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Although most studies have reported that high serum lactate dehydrogenase (LDH) levels are associated
with poor prognosis in several malignancies, the consistency and magnitude of the impact of LDH are
unclear. We conducted the first comprehensive meta-analysis of the prognostic relevance of LDH in solid
tumors. Overall survival (OS) was the primary outcome; progression-free survival (PFS) and disease-free
survival (DFS) were secondary outcomes. We identified a total of 68 eligible studies that included 31,857
patients. High LDHwas associated with aHR for OS of 1.48 (95%CI5 1.43 to 1.53; P, 0.00001; I25 93%),
an effect observed in all disease subgroups, sites, stages and cutoff of LDH. HRs for PFS and DFS were 1.70
(95% CI 5 1.44 to 2.01; P , 0.00001; I2 5 13%) and 1.86(95% CI 5 1.15 to 3.01; P 5 0.01; I2 5 88%),
respectively. Analysis of LDH as a continuous variable showed poorer OS with increasing LDH (HR 2.11;
95% CI 5 1.35 to 3.28). Sensitivity analyses showed there was no association between LDH cutoff and
reported HR for OS. High LDH is associated with an adverse prognosis in many solid tumors and its
additional prognostic and predictive value for clinical decision-making warrants further investigation.

C ancer is the leading cause of death in economically developed countries and the second leading cause of
death in developing countries1. In the United States, a total of 1,660,290 new cancer cases and 580,350
cancer deaths were projected to occur in 20132. In Europe, there were an estimated 3.45 million new cases

of cancer (excluding non-melanoma skin cancer) and 1.75 million deaths from cancer in 20123. Furthermore, the
global burden of cancer continues to increase, largely because of population growth and increased life-expect-
ancy3. Invasion and metastasis are two important hallmarks of cancer and are responsible for the majority of
cancer deaths4. Although much effort has been devoted to the diagnosis and therapy of cancers, the overall
prognosis is still unsatisfactory. A lack of knowledge of molecular biomarkers in cancer has limited the develop-
ment of personalized therapies and improvements in survival. Therefore, there is an urgent need for universal,
effective, readily available and inexpensive biomarkers in solid tumors to identify patients with a poor prognosis
so that novel treatments can be initiated earlier.

The metabolism of cancer cells differs from that of normal cells. This is largely because cancer cells exhibit
metabolic alterations that are frequently associated with reprogramming. Unlike normal cells, cancer cells
preferentially metabolize glucose by glycolysis to generate sufficient energy for the demands of rapid prolifera-
tion, even in the presence of adequate oxygen5.This phenomenon is known as theWarburg effect and is one of the
predominant metabolicalterations that occur during malignant transformation. In this process, transcriptional
programs regulated by oncogenes stabilize hypoxia-inducible factor 1 alpha (HIF-1a). HIF-1a contributes to the
upregulation of most enzymes involved in the glycolytic pathway, including lactate dehydrogenase (LDH).In the
final step of aerobic glycolysis, LDH converts pyruvate tolactate, which is coupled with the oxidation of NADH to
NAD1. These metabolic changes are reflected by an elevated serum LDH level6(hereinafter LDH).

Elevated LDH has been recognized as a poor prognostic indicator in cancer for many years7–10. LDH has also
been incorporated in prognostic scores for several types of cancer11. However, the consistency and magnitude of
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the prognostic impact of LDH are unclear12–14. The aim of this study
was to review published studies and use standardmeta-analytic tech-
niques to quantify the prognostic value of LDH in various solid
tumors.

Methods
Data sources and searches. This analysis was conducted in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines15. PubMed
was searched for studies evaluating the LDH and survival in solid tumors from 1978
to 2014. We used various medical subject heading terms, including ‘‘l-lactate
dehydrogenase’’, ‘‘prognosis’’, ‘‘multivariate analysis’’ and ‘‘proportional hazard
model’’. Title/abstract words included ‘‘lactate dehydrogenase’’, ‘‘LDH’’,
‘‘prognosis’’, ‘‘prognose’’, ‘‘prognostic’’, ‘‘multivariate analysis’’, ‘‘proportional
hazard model’’, ‘‘COX proportional hazard model’’ and ‘‘COX models’’. The full
search strategy is described in the Supplementary Methods (available online).

Study selection. Inclusion criteria for the primary analysis were as follows: 1) studies
of people with solid tumors reporting on the prognostic impact of LDH; 2)
prospective or retrospective cohort design with a clearly defined source population
and justifications for all excluded eligible cases; 3) sample size greater than 200; 4)
statistical analysis usingmultivariate proportional hazardsmodeling that adjusted for
clinical prognostic factors; and 5) reporting of the resultant adjusted hazard ratios
(HRs) and their 95% confidence intervals (CIs) or a P value for overall survival (OS).
For the secondary analyses, studies providing a HR for cancer-specific survival (CSS),
progression-free survival (PFS), disease-free survival (DFS), or recurrence-free
survival (RFS) were included as well.

Data extraction. OS was the primary outcome of interest. CSS, PFS, and DFS were
secondary outcomes. Two authors (J.Z. and H.W.) independently extracted
information using predefined data abstraction forms. The following details were
extracted: name of first author, year of publication, number of patients included in
analysis, disease site, disease stage (non-metastatic, metastatic, mixed [both non-
metastatic and metastatic]), study type (prospective or retrospective), cutoff defining
high LDH, andHRs and associated 95% confidence intervals for OS, PFS, DFS, or RFS
as applicable. HRs were extracted preferentially from multivariate analyses where
available. Where several HR values were given in an article, the value adjusted for
most confounders was used.

Data synthesis. The meta-analysis was conducted initially for all included studies for
each of the endpoints of interest. Subgroup analyses were conducted for predefined
parameters such as disease site, disease stage and LDH cutoff, and all data were
limited tomultivariate analyses. Disease site subgroups were generated if at least three
studies on that site were available; the remaining studies were pooled in a subgroup
termed ‘‘other.’’ LDH cutoff subgroups were, 250 U/L, 250–300 U/L, 301–400 U/L,
and .400 U/L. In three studies, the effect of LDH was reported as a continuous
variable; we pooled those studies separately. Univariate meta-regressionmodel analysis
was performed to evaluate the relationship between covariates (LDH cutoff) and the
HR for OS.

Statistical analyses. The meta-analysis was performed with RevMan 5.2 analysis
software (Cochrane Collaboration, Copenhagen, Denmark). Estimates of HRs were
weighted and pooled using the generic inverse-variance and random-effect model16.
Analyses were conducted for all studies, and differences between the subgroups were
assessed using methods described by Deeks et al.17. Publication bias was assessed by
visual inspection of the funnel plot. Heterogeneity was assessed using Cochran Q and
I2 statistics. Meta-regression analysis was conducted using Stata12.0 software. All
statistical tests were two-sided, and statistical significance was defined as P less than
0.05. No correction was made for multiple testing.

Results
Description of studies. Sixty-eight studies were included in the
meta-analysis. The selection process for the systematic review is
shown in Figure S1 and the characteristics of the included studies
are shown in Table 1. A total of 31,857 patients were included and the
median trial sample size was 363.

Overall survival. Sixty-three studies comprising 29,620 patients
reported HRs for OS. All studies analyzed LDH as a dichotomous
variable. The studies have clearly shown that upper limit of normal
(ULN) remains common for high LDH. The median cutoff for high
LDH was 250U/L (range 5 200–1000).
Two of the 63 eligible studies (3.2%) reported a non-statistically

significant HR. A forest plot of all studies is presented in Figure 1.
Overall, LDH greater than the cutoff was associated with a HR for
OS of 1.48 (95% CI 5 1.43 to 1.53; P , 0.00001). As the hetero-
geneity among studies was significant (P , 0.00001; I2 5 93%),

a random-effects model was applied. To explore potential sources
of heterogeneity, we performed subgroup analysis in the following
subgroups: disease site, tumor stage, and LDH subdivided by pre-
defined cutoffs.
The effect of LDH on OS among disease subgroups is shown in

Figure 2. The prognostic effect of LDH was highest in renal cell
carcinoma (HR 5 1.84, 95% CI 5 1.35 to 2.51), followed by naso-
pharyngeal carcinoma (HR5 1.82, 95% CI5 1.48 to 2.24), sarcoma
(HR5 1.79, 95% CI5 1.30 to 2.47), melanoma (HR5 1.76, 95% CI
5 1.56 to 1.98), prostate cancer (HR5 1.55, 95% CI5 1.06 to 2.26),
colorectal cancer (HR 5 1.52, 95% CI 5 1.29 to 1.79), and lung
cancer (HR5 1.50, 95%CI5 1.27 to 1.78). The HR for the subgroup
of other unselected solid tumors was 1.69 (95% CI 5 1.44 to 2.00).
For the eight disease-site subgroups analyzed, there was statistically
significant heterogeneity between disease sites (P, 0.00001), but no
significant differences in the prognostic values of LDH between the
subgroups (P for subgroup difference 5 0.68).
The effect of LDH on OS among different disease stages is shown

in Figure 3. The HRs were 1.54 (95% CI 5 1.32 to 1.80) for non-
metastatic disease, 1.70 (95% CI 5 1.59 to 1.82) for metastatic dis-
ease, and 1.20 (95%CI5 1.16 to 1.24) for amixed group consisting of
studies that included both metastatic and non-metastatic patients.
There was statistically significant heterogeneity between disease
stages (P , 0.00001). The prognostic value of LDH also varied sig-
nificantly between different disease stages (P for subgroup difference
, 0.00001).
The effect of LDH on OS among different cutoffs for LDH is

shown in Figure 4. The HRs were 1.71 (95% CI 5 1.38 to 2.12) for
LDH cutoff, 250U/L, 1.67(95% CI5 1.52 to 1.84) for LDH cutoff
250 to 300U/L, 1.69 (95% CI 5 1.27 to 2.24) for LDH cutoff 301 to
400U/L, and 1.72(95% CI5 1.45 to 2.05)for LDH cutoff. 400 U/L.
There was no statistically significant heterogeneity between the dif-
ferent cutoffs for LDH (P for subgroup difference 5 0.99).
The scatter plot for the univariate meta-regression analysis is

shown in Figure 5.A total of 63 studies was included in the meta-
regression analysis. Overall, there was no statistically significant
association between LDH cutoff and the HR for OS (P 5 0.614).
There was evidence of publication bias, with fewer small studies

reporting negative results than would be expected (Supplementary
Figure S2).
Three studies, comprising 1,766 patients, analyzed LDH as a con-

tinuous variable and reported HRs for OS. The pooled summary HR
of these studies was 2.11 (95% CI, 1.35–3.28; P5 0.0003; I2 5 84%)
per incremental LDH unit (Supplementary Figure S5).

Progression-free survival. Six studies, comprising 2,451 patients,
reported HRs for PFS. Overall, LDH greater than the cutoff
was associated with a HR for PFS of 1.70 (95% CI 5 1.44 to 2.01;
P , 0.00001; I2 5 13%). A forest plot is presented as Figure S3.

Disease-free (Recurrence-free) survival. A total of five trials,
comprising 1,992 patients, reported HRs for DFS. Overall, LDH
greater than the cutoff was associated with a HR for the endpoints
of 1.86 (95% CI5 1.15 to 3.01; P5 0.01; I2 5 88%). A forest plot is
presented in Figure S4.

Discussion
This is the first comprehensive meta-analysis of the prognostic rel-
evance of LDH in solid tumors and it is based on a large pool of
clinical studies (31,857 patients). We found a consistent effect of an
elevated LDH on OS (HR 5 1.48, 95%CI 5 1.43 to 1.53) across all
disease subgroups and stages. In addition, there is a trend toward a
stronger prognostic value of LDH in metastatic disease compared
with non-metastatic disease, which may reflect greater tumor bur-
den. The prognostic impact of LDH on PFS and DFS (or RFS) is also
robust. Interestingly, different cutoffs of LDH for different disease
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sites were reported in the included studies. However, the result of
subgroups analysis for LDH cutoff showed that there was no asso-
ciation between LDH cutoff and reported HR for OS. This result was
confirmed by meta-regression of LDH cutoff and HR for OS.
Moreover, LDH was also related to poor prognosis in solid tumors
when analyzed as a continuous variable. Our conclusions are sup-
ported by the fact that our selected studies were confined to those that
used proportional hazards modeling to adjust for clinical prognostic
factors and where the sample size was greater than 200.
There is a good biologic rationale for the use of LDH as a pro-

gnostic marker for cancer patients; however, the exact mechanism is
not understood. One potential mechanism may be an association
between LDH and the well-established phenomenon of oncogenica-
naerobic glycolysis, or the Warburg effect5. This metabolic repro-
gramming is regulated by HIF-1a, as well as myc, through the
transcriptional activation of key genes encoding metabolic enzymes;
these include LDH, which converts pyruvate to lactate. This process
is closely associated with an increased risk of invasion, metastasis,
and patient death77.
These analyses have several important implications. First, they

show that a high LDH is associated with worse outcome, which
suggests that LDH may be a useful biomarker to direct therapeutic
selection78,79.This is because LDH is under the translational control of
HIF-1a, as well as myc, and thus is regulated by key oncogenic
processes, such as the phosphatidylinositol 3-kinase/Akt/TORC1/
hypoxia-inducible factor (PI3K/Akt/TORC1/HIF) pathway80–82. A
recent study has demonstrated that the TORC1 inhibitor, temsiroli-
mus, could provide therapeutic benefit in patients with RCC and
high LDH79. Further work to investigate the predictive value of pre-
treatment LDH in other solid tumors may provide a more general
insight into which patients derive benefit from TORC1 inhibition.
Second, they show that increased LDHmay be interpreted as reflect-
ing high tumor burden or tumor aggressiveness. This suggests that
dynamic changes of LDH level may be useful for predicting the
prognosis in cancer patients after a primary operation, adjuvant
chemotherapy, hormonal therapy, or radiotherapy65. Third, LDH
allows the identification of a subgroup of tumors with a worse out-
come. It is essential in the treatment of cancer to distinguish between
low- and high-risk patients, thereby allowing stratification for stand-
ard or intensified treatment protocols. It has been shown that LDH
can be used as an effective biomarker to guide the selection of regor-
afenib in patients with colorectal cancer; patients with high LDHmay
not be optimal candidates for regorafenib83.To adequately address
these issues and dissect the complex relationship between LDH and
cancer, future studies should be conducted within tumor- and stage-
specific cohorts.
The strengths of this meta-analysis include the large sample size,

estimation of HR using multivariate proportional hazards modeling
that adjusted for clinical prognostic factors, and analysis of a massive
dataset comprising a large pool of clinical studies. LDH is also likely
to be a cancer-specific biomarker, given that it is rarely increased in
patients without cancer84. Thus, LDH may be a universal prognostic
marker in cancer. To improve research in this area, studies with a
more specific focus, such as those that address the impact of an
individual LDH level on the prognosis of a homogeneous population
of cancer patients (i.e., patients with the same cancer stage and sub-
type), would likely be more informative.
These analyses have limitations. One of the main limitations is the

significant heterogeneity between studies, althoughwe used random-
effects models when pooling subgroup data. The heterogeneity in
these studies could be explained by different patient characteristics
or study designs. To facilitate interpretation, we grouped the patients
by tumor type and tumor stage. Another limitation is that this is a
literature-based analysis. It is compromised by the potential for pub-
lication bias, in which there is a tendency for predominantly positive
results to have been published, thus inflating our estimate for theTa

bl
e
1

|C
on

tin
ue
d

N
o

Fi
st
A
ut
ho

r
Ye

ar
Sa

m
pl
e

Si
ze

LD
H

(H
ig
h/

Lo
w
)

Si
te

St
ag

e
C
ut
of
f

(U
I/
L)

O
ut
co
m
e

St
ud

y
ty
pe

Fo
llo
w
-u
p

Ti
m
e(
m
o)

Ri
sk

of
Bi
as

A
dj
us
te
d
V
ar
ia
bl
e

64
Ta

m
ur
a2

2
19

98
25

3
N
A

SC
LC

M
1

N
U
LN

O
S

R
N
A

H
Ex

te
nt
of
di
se
as
e,
N
um

be
ro

fm
et
as
ta
tic

si
te
s,
A
lb
um

in
,

W
ei
gh

tl
os
s

65
Et
on

O
2
1

19
98

31
8

N
A

M
el
an

om
a

M
22

5
O
S

R
N
A

H
A
lb
um

in
,S

of
tt
is
su
e
an

d/
or

si
ng

le
vi
sc
er
al

or
ga

n
m
et
as
ta
se
s(
es
pe

ci
al
ly
lu
ng

),
Se

x,
En

ro
llm

en
tla

te
in
th
e

de
ca

de
66

D
’A
M
IC
O

7
7

20
05

49
4

N
A

H
RP

C
M

74
-

20
77

O
S

R
15

.6
-

16
.8

L
H
b,

A
ge

,E
C
O
G

PS
,A

LP
,T

re
at
m
en

t,
PS

A
re
sp
on

se
du

ra
tio

n,
PS

A
67

H
al
ab

i7
8

20
03

76
0

N
A

H
RP

C
M

17
3-

43
7

O
S

R
N
A

H
PS

,G
le
as
on

,A
LP
,P

SA
,V

is
ce
ra
ld

is
ea

se
,H

b

68
Sc

he
llh
am

m
er

7
9

20
13

51
2

N
A

C
RP

C
M

84
-

16
62

O
S

P
N
A

L
PS

A
,H

b,
EC

O
G
,A

LP
,G

le
as
on

sc
or
e

A
bb

re
vi
at
io
ns
:S

C
LC

:s
m
al
l-c
el
llu

ng
ca

nc
er
;N

SC
LC

:n
on

-sm
al
l-c
el
llu

ng
ca

nc
er
;R

C
C
:r
en

al
ce
llc

ar
ci
no

m
a;

H
RP

C
:h
or
m
on

e-
re
fra

ct
or
y
pr
os
ta
te
ca

nc
er
;C

RP
C
:c
as
tra

tio
n
re
fra

ct
or
y
pr
os
ta
te
ca

nc
er
;U

LN
:u
pp

er
lim

it
of
no

rm
al
;O

S:
ov

er
al
ls
ur
vi
va

l;
PF
S:

pr
og

re
ss
io
n-
fre

e
su
rv
iv
al
;D

FS
:

di
se
as
e-
fre

e
su
rv
iv
al
;R

FS
:r
ec
ur
re
nc
e-
fre

e
su
rv
iv
al
;M

:m
et
as
ta
tic
;N

:n
on

-m
et
as
ta
tic
;M

1
N
:m

ix
ed

(n
on

-m
et
as
ta
tic

an
d
m
et
as
ta
tic
);
R:

re
tro

sp
ec
tiv
e;

P:
pr
os
pe

ct
iv
e;

L:
lo
w
ris
k;
H
ig
h:

hi
gh

ris
k;
N
A
:n

ot
av

ai
la
bl
e;

PS
:p

er
fo
rm

an
ce

sc
or
e;

KP
S:

Ka
rn
of
sk
y
pe

rfo
rm

an
ce

sc
or
e
;L
D
H
:

La
ct
ic
de

hy
dr
og

en
as
;A

LP
:a

lk
al
in
e
ph

os
ph

at
as
e;

PS
A
:p

ro
sta

te
sp
ec
ifi
c
an

tig
en

;H
b:

he
m
og

lo
bi
n;

C
a:

ca
lc
iu
m
;P

S:
Pe

rfo
rm

an
ce

St
at
us
;E

C
O
G

PS
:E

as
te
rn

C
oo

pe
ra
tiv
e
O
nc
ol
og

y
G
ro
up

Pe
rfo

rm
an

ce
St
at
us

;A
LP
:a

lk
al
in
e
ph

os
ph

at
as
e;

C
TC

:c
irc

ul
at
in
g
tu
m
or
;N

LR
:n

eu
tro

ph
ils

/
ly
m
ph

oc
yt
es
;C

RP
:C

-re
ac

tio
n
pr
ot
ei
n;

IP
FS

G
:I
nt
er
na

tio
na

lP
ro
gn

os
tic

Fa
ct
or
s
St
ud

y
G
ro
up

;C
A
19

-9
:c

ar
bo

hy
dr
at
e
an

tig
en

19
-9
;C

EA
:c

ar
ci
no

em
br
yo

ni
c
an

tig
en

;G
G
T:

ga
m
m
a-
gl
ut
am

yl
tra

ns
pe

pt
id
as
e;

D
FI
:D

FI
:d

is
ea

se
-fr
ee

in
te
rv
al

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 5 : 9800 | DOI: 10.1038/srep09800 6



Figure 1 | Forest plots showingHR for OS for LDH greater than or less than the cutoff.HRs for each study are represented by the squares, the size of the

square represents the weight of the study in the meta-analysis, and the horizontal linecrossing the square represents the 95% confidenceinterval (CI). All

statistical tests were two-sided.
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association between LDH and outcome. Our strict inclusion criteria
(study size greater than 200, the requirement for HRs, and a require-
ment for a 95% CI or P value) may have introduced selection bias.
Most of the included studies were retrospective, which may have
introduced reporting bias. Finally, different cutoffs used to assess
high LDH level in these studies might also have contributed to the

heterogeneity because it is possible that more false-positive cases
were obtained with a cutoff of , 300 U/L than with a cutoff of
.300 U/L. However, there is no accepted and validated absolute
LDH level above which high LDH can be assigned. Instead, we used
a cutoff of ULN. Thismay have introduced substantial heterogeneity,
which may not have been fully accounted for by our use of sensitive

Figure 2 | Forest plots showing HRs by disease subgroups.
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Figure 3 | Forest plots showing HRs by stage subgroups.
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Figure 4 | Forest plots showing HRs by LDH cutoffs.
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analyses. The use of ULN is less robust; however, this was the only
feasible method with the data available. An internationally accepted
and validated LDH cutoff is warranted.
In summary, our data suggest that pretreatment LDH is a simple,

cost-effective prognostic factor that can be considered as a criterion
to consider patients in different prognostic groups. LDH is also a
potential predictive marker to guide individual therapy decisions in
solid tumors. Further, adequate, multi-center prospective studies are
required to explore the clinical utility of LDH in solid tumors.
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