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Abstract: Purpose: The prognostic value of serum Lactate dehydrogenase (sLDH) in Ewing sarcoma (ES) has been 
studied worldwide during these years and provided un-uniformed conclusions. Methods: Comprehensive literature 
was selected from PUBMED, EMBASE and WEB OF KNOWLEDGE. Clinical studies which reported analysis of sur-
vival data about sLDH in ES were included. Stata 12.0 was used for performing a meta-analysis on evaluating the 
relation between LDH and clinical staging, overall survival (OS) and disease free survival (DFS). Results: A total of 
13 articles, including 2395 patients who satisfied inclusion criteria were analyzed. The result showed that high 
concentration of sLDH was related to a bad OS (HR = 1.93, 95% CI 1.68-2.22) and a extremely worse DFS (HR = 
5.96, 95% CI 3.37-10.54). The subgroup analysis on different location of ES suggested the prognosis of extremity 
group (HR = 1.91, 95% CI 1.67-2.34) was better than axial skeleton group (HR = 2.03, 95% CI 1.67-2.48). Another 
subgroup analysis suggested that it was even worse prognosis (HR = 2.11, 95% CI 1.74-2.55) when distant metas-
tasis percents > 30% than distant metastasis percents < 30% (HR = 1.96, 95% CI 1.69-2.28). Conclusions: Our 
findings suggest that sLDH can be regarded as a poor prognostic maker for ES and may represent a important new 
therapeutic target.
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Introduction

Ewing’s sarcoma or Ewing sarcoma (ES) is a 
malignant tumor which occurs most frequently 
in teenagers and young adults [1]. The progno-
sis of ES is reported to be poor with metasta-
ses and/or recurrences in about 30% to 50% 
cases [2]. Patients with recurrence have a 
5-year survival of 13% [3]. Lactate dehydroge-
nase (LDH) is an important enzyme for the 
interconversion of lactate and pyruvate, also 
involved in the oxidation of long-chain fatty acid 
and can provide NAD+ for continued glycolysis 
in active muscle [4]. With these features, serum 
LDH (sLDH) level is now widely used in clinical, 
even as a blood chemistry indicator. In recent 
years, sLDH has attracted broad interests and 
discussions because of an enlarging view on 
what LDH does on the prognosis value of many 
tumors. A great deal of studies have reported 
serum LDH level could predict the prognosis of 
several tumors, including lung cancer, rectal 

cancer, pancreatic cancer, prostate cancer and 
even osteosarcoma [5-7].

A great number of studies have investigated the 
role of LDH level in patients with ES but have 
yielded inconsistent and inconclusive results. 
Patrick J. reported that ES children with normal 
LDH (≤ 250 IU/L) are more likely to survive from 
metastases and/or recurrences [8]. Gaetano 
Bacci found that ES patients with normal LDH 
level at presentation have a better 10 years 
overall survival (OS) than those with elevated 
LDH level [9]. In contrast, other researchers 
reported that the initial LDH level was found to 
have no prognostic value [10, 11]. Therefore, it 
is still unclear and controversial whether serum 
LDH level at presentation could reflect the prog-
nosis of ES.

In this study, we attempted to conduct a meta-
analysis to estimate the relationship between 
serum LDH level at presentation and OS and 
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disease free survival (DFS) among patients 
with ES. And we sought to find out whether 
serum LDH level could provide helpful guidance 
in the treatment and prognosis of ES.

Materials and methods

Search strategy

Literature selected from PubMed (MEDLINE), 
EMBASE and WEB OF KNOWLEDGE was con-
ducted by combining search terms “lactate 
dehydrogenase”, “ldh”, “lactic dehydrogenase”, “de- 
hydrogenase”, “lactate dehydrogenase”, “lactic 
acid dehydrogenase” with “ewing sarcoma”, 
“ewing’ sarcoma”, “ewing’s sarcoma”, “ewing”, 
“ewing’s”, “askintumour”, “Peripheral neuroec-
todermaltumour (PNET)”, “Primitive peripheral 
neuroectodermal (PPNET)”. The deadline was 
June 21st, 2015. To prevent the omission of 
any research via electronic search strategy, ref-
erence lists from identified primary studies and 
review articles were also searched [12].

Study inclusion or exclusion criteria

Inclusion criteria for the study were as follows: 
(1) confirmed diagnosis of ES in humans; (2) lit-
erature was published in English; (3) clinical tri-
als investigating the association between LDH 
and the prognosis of ES patients, not basic 
research and animal experiments; (4) reviews, 
articles published in a book and only summa-
ries of the literature were excluded; (5) clinical 
research association of LDH with overall sur-
vival, and/or disease free survival (DFS); (6) no 
duplicate data. The names of all authors and 
medical centers involved for each article was 
examined by us to avoided duplication of data. 
Authors that published multiple reports on the 
same sample were included once; (7) having 
survival data about LDH; (8) literature must  
provide prognostic hazard ratio (HR) or suffi-
cient information that can calculate HR value. 
Incomplete information was also excluded. The 
quality sores were assessed by Newcastle-
Ottawa Scale ,low quality studies were removed 
[13].

Data extraction

Two authors of us (HW and JQC) used a stan-
dard information collection form to extract the 
following items: (1) article information including 
first author’s name, publication date and coun-

try of origin; (2) demographic data including 
number, gender structure, mean age, follow-up 
period, and percentage of serum LDH level pos-
itive; (3) ES information including tumor loca-
tion, percentage of distant metastasis; (4) sur-
vival data including OS and DFS; (5) technology 
of LDH measurement, cut-off value used for 
assessing LDH positivity; Any differences bet- 
ween the two authors in the data extraction 
were resolved together by our review team.

Quality assessment

The risk of bias in our included studies was 
assessed by two independent reviewers of us 
(WH and JQC) by the Newcastle-Ottawa Scale 
(NOS). According to the Cochrane Collabora- 
tion, the quality of the nonrandomized studies 
like our including studies were assessed by 
using NOS with some modifications to match 
the needs. The quality of including studies  
was evaluated by using the following three 
items: selection, comparability and assess-
ment of outcome and the quality of each study 
in our meta-analysis was graded as two levels: 
level one (0 to 4 points) and level two (5 to 9 
points). Any discrepancy about the judgment  
in the quality assessment was resolved by 
discussion.

Data synthesis

We calculated the value of hazard ratios (HR) 
with its corresponding 95% confidence interval 
(95% CI) to evaluate the relationship between 
serum LDH level and OS/DFS. For those HRs 
were not reported in published data, we calcu-
lated the HR with the available data via the 
methods described by Freels S [14]. If the  
only available data in the included articles  
were survival curves, we analysis them via 
Engauge Digitizer version 4.1 and extracted 
survival rate from them to calculate the HR, 
95% CI and its standard error (SE) [12, 15].  
All the data were analyzed by Stata version 
12.0 (Stata Corporation, College Station, TX, 
USA). We assessed H-tests and P-values to 
estimate the effect of between-study hetero- 
geneity in our meta-analysis. When there was  
a significant heterogeneity existed across  
the included studies we carefully selected (I 
squared > 50% or P < 0.10), the random effects 
model (the DerSimonian-Laird method) was 
used for our meta-analysis [16]. Otherwise, the 
fixed effects model was used to calculate the 
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HR and its 95% CI according to the method of 
Mantel and Haenszel [17].

Results

Literature search and study design character-
istics

By searching in PubMed, EMBASE and WEB OF 
KNOWLEDGE databases, a total of 414 primary 
studies were yielded and we evaluated 51 pos-
sible candidate literatures in full text. By further 
articles review, twenty-seven articles were 
excluded because of no prognostic analysis or 

The location of the most tumor cells include-
dextraosseous, central, extremity, pelvis, fe- 
mur, extremities, axial skeleton, distal, trunk. 
One study did not report the location of the 
most tumor cells. The distant metastasis rate 
of cancer was reported in 11 studies ranging 
from 12.26% to 66.67%.

A total of eleven articles with 2162 patients 
provided the prognostic data on OS [8, 11, 
19-25, 27, 28]. Two articles with 87 patients 
provided prognostic data on EFS [19, 20] and 3 
articles with 342 patients on DFS [26, 28, 29]. 

Figure 1. Methodological flow chart of the literature search and selection of 
included studies.

no HR. Three articles were 
excluded because they were 
not published in English. Five 
articles whose author were 
Gaetano, had duplicate data 
because of the same rese- 
arch institute, the crossing 
follow-up time and the analo-
gous methods, we chose the 
most valuable one to add in 
our meta-analysis by selec-
tion method told by White- 
head A [18]. At last we exclud-
ed 4 articles because of low-
quality studies (less than 4 
points) by using the New- 
castle-Ottawa Scale (NOS) 
(Figure 1). Finally, A total of 
13 articles [8, 11, 19-29] 
including 2395 patients who 
satisfied the inclusion criteria 
were analyzed. The results 
are shown on Table 1. The 
publication date ranged from 
1975 to 2014. Five reports 
originated from America, 
three from Italy, and the oth-
ers originated from India, 
Turkey, Croatia, Brazil, Spain.

The percentage of number  
of male ranged from 51.34% 
to 70.69%. The range of the 
eligible studies’ mean age 
was 10.0 to 23.0. The mean 
observed years of eligible stu- 
dies ranged from 2.1 years to 
10.7 years, but 8 studies did 
not report the mean observed 
years. The positive rate of se- 
rium LDH ranges from 5.88% 
to 62.65% in all studies.



A meta-analysis of sLDH as a prognostic biomarker in ES

1899 Int J Clin Exp Med 2016;9(2):1896-1907

Table 1. Main characteristics of the including studies relating sLDH to patients’ prognosis
First author 
(years) Country Study

design N (Male %) Mean 
age

Observed years
(mean)

Distant me-
tastasis (%)

Serum LDH 
high (%)

Tumor location 
(most) Analysis Cut-off value NOS

Biswas (2014) India Retro. 60 (70.00) 15.1 2003-2011 (2.1 yr) 66.67 41.86 Extraosseous OS, EFS > 458 U/L 6
Tural (2012) Turkey Retro. 27 (66.67) 23.0 1997-2010 (2.7 yr) 14.81 44.44 Central OS, EFS > 240 U/L 7
Patrick (2009) America Retro. 262 (60.69) 14.2 1988-1994 (NR) 45.80 62.65 Extremity OS > 250 U/L 6
Gaetano (2007) Italy Retro. 888 (62.73) 17.8 1983-2006 (NR) 12.26 37.47 Pelvis, femur OS > 460 U/L 8
Ilic (2004) Croatia Retro. 34 (58.82) 11.0 1988-1999 (3.96 yr) 38.24 5.88 Extremities OS > 500 U/L 7
Da Costa (2003) Brazil NR 105 (51.43) 10.0 1984-1996 (NR) 32.38 23.61 Pelvis and femur OS > 370 U/L 5
Ferrari (2000) Italy Retro. 482 (63.28) NR 1972-1997 (NR) 28.22 32.57 Extremity OS > 460 U/L 7
Roberto (1999) Italy Retro. 73 (65.75) 12.5 1974-1998 (NR) 20.00 54.69 Pelvis OS > 460 U/L 7
Aparicio (1998) Spain Retro. 116 (70.69) 14.0 1970-1993 (10.7 yr) 17.24 32.22 Axial skeleton DFS > 300 U/L 8
Kinsella (1991) America Retro. 109 (58.72) 15.9 1968-1990 (NR) 25.23 23.86 Central OS, DFS > 350 U/L 7
Farley (1987) America Retro. 56 (NR) NR 1973-1986 (4 yr) NR 28.89 NR OS > 230 U/L 7
Glaubiger (1980) America Retro. 117 (NR) 12.0 1964-1980 (NR) 32.48 40.79 Distal DFS > 200 U/L 7
Pomeroy (1975) America Retro. 66 (63.64) NR NR NR 56.52 Trunk OS > 170 U/L 6
Abbreviations: NR: not reported; TN: total number; Retro: retrospective study; OS: overall survival; DFS: disease free survival; EFS: event free survival; NOS: Newcastle-Ottawa Scale.
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All the LDH value was measured in blood serum 
of patients. The cut-off value used for assess-
ing LDH positivity was ranged from 170 U/L  
to 500 U/L. As known by us and according to 
the Cochrane Collaboration, NOS was used to 
assess the quality of the included studies in  
our meta-analysis. The score was ranged from 
5 to 8 and with a mean point of 6.77.

Meta-analysis

In our meta-analysis of the effect of LDH ex- 
pression on overall survival, there was no sig-
nificant heterogeneity among those 11 studies 
[8, 11, 19-25, 27, 28] (I squared = 0%), so the 
fixed effect model was used to calculate the 
HRs and 95% CIs. The pooled data suggested 
that compared with cancer patients with low or 
negative LDH expression, high concentration of 
LDH was associated with a bad prognosis on 
OS (HR = 1.93, 95% CI 1.68-2.22) (Figure 2). 
For DFS in overall population, the fixed effect 
model was also used among those five studies 
because of the lack of heterogeneity (I squared 
= 7.2%) and an extremely worse prognosis (HR 
= 5.96, 95% CI 3.37-10.54) was observed 
among patients considered LDH positive.

The first subgroup analysis was assessed by us 
according to the location of the ES (Figure 3A). 
Theoretically, ES can occur and progress in sys-
temic bones or soft tissues [30, 31]. It is com-
mon in axial skeleton and limb bones, especi- 
ally the femur [32]. In this meta-analysis, six 
studies reported that compared to low or nega-
tive LDH expression, high concentration of LDH 
was significantly related to poor OS in patients 
with ES in axial skeleton (HR = 2.03, 95% CI 
1.67-2.48) [20, 21, 23, 25, 27, 28]. And in the 
remaining four studies [8, 19, 22, 24], LDH den-
sity was positively correlated with extended 
survival in patients with ES in extremity (HR = 
1.91, 95% CI 1.67-2.34).

With respect to follow-up time, the effect of 
LDH concentration in patients with ES was fur-
ther analyzed and described. There were also 
four studies whose follow-up years were less 
than ten years [8, 19, 23, 27] and indicated a 
bad prognosis (HR = 1.95, 95% CI 1.23-3.08) 
(Figure 3B). When follow-up years were more 
than ten years in nine articles [11, 20-22, 
24-26, 28, 29], an statistically significant HR of 
2.24 (95% CI 1.71-2.93) was shown in Figure 

Figure 2. Forrest plots in Studies of sLDH in Patients with ES by HR estimation. survival data are reported as (A) 
Overall survival (OS), (B) disease free survival (DFS).
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3B. As we all know, the efficacy of therapy 
appears to be closely dependent on the stage 
of the disease. However, TNM staging is con-
nected with the prognosis of tumors closely 

[33, 34] and distant metastasis is particularly 
important index for the TNM staging in patients 
with ES. to analyze sLDH’s prognostic value on 
different percents of distant metastasis, Figure 

Figure 3. Forrest plots in Studies of sLDH Expression in Patients with ES by HR estimation for OS in Subgroups. 
Survival data are reported as (A) Location, (B) Follow-up time, (C) Distant metastasis, (D) Countries, (E) Mean age 
and (F) Retrospective study.
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3C showed an HR of 1.96 (95% CI 1.69-2.28) 
by distant metastasis percents < 30% in five 
studies [20, 21, 24, 25, 28], and it was even 
worse (HR = 2.11, 95% CI 1.74-2.55) when dis-
tant metastasis percents > 30%. There was 
also significant difference in the summary esti-
mate of sLDH on overall survival when cut-off 
value was in line with the concentration of sLDH 
(HR = 1.93, 95% CI 1.68-2.22), especially when 
the cut-off value was during 300-400 U/L (HR = 
2.66, 95% CI 1.55-4.56) and more than 500 
U/L (HR = 2.40, 95% CI 1.10-5.22).

At last, subgroup analysis was performed 
according to countries (Figure 3D). European 
countries, with 5 studies evaluable [20-22, 24, 
25], showed a significant HR of 1.94 (95% CI 

= 0.713) and DFS (P = 0.376) (Figure 4). For 
those sub-groups in our meta analysis, there 
were also no significant evaluation of publica-
tion bias shown from Egger’s or Begg’s funnel 
test.

Discussion

At present, plenty of original articles and re- 
views around world have discussed the prog-
nostic value of LDH in patients with ES and put 
forward the importance of LDH on its survival 
[20, 35, 36], which made it indispensable to 
perform a quantitative aggregation of the sur-
vival results. According to the literatures we 
found by searching the EMBASE and PubMed 
(MEDLINE) on 12/4/2015, this is the first study 

Figure 4. Funnel Graph of Begg’s test (A) and Egger’s test (B) in Studies of 
sLDH Expression in Patients with ES by HR estimation for the Assessment 
of Potential Publication Bias in Figure 2A. No indication of publication was 
shown in Begg’s test (P = 0.186) and Egger’s test (P = 0.713) of OS.

1.67-2.25). North American 
countries showed an HR of 
1.56 (95% CI 0.75-3.21) in 4 
included studies [8, 11, 27, 
28]. Only one study reported 
that the sLDH density was neg-
atively correlated with extend-
ed survival in patients with ES 
in Asian country (HR = 3.43, 
95% CI 0.96-12.26) [19] and 
Latin America (HR = 2.20, 95% 
CI 1.05-4.60) [23]. In our meta 
analysis, age was not a clear 
prognosis index for patients 
with ES on OS. Figure 3E 
showed an HR of 2.05 (95% CI 
1.64-2.55) by mean age less 
than 15, and an HR of 2.03 
(95% CI 1.42-2.88) when mean 
age more than 15.

Evaluation of publication bias

Visual assessment of Egger’s 
test and Begg’s funnel plots 
was used by us to evaluate the 
possibility of publication bias 
[12] on the outcomes in all 
studies evaluating OS and DFS 
separately, and assessment 
was also performed in sub-
group analysis. Begg’s funnel 
plot did not find any evidence 
of asymmetry in overall meta 
analysis of OS (P = 0.186) and 
DFS (P = 0.624). In addition, no 
indication of publication was 
shown in Egger’s test of OS (P 
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performed by meta-analysis to clarify the prog-
nostic value of LDH for OS, staging and DFS 
about ES. Our meta-analysis showed that com-
pared with low or negative level of sLDH, the 
high LDH in patients with ES is a worse prog-
nostic indicator with statistical significance for 
OS (HR = 1.93, 95% CI 1.68-2.22), which sug-
gests a 1.93-fold higher OS for ES patients  
with overexpression detection of sLDH. This 
final result about OS by Stata is consistent  
with 10 of 11 included studies with a HR above 
1. Furthermore, an extremely worse prognosis 
effect (HR = 5.96, 95% CI 3.37-10.54) of DFS 
was observed among ES patients considered 
LDH positive. Using Egger’s, Begg’s tests and 
the funnel plot, we regard an absent publica-
tion bias in our analysis also. Therefore, the 
findings from our meta-analysis of OS and DFS 
suggest that sLDH can be an effective biomark-
er of prognosis in patients with ES.

As we all know, compared to normal tissues, 
one of the principal important characteristics 
of malignant cells is higher glycolytic metabo-
lism switch from oxidative phosphorylation, 
even under hypoxic conditions, and is called 
the Warburg effect [37, 38]. However, LDH can 
catalyze conversion of pyruvate to lactate and 
is considered as a key checkpoint of anaero- 
bic glycolysis. The reliance and importance of 
tumor cells on LDH has been demonstrated in 
mouse models in many reports [39-41]. Fantin. 
in 2006 showed that tumor cells rely on the 
activity of LDH, whereas that non-malignant 
cells (normal cell) rely on OXPHOS, by demon-
strating that the growth of LDHA-deficient can-
cer cells was severely reduced in rat Neu4145 
mammary gland tumor cells even under hypox-
ic (0.5% oxygen) conditions [39]. On the other 
hand, LDH level is elevated in many types of 
cancers such as lung cancer, rectal cancer, 
pancreatic cancer and has been always link- 
ed to tumor growth, maintenance, invasion and 
metastasis. Anyway, LDH knockdown could in- 
hibit tumorigenesis in vivo [42] and cell grow- 
th and migration in vitro [43]. It was suggested 
that silencing LDH expression activates apop-
totic pathways and inhibits cell growth, which 
was showed by downregulating cyclin D1 and 
activation of AKT and increasing cleavage of 
poly-ADP-Ribose-Polymerase (PARP) and cas-
pase 8 [43, 44]. One previous study on human 
hepatocellular carcinoma by Miao agree with 
this proposition by showing LDH knockdown in 
human hepatocellular carcinoma cells could 
induce apoptosis. In conclusion, these obser-

vations confirm that LDH is central to tumor 
happen, proliferation and malignant growth, 
and that high LDH level is a strong prognostic 
indicator of tumors [45].

Therefore, the inhibition of LDH may restrict  
the energy supply in tumors and thereby can 
reduce the metastatic and invasive potential  
of malignant cells. LDH enzyme is and will be 
receiving a great deal of attention as a predic-
tive prognosis biomarker for many types of  
cancer especially for ES and as a therapeutic 
target for new anticancer treatments. We can 
detect the value of sLDH of ES to refine the neo-
adjuvant chemotherapy measures. For those 
high sLDH patients with ES, who are deter-
mined as bad prognosis, can adjust the chemo-
therapy and surgery program pertinently and 
expect to have a better recurrence rate and 
improvement of long-term living standards. Our 
results may provide further basis for the devel-
opment of new tumor indicating marker and 
suggest that inhibition of lactate dehydroge-
nase activity can be as an approach to cancer 
therapy. Furthermore, these results can also 
improve the treatment strategy in patients with 
ES and have a better recurrence rate and 
improvement of long-term living standards.

The first subgroup analysis was conducted by 
us according to the location of the primary ES 
(Figure 3A). As we all know, it existed differenc-
es of pronosis in different part of tumors. In  
our meta-analysis, we divided the tumor site 
into two sites: six studies reported that high 
concentration of LDH was significantly related 
to poor OS in patients with ES in axial skele- 
ton (HR = 2.03, 95% CI 1.67-2.48). And in the 
remaining studies, LDH density is also positive-
ly correlated with extended survival in extre- 
mity (HR = 1.91, 95% CI 1.67-2.34). Our results 
showed the prognosis of extremity group was 
better than axial skeleton group, which were 
also confirmed by Jie Z in 2010. In univariate 
analysis of his study showed that the 5-year 
overall survival rates of extremity and axial 
skeleton group was 38.8% and 18.5%, which 
meaned a worse prognosis of axis group. And 
the multivariate analysis showed that the loca-
tion was an independent risk factor of prog- 
nosis.

It is known by all of us that the efficacy of ther-
apy and the OS appears to be closely depen-
dent on the stage of the disease. While TNM 
staging is connected with the prognosis of 
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tumors closely and the rate of distant metasta-
sis is particularly important index for the TNM 
staging in patients with ES. Our analysis sug-
gest that it is even worse prognosis (HR = 2.11, 
95% CI 1.74-2.55) when distant metastasis 
percents > 30% than distant metastasis per-
cents < 30% (HR = 1.96, 95% CI 1.69-2.28), 
which is agreed by lots of authors. Therefore, In 
order to obtain a better therapeutic effect and 
longer survival time, the earlier and the quicker 
we resect the tumor, the better.

The results of meta-analysis are confirmed as 
gold standards by authors globally [46-48], 
however, several limitations exist and need to 
be discussed in our meta-analysis and that 
may put forward a potential source of variability 
of meta-analysis. First of all, the main limitation 
in our meta-analysis was the item of primary 
outcome: different specimen from tissue or 
plasma, different survival rate, different analy-
sis methods and especially no standard of cut-
off value brings variability for LDH positive  
and negative. These differences may cause the 
obvious between-study heterogeneity among 
those studies in our meta-analysis of the effect 
of LDH expression. Thus, to provide further evi-
dence for the prognostic role of LDH expression 
in patients with ES, more studies that are well 
designed by authors and having the same 
items of primary outcome are needed. Second, 
we included the literatures only published in 
English from three databases, which probably 
lead to a lack of valuable data published in 
other language like Japanese Chinese etc. 
Therefore, the prognostic significance of LDH 
could be overestimated by us because of  
a phenomenon called “file drawer problem”, 
which was described by Earleywine that studi- 
es with positive results would be easier to be 
accepted and published by English magazines 
while most negative results are often published 
in native languages or even not received by the 
journal [49-52].

Conclusions

In conclusion, the results of our meta-analysis 
revealed that high level sLDH would correlate 
with poor OS and DFS in ES, can be regarded as 
a detrimental factor for ES and may represent 
as an important new therapeutic targets. In 
future, to achieve a more definitive conclusion 
enabling the clinical use of LDH in ES, more 
high-quality interventional original studies were 
needed following agreed research approach or 
standard.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Zhou Xiang, Depart- 
ment of Orthopaedic Surgery, West China School of 
Medicine/West China Hospital, Sichuan University, 
Chengdu 610041, Sichuan, China. Tel: +(86) 189- 
80601393; Fax: +(86) 28 85542774; E-mail: xiang-
zhou15@hotmail.com

References

[1] Burt M, Karpeh M, Ukoha O, Bains MS, Martini 
N, McCormack PM, Rusch VW and Ginsberg 
RJ. Medical tumors of the chest wall. Solitary 
plasmacytoma and Ewing’s sarcoma. J Thorac 
Cardiovasc Surg 1993; 105: 89-96.

[2] Bacci G, Ferrari S, Bertoni F, Rimondini S, 
Longhi A, Bacchini P, Forni C, Manfrini M, 
Donati D and Picci P. Prognostic factors in non-
metastatic Ewing’s sarcoma of bone treated 
with adjuvant chemotherapy: analysis of 359 
patients at the Istituto Ortopedico Rizzoli. J Clin 
Oncol 2000; 18: 4-11.

[3] Bacci G, Ferrari S, Longhi A, Donati D, De 
Paolis M, Forni C, Versari M, Setola E, Briccoli  
A and Barbieri E. Therapy and survival after  
recurrence of Ewing’s tumors: the Rizzoli expe-
rience in 195 patients treated with adjuvant 
and neoadjuvant chemotherapy from 1979 to 
1997. Ann Oncol 2003; 14: 1654-1659.

[4] McClelland GB, Khanna S, Gonzalez GF, Butz 
CE and Brooks GA. Peroxisomal membrane 
monocarboxylate transporters: evidence for a 
redox shuttle system? Biochem Biophys Res 
Commun 2003; 304: 130-135.

[5] Walenta S and Mueller-Klieser WF. Lactate: 
mirror and motor of tumor malignancy. Semin 
Radiat Oncol 2004; 14: 267-274.

[6] Tas F, Aykan F, Alici S, Kaytan E, Aydiner A and 
Topuz E. Prognostic factors in pancreatic carci-
noma: serum LDH levels predict survival in 
metastatic disease. Am J Clin Oncol 2001; 24: 
547-550.

[7] Smaletz O, Scher HI, Small EJ, Verbel DA, 
McMillan A, Regan K, Kelly WK and Kattan 
MW. Nomogram for overall survival of patients 
with progressive metastatic prostate cancer 
after castration. J Clin Oncol 2002; 20: 3972-
3982.

[8] Leavey PJ, Mascarenhas L, Marina N, Chen Z, 
Krailo M, Miser J, Brown K, Tarbell N, Bernstein 
ML, Granowetter L, Gebhardt M and Grier HE. 
Prognostic factors for patients with Ewing sar-
coma (EWS) at first recurrence following multi-
modality therapy: A report from the Children’s 
Oncology Group. Pediatr Blood Cancer 2008; 
51: 334-338.

mailto:xiangzhou15@hotmail.com
mailto:xiangzhou15@hotmail.com


A meta-analysis of sLDH as a prognostic biomarker in ES

1906 Int J Clin Exp Med 2016;9(2):1896-1907

[9] Bacci G, Forni C, Longhi A, Ferrari S, Donati D, 
De Paolis M, Barbieri E, Pignotti E, Rosito P and 
Versari M. Long-term outcome for patients with 
non-metastatic Ewing’s sarcoma treated with 
adjuvant and neoadjuvant chemotherapies. 
402 patients treated at Rizzoli between 1972 
and 1992. Eur J Cancer 2004; 40: 73-83.

[10] Rosen G, Caparros B, Nirenberg A, Marcove 
RC, Huvos AG, Kosloff C, Lane J and Mur- 
phy ML. Ewing’s sarcoma: ten-year experience 
with adjuvant chemotherapy. Cancer 1981; 47: 
2204-2213.

[11] Farley FA, Healey JH, Caparros-Sison B, God- 
bold J, Lane JM and Glasser DB. Lactase dehy-
drogenase as a tumor marker for recurrent dis-
ease in Ewing’s sarcoma. Cancer 1987; 59: 
1245-1248.

[12] Wang H, Zhang Q, Kong H, Zeng Y, Hao M, Yu T, 
Peng J, Xu Z, Chen J and Shi H. Monocyte che-
motactic protein-1 expression as a prognosic 
biomarker in patients with solid tumor: a meta 
analysis. Int J Clin Exp Pathol 2014; 7: 3876-
3886.

[13] Altman DG. Systematic reviews of evaluations 
of prognostic variables. BMJ 2001; 323: 224-
228.

[14] Parmar MK, Torri V and Stewart L. Extracting 
summary statistics to perform meta-analyses 
of the published literature for survival end-
points. Stat Med 1998; 17: 2815-2834.

[15] Zhang QW, Liu L, Chen R, Wei YQ, Li P, Shi HS 
and Zhao YW. Matrix metalloproteinase-9 as  
a prognostic factor in gastric cancer: a meta-
analysis. Asian Pac J Cancer Prev 2012; 13: 
2903-2908.

[16] DerSimonian R and Laird N. Meta-analysis in 
clinical trials. Control Clin Trials 1986; 7: 177-
188.

[17] Mantel N and Haenszel W. Statistical aspects 
of the analysis of data from retrospective stud-
ies of disease. J Natl Cancer Inst 1959; 22: 
719-748.

[18] Whitehead A, Perdomo C, Pratt RD, Birks J, 
Wilcock GK and Evans JG. Donepezil for the 
symptomatic treatment of patients with mild to 
moderate Alzheimer’s disease: a meta-analy-
sis of individual patient data from randomised 
controlled trials. Int J Geriatr Psychiatry 2004; 
19: 624-633.

[19] Biswas B, Shukla NK, Deo SV, Agarwala S, 
Sharma DN, Vishnubhatla S and Bakhshi S. 
Evaluation of outcome and prognostic factors 
in extraosseous Ewing sarcoma. Pediatr Blood 
Cancer 2014; 61: 1925-1931.

[20] Tural D, Molinas Mandel N, Dervisoglu S, Oner 
Dincbas F, Koca S, Colpan Oksuz D, Kantarci  
F, Turna H, Selcukbiricik F and Hiz M. Extra- 
skeletal Ewing’s sarcoma family of tumors  
in adults: prognostic factors and clinical out-
come. Jpn J Clin Oncol 2012; 42: 420-426.

[21] Bacci G, Balladelli A, Forni C, Longhi A, Serra 
M, Fabbri N, Alberghini M, Ferrari S, Benassi 
MS and Picci P. Ewing’s sarcoma family tu-
mours. Differences in clinicopathological char-
acteristics at presentation between localised 
and metastatic tumours. J Bone Joint Surg Br 
2007; 89: 1229-1233.

[22] Ilic I, Manojlovic S, Cepulic M, Orlic D and 
Seiwerth S. Osteosarcoma and Ewing’s sarco-
ma in children and adolescents: retrospective 
clinicopathological study. Croat Med J 2004; 
45: 740-745.

[23] da Costa CM, Lopes A, de Camargo B. A  
simple cost-effective lactate dehydrogenase 
level measurement can stratify patients with 
Ewing’s tumor into low and high risk. Ann 
Oncol 2003; 14: 656.

[24] Ferrari S, Bertoni F, Mercuri M, Sottili S, Versari 
M and Bacci G. Ewing’s sarcoma of bone: rela-
tion between clinical characteristics and stag-
ing. Oncol Rep 2001; 8: 553-556.

[25] Luksch R, Sampietro G, Collini P, Boracchi P, 
Massimino M, Lombardi F, Gandola L, Giardini 
R, Fossati-Bellani F, Migliorini L, Pilotti S and 
Scopsi L. Prognostic value of clinicopathologic 
characteristics including neuroectodermal dif-
ferentiation in osseous Ewing’s sarcoma fami-
ly of tumors in children. Tumori 1999; 85: 101-
107.

[26] Glaubiger DL, Makuch R, Schwarz J, Levine AS 
and Johnson RE. Determination of prognostic 
factors and their influence on therapeutic re-
sults in patients with Ewing’s sarcoma. Cancer 
1980; 45: 2213-2219.

[27] Pomeroy TC and Johnson RE. Prognostic fac-
tors for survival in Ewing’s sarcoma. Am J 
Roentgenol Radium Ther Nucl Med 1975; 
123: 598-606.

[28] Kinsella TJ, Miser JS, Waller B, Venzon D, 
Glatstein E, Weaver-McClure L and Horowitz 
ME. Long-term follow-up of Ewing’s sarcoma of 
bone treated with combined modality therapy. 
Int J Radiat Oncol Biol Phys 1991; 20: 389-
395.

[29] Aparicio J, Munarriz B, Pastor M, Vera FJ, Castel 
V, Aparisi F, Montalar J, Badal MD, Gomez-
Codina J and Herranz C. Long-term follow-up 
and prognostic factors in Ewing’s sarcoma. A 
multivariate analysis of 116 patients from a 
single institution. Oncology 1998; 55: 20-26.

[30] Cremades A, Teriitehau C, Grand B and Saint-
Blancard P. [Late mediastinal metastasis of 
Ewing’s sarcoma of tibia]. Rev Pneumol Clin 
2008; 64: 133-136.

[31] Ozaki T. Diagnosis and treatment of Ewing sar-
coma of the bone: a review article. J Orthop Sci 
2015; 20: 250-263.

[32] Sciubba DM, Okuno SH, Dekutoski MB and 
Gokaslan ZL. Ewing and osteogenic sarcoma: 



A meta-analysis of sLDH as a prognostic biomarker in ES

1907 Int J Clin Exp Med 2016;9(2):1896-1907

evidence for multidisciplinary management. 
Spine (Phila Pa 1976) 2009; 34: S58-68.

[33] Tsui KH, Shvarts O, Smith RB, Figlin RA, de-
Kernion J and Belldegrun A. Prognostic indica-
tors for renal cell carcinoma: a multivariate 
analysis of 643 patients using the revised 
1997 TNM staging criteria. J Urol 2000; 163: 
1090-1095.

[34] Javidan J, Stricker HJ, Tamboli P, Amin MB, 
Peabody JO, Deshpande A, Menon M and Amin 
MB. Prognostic significance of the 1997 TNM 
classification of renal cell carcinoma. J Urol 
1999; 162: 1277-1281.

[35] Riley RD, Burchill SA, Abrams KR, Heney D, 
Sutton AJ, Jones DR, Lambert PC, Young B, 
Wailoo AJ and Lewis IJ. A systematic review of 
molecular and biological markers in tumours 
of the Ewing’s sarcoma family. Eur J Cancer 
2003; 39: 19-30.

[36] Arpaci E, Yetisyigit T, Seker M, Uncu D, Uye- 
turk U, Oksuzoglu B, Demirci U, Coskun U, 
Kucukoner M, Isikdogan A, Inanc M, Alkis N 
and Ozkan M. Prognostic factors and clinical 
outcome of patients with Ewing’s sarcoma 
family of tumors in adults: multicentric study  
of the Anatolian Society of Medical Oncology. 
Med Oncol 2013; 30: 469.

[37] Ferreira LM. Cancer metabolism: the Warburg 
effect today. Exp Mol Pathol 2010; 89: 372-
380.

[38] Bayley JP and Devilee P. The Warburg effect in 
2012. Current Opinion in Oncology 2012; 24: 
62-7.

[39] Fantin VR, St-Pierre J and Leder P. Attenuation 
of LDH-A expression uncovers a link between 
glycolysis, mitochondrial physiology, and tumor 
maintenance. Cancer Cell 2006; 9: 425-434.

[40] Jantas-Skotniczna D, Kajta M, Lasoń W. Me- 
mantine attenuates staurosporine-induced  
activation of caspase-3 and LDH release in 
mouse primary neuronal cultures. Brain Res 
2006; 1069: 145-153.

[41] Abedini F. Effects of CXCR4 siRNA/dextran-
spermine nanoparticles on CXCR4 expres- 
sion and serum LDH levels in a mouse model 
of colorectal cancer metastasis to the liver. 
Cancer Manag Res 2011; 3: 301-9.

[42] Xie H, Hanai J, Ren JG, Kats L, Burgess K, 
Bhargava P, Signoretti S, Billiard J, Duffy KJ, 
Grant A, Wang X, Lorkiewicz PK, Schatzman S, 
Bousamra M 2nd, Lane AN, Higashi RM, Fan 
TW, Pandolfi PP, Sukhatme VP, Seth P. Targeting 
lactate dehydrogenase--a inhibits tumorigene-
sis and tumor progression in mouse models of 
lung cancer and impacts tumor-initiating cells. 
Cell Metab 2014; 19: 795-809.

[43] Rong Y, Wu W, Ni X, Kuang T, Jin D, Wang D, 
Lou W. Lactate dehydrogenase A is overex-
pressed in pancreatic cancer and promotes 
the growth of pancreatic cancer cells. Tumor 
Biol 2013; 34: 1523-1530.

[44] Yao F, Zhao T, Zhong C, Zhu J and Zhao H. 
LDHA is necessary for the tumorigenicity of 
esophageal squamous cell carcinoma. Tumor 
Biol 2013; 34: 25-31.

[45] Le A, Cooper CR, Gouw AM, Dinavahi R, Maitra 
A, Deck LM, Royer RE, Vander Jagt DL, Semen- 
za GL, Dang CV. Inhibition of lactate dehydro-
genase A induces oxidative stress and inhibits 
tumor progression. Proc Natl Acad Sci U S A 
2010; 107: 2037-2042.

[46] Stewart L and Parmar M. Meta-analysis of the 
literature or of individual patient data: is there 
a difference? Lancet 1993; 341: 418-422.

[47] Hayes DF, Isaacs C and Stearns V. Prognostic 
factors in breast cancer: current and new pre-
dictors of metastasis. J Mammary Gland Biol 
Neoplasia 2001; 6: 375-392.

[48] Tong J, Sun X, Cheng H, Zhao D, Ma J, Zhen Q, 
Cao Y, Zhu H and Bai J. Expression of p16 in 
non-small cell lung cancer and its prognostic 
significance: a meta-analysis of published lit-
eratures. Lung Cancer 2011; 74: 155-163.

[49] Rosenthal R. The file drawer problem and toler-
ance for null results. Psychological Bulletin 
1979; 86: 638.

[50] Egger M, Zellweger-Zähner T, Schneider M, 
Junker C, Lengeler C and Antes G. Language 
bias in randomised controlled trials published 
in English and German. Lancet 1997; 350: 
326-329.

[51] Raman D, Baugher PJ, Thu YM and Richmond 
A. Role of chemokines in tumor growth. Cancer 
Lett 2007; 256: 137-165.

[52] Scargle JD. Publication bias: the “file-drawer” 
problem in scientific inference. Journal of 
Scientific Exploration 2000; 14: 91-106.


