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Abstract. Osteopontin (OPN) has been investigated in 
the field of tumor research for several years. However, the 
prognostic role of OPN overexpression in acute myeloid 
leukemia (AML) remains controversial. A meta‑analysis 
of four studies, including a total of 492  patients, was 
performed to determine the association of OPN with overall 
survival (OS) in AML patients. The random‑effects model 
of Der Simonian and Laird was used to synthesize data; 
hazard ratio (HR) with its 95% confidence interval (CI) 
was used as the effect size estimate. It was observed that  
serum‑based OPN was inversely correlated with OS and the 
difference was statistically significant (HR=1.83; 95% CI: 
1.43‑2.35; P<0.001). Experimental findings indicate that OPN 
overexpression is associated with a poor prognosis in AML 
and may be of prognostic value for AML stage and metastasis.

Introduction

Acute myeloid leukemia (AML) is a unique type of malig-
nancy, the main treatment for which is chemotherapy alone or 
chemotherapy combined with radiotherapy, as surgical inter-
vention is not indicated, with certain exceptions (1). Although 
significant progress has been made in the diagnosis and treat-
ment of AML, the prognosis of leukemia patients is dismal 
due to recurrence and poor response to adjunctive treatments 
in advanced stages. Thus, it is crucial to identify predictive 

factors for prognosis and metastasis/recurrence, which may 
help with regimen selection and improve patient survival.

Predictive factors are subdivided into host‑related (e.g., 
age and performance status) and tumor‑related (e.g., number 
of tumor cells, cytogenetic and molecular characteristics of 
the leukemic clone, growth characteristics and resistance to 
apoptosis). Hematological malignancies are not only affected 
by the molecular interactions within the malignant cell clone, 
but also by interactions with the microenvironment. The asso-
ciation between niche cells and malignant cells significantly 
affects the pathophysiological behavior and development of the 
disease. Leukemic cell localization in the bone marrow and the 
cross‑talk with the bone niche trigger marked changes in the 
bone marrow microenvironment, which are critical for tumor 
progression, resistance to treatment and recurrence (2‑5).

Osteopontin (OPN) is a candidate prognostic factor for the 
progression of various hematological malignancies. OPN was 
initially considered to be a transformation‑associated protein in 
the epithelial cells (6) and has since been extensively investigated. 
OPN is a secreted glycophosphoprotein that may physiologically 
act as a cytokine as well as an extracellular matrix molecule. A 
number of studies recently demonstrated that overexpression of 
OPN is significantly associated with tumorigenesis and metas-
tasis in several malignant tumors, such as breast, pulmonary, 
prostatic, thyroid, ovarian, bladder and gastrointestinal carci-
nomas (7‑9). Furthermore, aberrant OPN expression has been 
correlated with poor prognosis of leukemia (10‑12).

Although a number of studies have considered OPN as 
a marker in patient specimens, published data have not yet 
been fully analyzed. Moreover, conflicting results have been 
reported regarding the value of OPN as predictive factor for 
overall survival (OS) in hematological malignancies. Thus, 
a meta‑analysis is required in order to systematically and 
comprehensively elucidate the prognostic value of OPN in 
hematological malignancies.

Data collection methods

The aim of the present study was to objectively evaluate the 
prognostic role of elevated OPN levels for OS in patients with 
AML using pooled results from the available data.
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Criteria for study inclusion. This systematic review was 
performed according to the Preferred Reporting Items for 
Systematic Reviews and Meta‑Analyses (PRISMA) and the 
Cochrane Handbook for Systematic Reviews of Interventions 
(http://handbook.cochrane.org/).

Identification of studies. A search was conducted through 
PubMed, China National Knowledge Infrastructure, Web 
of Science, Embase and the Cochrane Central Register of 
Controlled Trials from inception until December 25th, 2015, 
and the articles referenced in the identified studies were also 
manually searched for additional studies that met the inclu-
sion criteria. No restriction on publication status was applied. 
The search terms included osteopontin (1‑168) human or SPP1 
protein human (13).

Data collection and analysis. Two reviewers (Drs Sidan Li 
and Yongbing Chen) independently screened the initially 
identified studies. The full‑text articles of potentially eligible 
studies were independently assessed against the eligibility 
criteria. Differences were then compared and referred to the 
consultants (Drs Zhongli Du and Simei Ren) for resolution. 
When more than one article was derived from the same study, 
only the most eligible records were included, considering data 
integrity and availability.

Selection of studies. The inclusion criteria were as follows: 
i) Measurement of OPN expression in patients with leukemia, 
lymphoma or myeloma by reverse transcription quantita-
tive polymerase chain reaction (RT‑qPCR), enzyme‑linked 
immunosorbent assay (ELISA), microarray analysis or 
immunohistochemistry (IHC); ii) investigation of the possible 
correlation between changes in OPN expression and clinical 
prognosis; and iii) information on survival.

Data extraction and management. Two researchers (Dr Sidan 
Li and Dr Yongbing Chen) independently extracted data and 
selected the included studies. If there was discrepancy in data 
selection, the two researchers would review and discuss the 
study together, or resort to the consultants (Dr Zhongli Du 
and Dr Simei Ren) until a consensus was reached. When there 
more than one article was derived from the same study, only 
the most eligible records were included, considering data 
integrity and availability. The main reasons for exclusion of 
trials are described in Fig. 1.

Definitions. In the meta‑analysis, OS was defined as the time 
from the diagnosis of hematological malignancies or initiation 
of different medical treatments to death or the date of the last 
follow‑up.

Quality assessment. Quality assessment of available data 
included in this meta‑analysis on the significance of OPN in 
hematological malignancies was performed independently by 
the two researchers in accordance with the Newcastle‑Ottawa 
Scale (NOS) for cohort studies and case control studies, with 
mild modifications (13). This scale assesses patient population 
and selection, study comparability, follow‑up and outcome 
of interest with scores ranging from 0 (lowest quality) to 9 
(highest quality). The high‑quality studies had scores of ≥6.

Statistical analysis. Survival outcome data were synthesized 
with the hazard ratio (HR) and its 95% confidence interval (CI) 
to analyze the effect of OPN expression on the survival of hema-
tological malignancies. Studies providing HRs and 95% CIs 
were pooled directly. Otherwise, the HR and its 95% CI were 
calculated from available data or a Kaplan‑Meier survival curve 
using Engauge Digitizer software, version 4.1 (http://source-
forge.net). The heterogeneity among the data was assessed by a 
Chi‑squared‑based Q statistic test, and the I2 value was used to 
quantify the heterogeneity (I2=0‑50%, no or moderate hetero-
geneity; I2>50%, significant heterogeneity). If homogeneity was 
not significant (Q test P>0.10), the fixed‑effects model was used; 
otherwise, the random‑effects model was applied. Publication 
bias was assessed using the Begg's and Egger's tests. To adjust 
for multiple comparisons, the stepdown Bonferroni method was 
applied, which controls for family‑wise error rate. Additionally, 
a sensitivity analysis was conducted to determine the stability 
of the pooled results. The statistical analyses were conducted 
using Stata 12.0 software (Stata Corp LP, College Station, TX, 
USA). All P‑values were two‑sided, and P<0.05 was considered 
to indicate statistically significant differences.

Results

Selection and characteristics of studies. A total of 170 studies 
on the association of OPN with hematological tumors were 
identified during the initial literature search; 150 studies were 
excluded after screening the titles or abstracts, as they were 
either review articles, abstracts, experimental researches, 
duplicate reports or studies irrelevant to the present analysis. 
A total of 20 studies were selected for detailed evaluation, 16 
of which were excluded following full assessment (1 study 
was excluded due to a suspected population overlap and 15 
studies lacked necessary data). Following careful evaluation 
based on the inclusion criteria, 4 eligible studies including 
a total of 492 patients were finally selected for the meta‑ 
analysis  (11,12,14); the study performed by Liersch et  al 
consisted of three independent researches. Two of the studies 
were performed in Germany (12), one in Chinese Taiwan (14) 
and one in Australia (11). The specimen size in each study 
varied from 52 to 261 patients and the median age of the patients 
ranged from 45 to 58 years. The percentage of the female 
population ranged from 37 to 45%. One study used ELISA to 
measure OPN expression, whereas the others used RT‑qPCR, 
microarray analysis and IHC. OS was reported in each study. 
The grade of study quality as assessed by NOS ranked from 
5 to 7 (Table I). The OPN cut‑off value was determined using 

Table I. Assessment of methodological quality according to 
Newcastle‑Ottawa Scale quality assessment.

Author	 Selection	 Comparability	 Outcome	 (Refs.)

Liersch et al	 ****	 **	 ***	 (12)
Liersch et al	 ****	 **	 **	 (12)
Liersch et al	 ****	 **	 **	 (12)
Powell et al	 ****	 **	 *	 (11)
Lee et al	 ****	 **	 *	 (14)
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different methods in each study. The basic characteristics of 
the selected studies are summarized in Table II.

OPN expression and OS in AML. All the studies reported 
data on OPN expression and OS, as shown Table III. OPN 
expression was found to be inversely correlated with OS in all 
studies, and the difference was statistically significant, with 
a pooled HR estimate of 1.83 (95% CI: 1.43‑2.35, P<0.001, 
fixed‑effects model). There was no significant heterogeneity 
(I2=0%, P=0.687; Fig. 2).

Publication bias. Publication bias assessment was used to 
evaluate the reliability of the meta‑analysis results, particu-
larly those that were found to be statistically significant (15). 
Publication bias was assessed using the Egger's test (16), with 
statistical significance set at P<0.05. There was no significant 
publication bias in the OS studies (P=0.687).

Discussion

The clinical outcome in patients with AML depends on various 
prognostic factors, including patient age and status, as well as 
the cytogenetic and molecular characteristics of the leukemic 
clone. Although there have been advances in the diagnosis and 
treatment, the overall prognosis of AMLs is dismal, due to the 
poor response to adjunctive treatments and high incidence of 
tumor recurrence in advanced stages (17). Thus, it is crucial 
to identify effective biomarkers of survival to help clinical 
decision‑making for AML treatment and improve outcomes. 
OPN is considered to be one of the candidate markers of stage 
and prognosis for a number of malignant tumors and has been 
extensively investigated in that context; however, the avail-
able data have not been comprehensively analyzed to date. 
As meta‑analysis is considered to be a valuable method for 
biomarker validation, the present meta‑analysis was performed 
to investigate the correlation of OPN with AML prognosis.

In the present study, the correlation between OPN overex-
pression and OS in AML was initially assessed. The pooled 
results demonstrated that high OPN expression was signifi-
cantly associated with a poor OS for AML (P<0.001); Although 
the analysis outcomes were considered significant, the cause 
of the differences in OS among AML patients with different 
OPN expression remain obscure. Several data demonstrated 
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Table III. Characteristics of eligible studies in the meta‑ 
analysis on the prognostic value of osteopontin for overall 
survival in hematological malignancies.

	 Hazard	 95% confidence	
Study	 ratio	 interval	 (Refs.)

Liersch et ala	 2.35	 1.09‑5.09	 (12)
Liersch et ala 	 1.708	 1.141‑2.557	 (12)
Powell et al 	 2.09	 1.16‑4.22	 (11)
Lee et al 	 2.99	 1.06‑8.44	 (14)

aLiersch et al performed three independent studies but only two were 
selected for inclusion.
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Figure 1. Flow diagram summarizing the identification process of relevant studies. CNKI, China National Knowledge Infrastructure.

Figure 2. Forest plot of the association between OPN elevation and OS of patients with hematological malignancies. OPN expression was found to be inversely 
correlated with OS in all studies, and the difference was statistically significant, with a pooled HR estimate of 1.83. There was no significant heterogeneity. 
OPN, osteopontin; OS, overall survival; HR, hazard ratio.
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that OPN expression was inversely correlated with prognosis 
in AML patients (11,12,14). Whereas the majority of the publi-
cations had focused on solid tumors (18‑21), there have been 
recent studies on the role of OPN in hematological malignan-
cies (10,12). Increased serum OPN concentrations have been 
reported in chronic myeloid leukemia, multiple myeloma and 
AML (22). Lee et al suggested that higher bone marrow levels 
of OPN were significantly associated with shorter survival 
in a 1‑year survival analysis of a small cohort of AML 
patients (14). Powell et al performed expression screening to 
identify targets in AML (11). These analyses identified OPN 
as a functionally relevant target. Liersch et al performed three 
independent cohort studies and identified OPN expression 
at the mRNA and protein level as a prognostic marker in 
AML (12). Furthermore, high OPN expression was found to 
be independently correlated with vascular invasion (14,23,24) 
and plays an important role in metastasis and stage of hema-
tological malignances (23,25‑27), possibly through activation 
of the mitogen‑activated protein kinase and NF‑κB pathways, 
as well as matrix metalloproteinase‑2 (28). In summary, the 
pooled results of the present meta‑analysis supported the 
hypothesis that OPN overexpression may promote AML 
progression through direct or indirect mechanisms, leading to 
a poor outcome of AML.

Although the prognostic role of OPN in AML was 
comprehensively evaluated, there were certain limitations that 
should be discussed. First, language and risk bias may be a 
factor in this meta‑analysis, as positive results were more often 
published compared with negative results; furthermore, only 
reports written in English or Chinese were selected, which may 
affect the validity of the results to a certain degree. Second, 
despite the lack of significant heterogeneity or publication 
bias, only data from small databases were collected and the 
number and sample of included studies were relatively insuf-
ficient, which may also affect the reliability of the analysis 
results. Third, geographical bias was a concern. Fourth, as 
our meta‑analysis was performed on the collected data, strong 
recommendations at an individual patient level could not be 
obtained. Due to these limitations, the results of the present 
meta‑analysis should be interpreted carefully and conclusions 
should be drawn with caution.

In summary, OPN overexpression was found to be associ-
ated with poor prognosis of AML patients. Therefore, OPN, 
alone or combined with other markers, may provide important 
predictive information on AML invasion, metastasis and prog-
nosis and it may also serve as a valuable molecular target for 
the clinical treatment of AML.
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