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Abstract: Background: Recent studies have shown that serum lactate dehydrogenase (LDH) is a useful predictive
factor in several cancers; however, the prognostic value of high pre-treatment serum LDH in patients with nasopharyngeal carcinoma (NPC) remains controversial. Objective: This meta-analysis was conducted to quantitatively
assess the prognostic significance of serum LDH levels in nasopharyngeal carcinoma patients. Methods: Eligible
studies were identified through systematic literature searches. The pooled hazard ratios (HR) or odds ratios (OR)
with their corresponding 95% confidence intervals (95% CI) were used to estimate the effect sizes. A meta-analysis
of fifteen studies (6,690 patients) was carried out to evaluate the association between high pre-treatment serum
LDH and overall survival (OS), distant metastasis-free survival (DMFS), disease-free survival (DFS) and local relapse
free survival (LRFS) in NPC patients. Sensitivity and subgroup analyses were carried out. Results: Our analysis
results showed that high pre-treatment serum LDH implied poor OS (HR: 0.29, 95% CI: 0.23-0.37, P < 0.00001),
DMFS (HR: 0.30, 95% CI: 0.17-0.55, P < 0.0001), DFS (HR: 0.59, 95% CI: 0.47-0.74, P < 0.00001) and LRFS (HR:
0.48, 95% CI: 0.32-0.71, P=0.00003) of NPC. Subgroup analyses were performed in further investigations. When
the patients were segregated according to treatment, country, and cut-off level, high levels of serum LDH were found
to be significantly correlated with OS. Conclusion: This meta-analysis suggests serum LDH levels may be a useful
biomarker to predict a poorer prognosis for patients with nasopharyngeal carcinoma.
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Introduction
Nasopharyngeal carcinoma (NPC) is distinct
from other head-and-neck cancers in its pathology, epidemiology, and clinical attributes. NPC
has the highest propensity to metastasis to distant sites among head and neck cancers.
Approximately 70% of NPC patients presented
with stage III or IV disease at the initial diagnosis. About 17-54% of patients with NPC had
failed treatment due to distant metastases [1,
2], and systemic disease remains the major
cause of death among patients with NPC [3-5].
Though radiotherapy is the radical therapeutic
regimen for non-disseminated NPC, the 5 year
survival rate of patients with NPC has reached
approximately 60-70% [6]. However, locoregional recurrence and distant metastasis after
radiotherapy are still the main patterns of failure affecting the survival rate of patients with
NPC, the current TNM staging system has lim-

ited power in individually determining patient
outcomes [7, 8]. Thus, it is important to identify
molecular predictive markers for the prognosis,
which is helpful in the selection of therapeutic
strategies and can further improve the survival
for NPC patients.
To improve the long term survival rate and quality of life for patients, implementing individualized therapy is a critical step [9]. Nowadays,
more and more novel biomarkers have been
reported to have diagnostic and prognostic
value in predicting tumourigenesis and tumour
progression. For NPC, serum lactate dehydrogenase (LDH) was closely related to glycolysis
and mitochondrial deficiency that is required for
tumor maintenance [10]. High serum LDH level
was found to correlate with a larger tumor burden, to be associated with the extent of locoregional control and/or distant metastasis events,
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Materials and methods
Searching strategy
A systematic literature search
was conducted to identify studies eligible for the present metaanalysis in Medline, PubMed,
Web of Science, China National
Knowledge Internet, VIP database, Wanfang database, and
Embase to identify studies that
assessed the prognostic value of
serum LDH for NPC. The search
terms included the keywords
variably combined by “LDH” or
“lactate dehydrogenase”, “prognosis” or “prognostic”, “nasopharyngeal carcinoma”, “nasopharyngeal cancer” or NPC. The reference lists of all retrieved articles were also screened for relevant additional articles.
Inclusion/exclusion criteria
Studies eligible for this metaanalysis should meet the following criteria: (1) patients were
pathologically diagnosed as NPC;
(2) the pre-treatment serum LDH
was measured; (3) case-control
Figure 1. Flow chart showing
studies; (4) the size of the samthe inclusion and exclusion prople, odds ratios (OR) and their
cess of literatures.
95% confidence intervals (CI)
should also be offered; (5) Those
publications that presented data
allowing such outcomes to be
derived were also selected; (6)
and to predict a poor prognosis. High serum
full-text articles published; (7) for duplicate
LDH level was an independent unfavorable risk
articles based on the identical or overlapping
factor for overall survival (OS), but not for dispatient population, only the most recent
ease-free survival (DFS) [11]. Some other
and/or complete one was used in the metareports have suggested that elevated levels of
analysis. Duplicate articles reporting different
serum LDH above the normal range predict
endpoints (i.e., OS or DSS) were also included.
poor prognosis in NPC [12-16]. However, anothAccordingly, the following exclusion criteria
er cohort study reported that elevated pretreatwere also used: (1) review, letter, case report,
ment LDH predicted an inferior survival not only
or nonhuman research; (2) insufficient data
for OS, but also for DFS and distant metastasisto extract the hazard ratio (HR) and the 95%
free survival (DMFS) [13].
confidence interval (95% CI).
Due to the inconsistent results, the prognostic
value of LDH in NPC remains unsure. Therefore,
it is necessary to perform a meta-analysis to
comprehensively and systematically understand the prognostic value of pre-treatment
serum LDH in NPC.
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Assessment of risk of bias in included studies
With the guidance of Cochrane handbook
(5.1.0), we assessed the risk of bias by using
the following criteria: adequate reliability determined random sequence generation, allocation
Int J Clin Exp Med 2016;9(11):20846-20855
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Table 1. Baseline characteristics of the studies in the meta-analysis
Author

Year Sample Size (M/F)

Guan-Qun Zhou
Xiangbo Wan

2011
2013

Guo Li
SelahattinTuren
Lei Zheng
Chuangzhen Chen
Lu Xue Guan
Gong Kuiyu
Chuang-Chi Liaw
Yun-Ming Tian

2012 533 (396/137)
2007
61 (48/13)
2014
234 (202/32)
2013
345 (256/89)
2000
42 (32/10)
2015 2665 (2032/633)
1997
118 (N/A)
2013
85 (7/78)
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465 (353/112)
400 (312/88)

Median follow-up
peroid (months)
44.7
60
84
46
22
80
40
36
36
36

Treatment
CT/CRT
IC/CCRT
IC/RT
RT/CRT
NCT + RT NCT + CCRT
CT/CRT
CCRT
RT
RT/CRT/CCRT
CT/RT
CT/CTR

Cut-off level TNM stage
(IU/L)
(I-II/III-IV)
OS, DFS, DMFS, LRFS
Reported in text
165
159/306
OS/DFS/LRFS/RRFS/DMFS Reported in text
245
0/400
Endpoint

HR (95% CI)

OS/DMFS/LRFS
OS/DFS
OS
OS/DMFS
DMFS
OS/LRFS/DMFS
OS
OS

Reported in text
Reported in text
Reported in text
Reported in text
Reported in text
Reported in text
Reported in text
Reported in text

240
460
245
240
240
245
140
245

229/304
0/61
N/A
N/A
22/20
984/1258
N/A
35/50
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“sample size”, “publication
year”, “country”, “median
age”, “treatment information”, cut-off value, HRs
with their 95% CI for OS or
DFS, disappointments between two reviewers were
settled through discussion.
Statistical analysis
Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias
item presented as percentages across all included studies.

Figure 3. Risk of
bias summary: review authors’ judgements about each
risk of bias item
for each included
study.

Review Manager (RevMan)
5.0 (The Cochrane Collaboration, Oxford, England)
was used in the meta-analysis. Firstly, we used
the fixed effects model to incorporate data
from each study; A significant heterogeneity
was defined as P < 0.10 or I2 > 50% [17]. Then
performed the heterogeneity test for P values
and I2 index to estimate the degree of heterogeneity in literature. If P > 0.05 and I2 < 50%, we
considered that the analysis had the homogeneity. If P < 0.05, and I2 > 50%, we considered
that the analysis had heterogeneity; If heterogeneity was significant, we used the random
effect model. Otherwise, we used the fixed
effect model; then the sensitivity analysis was
needed to assess potential sources of the heterogeneity. Sensitivity analyses were conducted to assess the strength of our findings by
excluding one study at a time. Funnel plot was
used to evaluate publication bias. If the number included in the study is too few, we tried to
use fail-safe number fail-safe number 0.5
(Nfs0.5). The greater the Nfs0.5, indicating that
publication bias is smaller, the result of metaanalysis is the more stable.
Results

concealment, binding of participants and personnel, binding of outcome assessment, incomplete outcome data, selecting reporting and
other bias. High risk, low risk, or unclear were
used to evaluate the risk of bias.
Data extraction and quality assessment
Data were extracted independently by two reviewers. The extracted data included “authors”,
20849

After the careful screening process, 10 studies
met our inclusion criteria and were selected for
our final meta-analysis [11, 13-15, 18-23].
Including 6,690 patients with NPC, were included in the meta-analysis. The inclusion and
exclusion process of the studies is shown in
Figure 1. Among the 10 studies, seven were
performed in China [13, 14, 18-21, 23], one in
Korea [11], and one in America [22], one in
Taiwan [15]; eight studies reported data on the
effect of serum LDH level on OS [11, 13-15, 18,
20-23], four on DMFS [13, 14, 19, 22], three on
DFS [11, 13, 14], and four on LRFS [13, 14, 18,
21]. The basic feature description of the studies was summarized in Table 1.
Int J Clin Exp Med 2016;9(11):20846-20855
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Figure 4. Meta-analysis of the association between LDH and overall survival (OS) of patients with NPC. Results are
presented as individual and pooled hazard ratio (HR), and 95% confidence interval (CI).

Table 2. Subgroup analyses of pooled HRs for increased serum LDH
and OS in NPC
No. of
studies
Therapeutic method
CT + CRT
5
CCRT
4
LDH cut-off value
245 U/L
5
Non-245 U/L
4
Country
China
7
non-China
2
Analysis

Pooled hazard
ratio (95% CI)

I2 statis- P-value for Analytical
tic (%) heterogeneity model

0.29 [0.24, 0.35]
0.29 [0.24, 0.36]

0
0

0.71
0.64

REM
FEM

0.32 [0.26, 0.39]
0.24 [0.17, 0.33]

48
0

0.10
0.71

REM
FEM

0.30 [0.22, 0.41]
0.26 [0.17, 0.40]

42
0

0.11
0.42

REM
FEM

Risk of bias of eligible studies in Figures 2 and
3
Of 10 studies, all satisfied the criteria of complete outcome data, while one RCT didn’t correspond with the item of selective reports. Only
three reported adequate reliability determined
random sequence generation, allocation concealment, binding of participants and personnel, and binding of outcome assessment. There
was no other bias found in these 10 studies.
Pre-treatment serum LDH and OS in NPC patients
There were 9 studies with a total of 4906
patients included in final analysis to assess the
effect of serum LDH levels on OS. Combined
data showed that high serum LDH were significantly correlated with poor OS with a pooled HR
estimate of 0.29 [95% CI: 0.25-0.35, P <
0.00001] without strong evidence on the presence of heterogeneity (I2=29%, P=0.19) by
fixed-effects model (Figure 4). Meta-regression
20850

analysis and subgroup analysis according to country, treatment, and cut-off
value were also performed
(Table 2). The results suggested that all of relevant
stratified factors did not
have a significant correlation with heterogeneity,
and did not alter the significant prognostic impact
of high serum LDH levels.
Pre-treatment serum LDH
and DMFS in NPC patients

A total of 4 studies including 1,252 patients
were used to assess the association of serum
LDH levels with DMFS in NPC patients. As
shown in (Figure 5), the pooled HR was 0.30
(95% CI 0.17-0.55) by random-effects model
for the existence of a significant heterogeneity
(I2=66%, P=0.003), which suggested high serum LDH level was associated with poorer distant metastasis-free survival in NPC patients.
Pre-treatment serum LDH and DFS in NPC
patients
Figure 6 shows the forest plot for the association between high pretreatment serum LDH
and DFS in NPC patients. Four of the studies
reported data on high pretreatment serum LDH
and DFS in NPC. The combined data suggested
that elevated pre-treatment serum LDH levels
were significantly correlated with DFS with a
pooled HR estimate of 0.59 (95% CI: 0.47-0.74,
P < 0.00001), and the statistical tests did not
support heterogeneity in the data (I2=0%, P=
0.67). The results suggested high serum LDH
Int J Clin Exp Med 2016;9(11):20846-20855
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Figure 5. Meta-analysis of the association between LDH and DMFS of patients with NPC. Results are presented as
individual and pooled hazard ratio (HR), and 95% CI.

Figure 6. Meta-analysis of the association between LDH and DFS of patients with NPC. Results are presented as
individual and pooled hazard ratio (HR), and 95% CI.

Figure 7. Meta-analysis of the association between LDH and LRFS of patients with NPC. Results are presented as
individual and pooled hazard ratio (HR), and 95% CI.

level was associated with poorer disease-free
survival in NPC patients.
Pre-treatment serum LDH and LRFS in NPC
patients
The main results of this meta-analysis were
showed in Figure 7.
The pooled HR and 95% CI about LRFS for all
three results were 0.48 (95% CI 0.32-0.71;
P=0.0003), indicating that LDH level predicts a
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poorer local relapse-free survival in NPC
patients. Few heterogeneity was observed
(P=0.37, I2=0%).
Sensitivity analysis
Sensitivity analyses were performed by considering only the studies with sample size ≥ 100
and excluding the study with the largest effect
size. The summary HRs of the eligible studies
was not altered similarly to the overall effect of
the meta-analysis (Table 3).
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Table 3. The results of sensitivity analyses
Analysis

I2 statis- P-value for Analytical
tic (%) heterogeneity model

No. of
studies

Pooled hazard
ratio (95% CI)

7
7

0.27 [0.23, 0.33]
0.30 [0.25, 0.35]

0
42

0.66
0.11

FEM
FEM

3
3

0.25 [0.12, 0.51]
0.35 [0.19, 0.63]

59
70

0.09
0.04

REM
REM

2
2

0.35 [0.17, 0.70]
0.54 [0.35, 0.81]

15
0

0.28
0.74

FEM
FEM

3
4

0.57 [0.45, 0.72]
0.59 [0.47, 0.74]

0
0

0.76
0.67

FEM
FEM

OS
Exclusion of study with the largest effect size
Sample size > 100
DMFS
Exclusion of study with the largest effect size
Sample size > 100
DFS
Exclusion of study with the largest effect size
Sample size > 100
LRFS
Exclusion of study with the largest effect size
Sample size > 100

Discussion
NPC has the highest propensity to
metastasis to distant sites among
head and neck cancers. Although
palliative chemotherapy has been
demonstrated as the most effective way with high objective reFigure 8. Funnel plot for
sponse rates, recurrence frequentpublication bias test in OS
ly occurs after chemotherapy ceasstudies.
es. However, the application of
radiotherapy of the primary tumor
remains controversial because of
their short life expectancy and radiation-induced complications [24,
25]. LDH as a pathophysiological
marker has been studied in relaPublication bias
tion to several opportunistic infections, including infection by Pneumocystis cariniipneumoPublication bias estimate was mainly used to
nia (PCP), tuberculous and bacterial pneumoevaluate there liability of meta-analysis results,
nia [26]. The transformation of normal cells into
especially for those showing statistical signifimalignant cells often leads to abnormal serum
cance. It suggested evidence for publication
enzyme synthesis, even before changes in
bias in OS studies by unnel plot (Figure 8).
tumor morphology [27]. Therefore, enzyme
Funnel plots were not created for assessment
studies have recently received widespread
of possible publication biases in DMFS, DFS,
attention. Fantin reported that lactate dehydroLRFS studies, because it is useless when the
genase (LDH) was closely related to glycolysis
number of included studies is limited. Instead,
and mitochondrial deficiency that is required
we tried to use fail-safe number, which is
for tumor maintenance [28].
defined as the number of negative results that
Elevated serum lactate dehydrogenase (LDH)
could reverse the significant finding, for the
levels were identified as a negative prognostic
evaluation of the reliability of meta-analysis.
indicator for many solid tumors, including nonThe Nfs0.05 for data in Figures 5-7, were 142,
Hodgkin’s lymphoma [29], germ cell tumors
22 and 37, respectively, suggesting that the
publication biases may not have a remarkable
[30], small-cell lung cancer [31], and others. An
influence on the results of the meta analyses.
effective pretreatment prognostic marker can-
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not only give information for prediction of survival, but can help clinicians make decisions on
treatment selection.
Considered as a valuable tool in biomarker validation, a meta-analysis was carried out to study
the predictive value of high pretreatment serum
LDH on the prognosis of NPC patients. In this
meta-analysis, preliminary combined HRs
showed that the increased CRP level in nasopharyngeal carcinoma patients indicated a significant association with poorer OS (HR 0.24,
95% CI 0.17-0.36) without apparent heterogeneity (I2=34%, P=0.51). In the subgroup analyses, with data stratified by country and treatment, every subgroup showed significant HRs
and 95% CI. These results indicated that no
matter what country or treatment, the patients
were in the high levels of serum LDH could significantly predict the poor OS in patients with
NPC. In addition, when stratified by cut-off
value, the results were also significant no matter what cut-off level was used: 245 U/L (0.32
[0.26, 0.39], I2=48%) or non-245 U/L (0.24
[0.17, 0.35], I2=0). The results of sensitivity
analyses by sequential omission of individual
studies one at a time suggested the significant
association was highly unlikely due to chance.
In this study, we also evaluated the association
of serum LDH with DMFS, DFS and LRFS on
NPC patients. The summary HRs and 95% CI of
DMFS, DFS and LRFS suggested that high pretreatment serum LDH levels indicated a poor
prognosis for NPC patients. Because less
included literature, therefore we cannot do subgroup analysis. Through sensitivity analysis by
considering only the studies with sample size ≥
100 and excluding the study with the largest
effect size, the summary HRs and 95% CI suggested the significant association was highly
unlikely due to chance without apparent
heterogeneity.
The underlying molecular mechanism by which
LDH can be correlated with a prognosis of cancer remains unclear. According to the recent
studies, the glycolytic pathway of LDH in tumour
cells can be the major factor. First, the growth
and metastasis of an aggressive tumor requires
more intense anaerobic glycolysis to produce
energy, which may result in an elevated level of
LDH, a key enzyme in the anaerobic glycolysis
pathway. In addition, increased LDH levels
result in low extracellular pH due to lactic acid
20853

production. This, combined with unregulated
activity of the hypoxia inducible factor (HIF)
pathway, which regulates gene expression and
tumor angiogenesis, may trigger activation of
pathways that control tumor growth and aggressiveness [32-35]. In the present study, elevated
levels of LDH correlated with a worse prognosis, and the hypoxic status of the NPC cells
present may have been a contributing factor.
Although we assessed comprehensively the
prognostic significance of pre-treatment LDH in
NPC, some limitations in our meta-analysis
should be discussed. First, the number of
included studies was limited. Secondly, potential language and risk bias may exist in this systematic review, because positive study results
were more often published than negative ones.
In addition, although we tried to identify all relevant information, some missing data were still
unavoidable. Moreover, more large-scale, highquality studies are therefore needed to update
our assessment and to give more convincing
evidence in the future.
In conclusion, our meta-analysis revealed that
high levels of serum LDH were significantly
associated with poor OS, DMFS, DFS and LRFS
in patients with NPC. We conclude that pretreatment serum CRP is considered to be a
promising prognostic factor for nasopharyngeal
cancer patients, and serve as a useful bio-maker for NPC.
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