.22 (95%

CI, 0.18–0.27), PLR was 5.28 (95% CI: 4.25–6.56) and

DOR was 30.30 (95% CI, 21.19–43.61). These results

showed that miRNAs could distinguish patients with hae-

matological cancer from healthy individuals. The overall

results of the SROC curve are shown in Figure 7. The AUC

was 0.91 (95% CI, 0.88–0.93), suggesting that miRNAs

could be useful for the diagnosis of haematological cancer.

Subgroup analysis and meta-regression
Our subgroup analysis outcomes are shown in (Table 2).

Studies in leukaemia patients specifically AML subtype

showed significantly better results than multiple myeloma

and lymphoma patients. This result indicates that miRNAs

assay showed high diagnostic accuracy and improved its

efficiency in differentiating leukaemia patients from ordin-

ary people. We further carried out an ethnicity-based sub-

group analysis. The pooled sensitivity for the African

population was 0.84 (95% CI, 0.82–0.90) and the specifi-

city was 0.91(95% CI, 0.87–0.95) with a DOR of 55.22

(95% CI, 21.23–143.64) and an AUC of 0.95. Asian

population group was 0.84 (95% CI, 0.80–0.88) and the

specificity was 0.84 (95% CI, 0.82–0.85) with a DOR of

26.61(95% CI, 17.55–40.36) and an AUC of 0.94. The
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pooled sensitivity for the European population group was

0.84 (95% CI, 0.80–0.88) and the specificity was 0.84

(95% CI, 0.79–0.89) with a DOR of 22.98 (95% CI,

12.34–42.77) and an AUC of 0.89. The best diagnostic

accuracy was found in African populations compared to

the Asian and European populations. Furthermore, a PLR

of 4.92 promising results was showed when the analysis of

the type of miRNA profile subgroup was carried out.

Single miRNA demonstrated a specificity of 0.84, sensi-

tivity of 0.78, NLR of 0.24, PLR of 4.92, DOR of 25.37

and an AUC of 0.90 whiles multiple miRNAs showed

a higher specificity of 0.94, a sensitivity of 0.88, DOR of

93.15 and an AUC of 0.92, reflecting a higher diagnostic

potential. Also, a comparison between the expression

levels of miRNA in plasma and serum revealed that the

specificity in plasma was higher 0.89 than in serum 0.81.

The PLR and DOR of plasma miRNAs are 6.29 and 30.77

respectively compared to 4.69 and 27.56 of serum

miRNAs, demonstrating that plasma miRNAs can be

used as a reliable diagnostic biomarker.

Diagnostic threshold effect analysis
The threshold effect is a crucial heterogeneity source in

diagnostic testing. The differences in the specificity and

sensitivity lead to the threshold effect. The Spearman corre-

lation coefficient of sensitivity and specificity26 is an accep-

table approach for assessing the threshold effect. Our study

analyses showed that the Spearman correlation coefficient

was −0.07 (P=0.64) in a total of 50 studies, indicating that the
threshold effect did not cause heterogeneity.

Studies included in 
quantitative synthesis

(meta-analysis)
(n=20)
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Full-text articles excluded,
based on incomplete data,

not in field of interest
(n=53)

Full-text articles assessed
for eligibility

(n=73)

Records screened
(n=532)

Records after duplicates removed
(n=532)

Records identified through
database searching

(n=673)

Additional records identified
through other sources

(n=9)

Records excluded
(n=459)

Figure 1 Flowchart of studies selection.
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Discussion
The number of deaths caused by haematological cancer seems

to be increasing due to insufficient knowledge concerning the

cause of disease.2,45,46 Most patients usually are asymptomatic

therefore making the diagnosis tougher. Fever, bleeding, and

lymphadenopathy are symptoms observed in patients with

AML, whiles patients with diffuse large B-cell lymphoma

are seen with precancerous lesions, whiles anaemia and higher

calcium levels are evident in MM patients.46–48 In any case,

notwithstanding when clinical signs are seen, traditional

Table 1 Characteristics of included studies

First author, year Ethnicity Sample
Size

patients miRNA profiled Specimen Expression QUAD-
AS-2

Case Conrol

Elhamamsy et al, 2016 African 65 50 AML miR-92a

miR-143

miR-342

Plasma

Plasma

Plasma

up

up

up

6

Yoshizawa et al, 2012 European 62 21 MM miR-92a Plasma down 5

Swellam et al, 2016 African 85 20 AML miR-100

miR-196a

miR-146a

Plasma

Plasma

Plasma

up

up

up

6

Sevcikova et al,2013 European 91 30 MM miR-29a Serum 7

Qu et al, 2013 Asian 50 50 MM miR-483-5p Plasma up 7

Kubiczkova et al,2014 European 103 30 MM miR-34a/let-7e Serum 6

Hao et al, 2013 Asian 47 15 MM miR-19a

miR-92a

Serum

Serum

down

up

6

Ohyashiki et al,2011 Asian 144 37 NHL miR-92a/miR-638 Plasma down 7

Mao et al, 2014 Asian 93 210 PCNSL miR-21 Serum up 6

Guo et al, 2010 Asian 79 37 NTCL miR-221 Plasma up 6

Fang et al,2012 Asian 75 77 DLBCL miR-15a

miR-16–1

miR-34a

miR-155

miR-29c

Serum

Serum

Serum

Serum

Serum

up

up

down

up

up

7

Xie et al, 2012 Asian 45 30 AML miR-21

miR-155

miR-210

miR-221

Serum

Serum

Serum

Serum

up

up

up

up

5

Zhi et al, 2013 Asian 140 135 AML miR-10a-5p

miR-93-5p

miR-129-5p

miR-155-5p

miR-181b-5p

miR-320d

Serum

Serum

Serum

Serum

Serum

Serum

up

up

up

up

up

up

6

Wang et al, 2012 Asian 52 100 AML miR-29a

miR-142-3p

miR-29a/miR-142-3p

Plasma

Plasma

Plasma

down

down

down

5

Fayyad et al, 2013 European 20 20 AML miR-150

miR-342

miR-150/miR-342

Plasma

Plasma

Plasma

down

down

down

6

Qu X et al, 2014 Asian 40 20 MM miR-483-5p

miR-20a

Plasma

Plasma

up

down

6

Yu J et al, 2013 Asian 40 30 MM miR-202 Serum up 6

Jones CI,2012 European 24 13 MM miR-720

miR-1308

Serum

Serum

up

down

6

Abbreviations: MM, Multiple myeloma; AML, Acute myeloid leukaemia, NHL, Non-Hodgkin Lymphoma; DLBCL, Diffuse Large B Cell Lymphoma, PCNSL, primary central

nervous system lymphoma, NTCL, NK/T-cell lymphoma.
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Figure 2 Forest plot of sensitivity.
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Figure 3 Forest plot of specificity.
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treatments are not sufficiently effective in curing many

patients because of the low precision of recent diagnostic

techniques, mind-boggling expense, and unsafe nature of the

current diagnostic methods.18 In this way, noninvasive and

early strategies for haematological malignancy detection are

vital in enhancing the results of haematological malignancies.

Several studies have currently examined the possible benefits

of circulating microRNAs in detecting haematological cancers

but with an inconsistent conclusion. We, therefore, carried out

this study to evaluate if miRNAs can be used as a diagnostic

Figure 4 Forest plot of the negative likelihood ratio (NLR).
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Figure 5 Forest plot of the positive likelihood ratio (PRL).
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biomarker to improve the detection of haematological cancers

early.

In our study, an overall 0.85 of specificity, 0.81 of sensi-

tivity, and 0.91 of AUC showed that an overall high accuracy

was attained when circulating miRNAs was used as

a diagnostic biomarker in haematological cancers. Also, the

5.3 value of the positive likelihood shows a nominal capacity

of miRNAs to distinguish patients with haematological can-

cers from normal people. Also, the 0.22 value of the negative

likelihood ratio shows its capacity to exclude patients who

are without cancers. The DOR result in our study was 30.39

which shows a high overall accuracy level in the 50 studies.

Furthermore, we analysed heterogeneity source via car-

rying out analyses of subgroup based on these factors:

Figure 6 Forest plot of diagnostic odds ratio (DOR).
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patient’s classification, ethnicity, classification of

microRNA profile and specimen classification (serum or

plasma). Patients were grouped into three different sections

based on cancer classification: MM, AML and lymphoma.

The overall accuracy detection was highest in AML patients

despite the high relative value in MM and lymphoma

patients. Consequently, miRNAs can be a useful biomarker

for haematological cancers, particular in AML patients.

Furthermore, it is fundamental and essential to comprehend

the connection between the progression of disease and

microRNAs in distinguishing microRNAs as diagnostic

markers in haematological malignancies. Microvesicles

such as exosomes release miRNAs from cells.25 The

decrease in the sensitivity of certain microRNAs could be

attributed to the intake of exosomes by tumour cells, leading

to a decline in the plasma expression of microRNAs in the

exosomes.18,21 In contrast, the upregulation of certain

miRNAs may be due to cells infiltrating the lymphomas

and miRNAs obtained from dying tumour cells.

Additionally, our subgroup results based on microRNAs

profile type revealed combined microRNAs to be most

favourable than single microRNA when used in detecting

haematological malignancies as diagnostic biomarkers

which is steady and the same with past investigations.

Hao et al reported that combined miR-19a and miR-92a

could be useful in differentiating patients with multiple

myeloma from normal individuals with 80% specificity

and 82% sensitivity compared to 80% specificity and 67%

sensitivity of single miR-19a and 77% specificity and 60%

sensitivity of single miR-92a.22 Again, Wang et al demon-

strated that a better diagnostic result was obtained when two

miRNAs were combined with a sensitivity of 89.9% and

a specificity of 100% in comparison to when a single

miRNA is used.36 It has been reported that there is

a linkage of different racial expression profiles with the

concentration of circulating miRNA.

We additionally investigated if ethnicity influences the

circulation of microRNAs and got comparative outcomes.

Contrasted with Asian and Europeans populaces, the

African population had the highest DOR estimation of

55.22, and the AUC was 0.95, recommending that

miRNAs in African populations could be more precise.

Li et al and Xu et al reported that the Asian population had

the highest DOR value and AUC because their analysis

involved only Asian and Europeans.33,34 However, exten-

sive studies concentrating on racial differential back-

grounds are necessary to validate these discoveries.

Also for the sample type, the profile expressions of

microRNA were reported to differ significantly between the

serum and the plasma. McDonald et al showed that was

a higher concentration of miRNA in plasma compared to

serum hence sample types are crucial in the investigation of

the usefulness of circulating microRNAs as biomarkers.49 We

additionally demonstrated that microRNAs assay utilizing

Sensitivity

1-specificity

Figure 7 Summary ROC curve for the included studies.
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plasma specimens had a higher diagnostic accuracy of 0.89

specificity and DOR of 30.77 in comparison to serum speci-

men with 0.81 specificity and DOR of 27.56. This outcome

can be connected to the progression and beginning of haema-

tological malignancies because the cancer proliferation of

plasma cells in the bone marrow leads to multiple myeloma.47

Our present meta-analysis has many advantages com-

pared with past investigations. First of all, we involved

a number of microRNAs evaluated in past studies, which

improves the authenticity of our diagnostic value out-

comes. Secondly, more studies were included by under-

taking thoughtful search terms for new works of

literature, making it the largest sample size as compared

to previous studies. Furthermore, subgroup analyses were

carried out to identify possible heterogeneity sources. We

also used Meta-Disc 1.4 software to analyse the past

individual investigations quantitatively. The Meta-Disc

software is a unique and comprehensive diagnostic meta-

analysis software and has severally been quoted in

numerous meta-analysis of high-quality, demonstrating

an excellent software performance.26 Our outcomes are

very promising and encouraging since it is the first meta-

analysis study involving statistical data concerning

African populations as previous studies did not.

However, our study still has some limitations. Firstly, the

subgroup classification based on age, the subtype of leukaemia

and gender was not taken into consideration in our studies due

to relatively fewer studies, smaller sample sizes and lack of

information from the studies included. Secondly, there is no

agreement about the endogenous reference for the quantifica-

tion of circulating microRNA. For instance, Tanaka et al used

miR-683 while Fayyad-Kazan et al selected miR-16 in the

quantification of plasma microRNA as an endogenous

referencing30,50 because the serum or plasma expression of

miR-683 and miR-16 was consistently reported in differential

human tissues and agnate in patients and healthy

individuals.42,51,52 However, the other studies included did

not give the details of their different accession.

Conclusion
In conclusion, our outcomes demonstrated the possible value

of circulating microRNAs in haematological cancers diagno-

sis. Also,microRNAs panels can be used as a useful diagnostic

biomarker in the African population in diagnosing leukaemia.

Our result also emphasises the potential value of plasma as

a more favourable specimen to detect the expression of

microRNAs than serum. More researches are needed to con-

firm our findings.T
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