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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 LDH was associated with a HR for OS of 1.48 (95% CI = 1.43 to 1.53; P < 0.00001; I* = 93%),
an effect observed in all disease subgroups, sites, stages and cutoff of LDH. HRs for PFS and DFS were 1.70
(95% CI = 1.44 to 2.01; P < 0.00001; I* = 13%) and 1.86(95% CI = 1.15 to 3.01; P = 0.01; I* = 88%),
respectively. Analysis of LDH as a continuous variable showed poorer OS with increasing LDH (HR 2.11;
95% CI = 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.

death in developing countries'. In the United States, a total of 1,660,290 new cancer cases and 580,350

cancer deaths were projected to occur in 2013, 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 2012°. Furthermore, the
global burden of cancer continues to increase, largely because of population growth and increased life-expect-
ancy’. Invasion and metastasis are two important hallmarks of cancer and are responsible for the majority of
cancer deaths®. 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 oxygen®.This phenomenon is known as the Warburg 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-10t). HIF-10 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
NAD+. These metabolic changes are reflected by an elevated serum LDH level®(hereinafter LDH).

Elevated LDH has been recognized as a poor prognostic indicator in cancer for many years’™'°. LDH has also
been incorporated in prognostic scores for several types of cancer''. However, the consistency and magnitude of

C ancer is the leading cause of death in economically developed countries and the second leading cause of
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the prognostic impact of LDH are unclear'*™'*. The aim of this study
was to review published studies and use standard meta-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 guidelines'”. 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 “I-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 using multivariate proportional hazards modeling 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, and HRs and associated 95% confidence intervals for OS, PES, DFS, or RES
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 to multivariate 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-regression model 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 model'°.
Analyses were conducted for all studies, and differences between the subgroups were
assessed using methods described by Deeks et al.'”. Publication bias was assessed by
visual inspection of the funnel plot. Heterogeneity was assessed using Cochran Q and
I 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 = 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 = 1.43 to 1.53; P < 0.00001). As the hetero-
geneity among studies was significant (P < 0.00001; I* = 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 = 1.84, 95% CI = 1.35 to 2.51), followed by naso-
pharyngeal carcinoma (HR = 1.82, 95% CI = 1.48 to 2.24), sarcoma
(HR = 1.79, 95% CI = 1.30 to 2.47), melanoma (HR = 1.76, 95% CI
= 1.56 to 1.98), prostate cancer (HR = 1.55,95% CI = 1.06 to 2.26),
colorectal cancer (HR = 1.52, 95% CI = 1.29 to 1.79), and lung
cancer (HR = 1.50,95% CI = 1.27 to 1.78). The HR for the subgroup
of other unselected solid tumors was 1.69 (95% CI = 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 = 0.68).

The effect of LDH on OS among different disease stages is shown
in Figure 3. The HRs were 1.54 (95% CI = 1.32 to 1.80) for non-
metastatic disease, 1.70 (95% CI = 1.59 to 1.82) for metastatic dis-
ease, and 1.20 (95% CI = 1.16 to 1.24) for a mixed 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 = 1.38 to 2.12) for
LDH cutoff < 250U/L, 1.67(95% CI = 1.52 to 1.84) for LDH cutoff
250 to 300U/L, 1.69 (95% CI = 1.27 to 2.24) for LDH cutoff 301 to
400U/L, and 1.72(95% CI = 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 = 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 = 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; P = 0.0003; I* = 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 = 1.44 to 2.01;
P < 0.00001; I = 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% CI = 1.15 to 3.01; P = 0.01; I* = 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 = 1.48, 95%CI = 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 RES) is also
robust. Interestingly, different cutoffs of LDH for different disease
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Hazard Ratio Hazard Ratio

Study or Subgrou log[Hazard Ratio SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Aoe 2004 0.3436 0.1085 1.9% 1.41[1.14,1.74] -
Aoe 2005 0.3148 0.1074 2.0% 1.37 [1.11, 1.69] -
Armstrong 2012 1.0332 0.1709 0.9% 2.81[2.01, 3.93] -
Atzpodien 2003 0.2624 0.1339 1.4% 1.30[1.00, 1.69] I
Bacci 2000 0.3293 0.0923 2.5% 1.39[1.16, 1.67] -
Bacci 2004 0.5878 0.2069 0.6% 1.80[1.20, 2.70] -
Bacci 2007 0.6471 0.1267 1.5% 1.91[1.49, 2.45] -
Bedikian 2008 0.4194 0.0948 2.4% 1.52[1.26, 1.83] -
Bedikian 2011 0.4357 0.1225 1.6% 1.55[1.22, 1.97] -
Chibaudel 2011 0.5878 0.1103 1.9% 1.80 [1.45, 2.23] -
Cook 2006 0.7372 0.1558 1.1% 2.09 [1.54, 2.84] -
Culp 2010 0.5068 0.1407 1.3% 1.66 [1.26, 2.19] -
Du 2013 0.005 0.0025 9.1% 1.01[1.00, 1.01]

Durnali 2013 2.1988 0.7249 0.1% 9.01[2.18, 37.32]

Escudier 2007 0.5194 0.1888 0.7% 1.68[1.16, 2.43] -
Eton 1998 0.5878 0.166 0.9% 1.80[1.30, 2.49] -
Feliu 2011 0.1196 0.0322 6.9% 1.13[1.06, 1.20] "
Giaccone 2005 0.5365 0.1399 1.3% 1.71[1.30, 2.25] -
Giessen 2013 0.239 0.1019 21% 1.27 [1.04, 1.55] ~
Giroux 2012 0.6931 0.2005 0.7% 2.00 [1.35, 2.96] -
Gripp 2007 0.8755 0.2101 0.6% 2.40[1.59, 3.62] -
Halabi 2014 0.3365 0.0959 2.3% 1.40[1.16, 1.69] -
Han 2003 0.4318 0.1359 1.3% 1.54[1.18, 2.01] -
Hannisdal 1993 0.4055 0.1582 1.0% 1.50 [1.10, 2.05] -
Hashimoto 2009 0.5977 0.1818 0.8% 1.82[1.27, 2.60] -
He 2013 -0.0336 0.2162 0.6% 0.97 [0.63, 1.48] T
Jakob 2012 1.0116 0.1995 0.7% 2.75[1.86, 4.07] -
Jin 2013 0.4669 0.0806 3.0% 1.60 [1.36, 1.87] -
Kawahara 1997 0.6729 0.1433 1.2% 1.96 [1.48, 2.60] -
Kim 2010 0.7857 0.292 0.3% 2.19[1.24, 3.89] -
Lagerwaard 1999 0.4383 0.082 2.9% 1.55[1.32, 1.82] -
Laurie 2007 0.3075 0.0991 2.2% 1.36 [1.12, 1.65] -

Li 2012 0.5068 0.2465 0.5% 1.66 [1.02, 2.69] _'_
Meckbach 2014 0.8329 0.1852 0.8% 2.30[1.60, 3.31] -
Mekenkamp 2012 0.6152 0.1139 1.8% 1.85[1.48, 2.31] -
Mekenkamp2 2012 0.5008 0.1296 1.4% 1.65[1.28, 2.13] -
Motzer 1999 0.9002 0.1245 1.5% 2.46[1.93, 3.14] -
Motzer 2002 1.1725 0.1726 0.9% 3.23[2.30, 4.53] -
Motzer 2013 0.4517 0.1805 0.8% 1.57 [1.10, 2.24] -
Neuman 2008 0.3507 0.1257 1.5% 1.42[1.11,1.82] -
Pierga 2001 0.6931 0.0829 2.9% 2.00[1.70, 2.35] -
Polee 2003 0.4055 0.1582 1.0% 1.50 [1.10, 2.05] -
Poprach 2014 0.8242 0.2274 0.5% 2.28 [1.46, 3.56] -
Saito 2007 0.4818 0.2357 0.5% 1.62[1.02, 2.57] _'_
Sau 2013 -0.2058 0.1259 1.5% 0.81[0.64, 1.04] ]
Scher 1999 0.003 0.001 9.1% 1.00 [1.00, 1.00]

Schmidt 2007 0.7885 0.1625 1.0% 2.20[1.60, 3.03] -
Shinohara 2012 0.6329 0.2519 0.4% 1.88[1.15, 3.09] -
Shinohara 2013 0.47 0.1912 0.7% 1.60[1.10, 2.33] -
Sougioultzis 2011 0.5423 0.1289 1.5% 1.72[1.34, 2.21] -
Suh 2010 0.5499 0.1778 0.8% 1.73[1.22, 2.46] -
Tamura 1998 0.3365 0.1517 1.1% 1.40 [1.04, 1.88] B
Tanrikulu 2010 0.8065 0.1765 0.8% 2.24[1.58, 3.17] -
Templeton 2014 0.9243 0.213 0.6% 2.52[1.66, 3.83] -
Tonini 1997 1.4061 0.6316 0.1% 4.08 [1.18, 14.07]

van Kessel 2013 0.4028 0.1298 1.4% 1.50 [1.16, 1.93] -
Vigan6 2000 0.5878 0.2069 0.6% 1.80[1.20, 2.70] -
Wan 2013 0.9658 0.3053 0.3% 2.63[1.44,4.78] -
Wang 2014 0.5939 0.1138 1.8% 1.81[1.45, 2.26] -
Wei 2014 0.5446 0.176 0.8% 1.72[1.22, 2.43] -
Weide 2012 0.47 0.1059 2.0% 1.60 [1.30, 1.97] -
Weide 2013 0.47 0.1059 2.0% 1.60[1.30, 1.97] -
Yamaguchi 2014 0.4318 0.149 1.1% 1.54 [1.15, 2.06] -
Zhou 2012 11112  0.317 0.3% 3.04 [1.63, 5.65] -
Total (95% CI) 100.0% 1.48 [1.43, 1.53] |

Heterogeneity: Tau? = 0.00; Chi? = 962.78, df = 63 (P < 0.00001); 1> = 93%

Test for overall effect: Z = 22.95 (P < 0.00001) 0.01 0 ! 10 100

Favours LDH<cutoff Favours LDH>cutoff

Figure 1| Forest plots showing HR 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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1.7.1 Renal
Armstrong 2012
Atzpodien 2003

1.0332 0.1709 0.9%
0.2624 0.1339 1.4%

Culp 2010 0.5068 0.1407 1.3%
Du 2013 0.005 0.0025 9.1%
Escudier 2007 0.5194 0.1888 0.7%
Motzer 1999 0.9002 0.1245 1.5%
Motzer 2002 1.1725 0.1726 0.9%
Motzer 2013 04517 0.1805 0.8%

Poprach 2014 0.8242 0.2274 0.5%

Shinohara 2012 0.6329 0.2519 0.4%
Shinohara 2013 0.47 0.1912 0.7%
Subtotal (95% CI) 18.3%

Heterogeneity: Tau? = 0.25; Chi? = 188.37, df = 10 (P < 0.00001); I* = 95%

Test for overall effect: Z = 3.83 (P = 0.0001)

1.7.2 Lung
Aoe 2004 03436 0.1085  1.9%
Aoe 2005 03148 0.1074  2.0%
Giaccone 2005 05365 0.1399  1.3%
Giroux 2012 06931 0.2005  0.7%
Kawahara 1997 06729 0.1433  1.2%
Kim 2010 07857 0292  0.3%
Laurie 2007 03075 0.0991  2.2%
Sau 2013 0.2058 0.1259  1.5%
Tamura 1998 03365 0.1517  1.1%
Wang 2014 05939 0.1138  1.8%
Subtotal (95% CI) 14.0%

Heterogeneity: Tau® =
Test for overall effect: Z = 4.78 (P < 0.00001)

1.7.3 Melanoma
Bedikian 2008
Bedikian 2011

0.4194 0.0948
0.4357 0.1225

2.4%
1.6%

Eton 1998 0.5878 0.166 0.9%
Jakob 2012 1.0116 0.1995 0.7%
Meckbach 2014 0.8329 0.1852 0.8%

Neuman 2008 0.3507 0.1257 1.5%

Schmidt 2007 0.7885 0.1625 1.0%
Weide 2012 0.47 0.1059 2.0%
Weide 2013 0.47 01059  2.0%
Subtotal (95% Cl) 12.9%

Heterogeneity: Tau? = 0.02; Chi = 15.67, df = 8 (P = 0.05); I = 49%

Test for overall effect: Z = 8.83 (P < 0.00001)

1.7.4 Nasopharyngeal

Jin 2013 0.4669 0.0806 3.0%
Li2012 0.5068 0.2465  0.5%
Wan 2013 0.9658 0.3053 0.3%
Wei 2014 0.5446 0.176  0.8%
Zhou 2012 11112 0.317 0.3%
Subtotal (95% ClI) 4.9%

Heterogeneity: Tau? =
Test for overall effect: Z = 5.70 (P < 0.00001)

1.7.5 Prostate

Cook 2006 0.7372 0.1558 11%
Halabi 2014 0.3365 0.0959 2.3%
Saito 2007 04818 02357  0.5%
Scher 1999 0.003 0.001 9.1%
Templeton 2014 0.9243 0.213 0.6%
Subtotal (95% Cl) 13.6%

Heterogeneity: Tau? = 0.14; Chi* = 57.13, df = 4 (P < 0.00001); I* = 93%

Test for overall effect: Z = 2.58 (P = 0.010)

1.7.6 Colorectal
Chibaudel 2011
Giessen 2013

He 2013
Mekenkamp 2012
Mekenkamp2 2012
van Kessel 2013
Subtotal (95% CI)

0.5878 0.1103 1.9%
0.239 0.1019 2.1%
-0.0336 0.2162 0.6%
0.6152 0.1139 1.8%
0.5008 0.1296 1.4%
0.4028 0.1298 1.4%
9.3%

Heterogeneity: Tau? = 0.03; Chi* = 13.14, df = 5 (P = 0.02); I* = 62%

Test for overall effect: Z = 4.98 (P < 0.00001)

1.7.7 Sarcoma

Bacci 2000 03293 0.0923  2.5%
Bacci 2004 05878 0.2069  0.6%
Bacci 2007 06471 01267  1.5%
Durnali 2013 21988 0.7249  0.1%
Subtotal (95% CI) 47%

Heterogeneity: Tau? = 0.06; Chi* = 10.29, df = 3 (P = 0.02); I’ = 71%

Test for overall effect: Z = 3.60 (P = 0.0003)

1.7.8 Other

Feliu 2011 0.1196 0.0322 6.9%
Gripp 2007 0.8755 0.2101 0.6%
Han 2003 0.4318 0.1359 1.3%
Hannisdal 1993 0.4055 0.1582 1.0%

Hashimoto 2009 0.5977 0.1818  0.8%

Lagerwaard 1999 0.4383 0.082 2.9%
Pierga 2001 0.6931 0.0829 2.9%
Polee 2003 0.4055 0.1582 1.0%
Sougioultzis 2011 0.5423 0.1289 1.5%
Suh 2010 0.5499 0.1778  0.8%
Tanrikulu 2010 0.8065 0.1765 0.8%
Tonini 1997 1.4061 0.6316  0.1%
Vigan6 2000 0.5878 0.2069 0.6%
‘Yamaguchi 2014 04318 0.149 1.1%
Subtotal (95% Cl) 22.4%

Heterogeneity: Tau? = 0.07; Chi* = 88.25, df = 13 (P < 0.00001); I = 85%

Test for overall effect: Z = 6.24 (P < 0.00001)

Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.00; Chi* = 962.78, df = 63 (P < 0.00001); I* = 93%

Test for overall effect: Z = 22.95 (P < 0.00001)

.05; Chi* = 36.06, df = 9 (P < 0.0001); I*=75%

.02; Chi* = 6.02, df = 4 (P = 0.20); I = 34%

Hazard Ratio Hazard Ratio

281[2.01,3.93] -
1.30 [1.00, 1.69] ~
1,66 [1.26, 2.19] -
1.01[1.00, 1.01]
1.68[1.16, 2.43] -
2.46 [1.93,3.14] -
3.23[2.30, 4.53] -
1.57 [1.10, 2.24] —
228 (146, 3.56]
1.88[1.15,3.09]
1,60 [1.10,2.33] —
1.84[1.35, 2.51] *

1.41[1.14,1.74]
1.37 [1.11, 1.69)
1.71[1.30, 2.25)
2.00 [1.35, 2.96]
1.96 [1.48, 2.60]
2.19[1.24,3.89]
1.36 [1.12, 1.65]
0.81[0.64,1.04] =
1.40 [1.04, 1.88]
1.81[1.45, 2.26]
1.50 [1.27, 1.78]

1.52[1.26, 1.83] -
1.55 [1.22, 1.97) -
1.80 [1.30, 2.49] -
2.75[1.86, 4.07]
2.30 [1.60, 3.31] -
1.42[1.11,182] -
2.20[1.60,3.03] -
1.60 [1.30, 1.97] he
1.60 [1.30, 1.97] -
1.73[1.53, 1.95] ¢+

1.60 [1.36, 1.87)
1.66 [1.02, 2.69]
2.63[1.44,4.78]
1.72[1.22,2.43)
3.04 [1.63, 5.65]
1.82[1.48, 2.24]

2.09[1.54, 2.84]
1.40[1.16, 1.69]
1.62[1.02, 2.57)
1.00 [1.00, 1.00]
2.52[1.66, 3.83]
1.60 [1.12, 2.28]

1.80 [1.45, 2.23]
1.27 [1.04, 1.55)
0.97 [0.63, 1.48] I
1.85 [1.48, 2.31]
1.65 [1.28, 2.13]
1.50 [1.16, 1.93]
1.52[1.29,1.79]

1.39[1.16, 1.67] -
1.80 [1.20, 2.70)
1.91[1.49, 2.45] -
9.01[2.18,37.32)
1.79 [1.30, 2.47] *

1.13[1.06, 1.20] "
2.40[1.59, 3.62]
1.54[1.18, 2.01]
1.50 [1.10, 2.05]
1.82 [1.27, 2.60)
1.55 [1.32, 1.82)
2.00[1.70, 2.35]
1.50 [1.10, 2.05]
1.72[1.34,2.21)
1.73[1.22, 2.46)
2.24[158,3.17]
4.08[1.18, 14.07]
1.80 [1.20, 2.70]
1.54 [1.15, 2.06]
1.69 [1.44, 2.00]

1.48 [1.43,1.53] |

0.01 0.1 1 10 100
Favours LDH<cutoff Favours LDH> cutoff

Test for subgroup differences: Chi? = 4.40, df = 7 (P = 0.73), I = 0%

Figure 2 | Forest plots showing HRs by disease subgroups.

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. This may have introduced substantial heterogeneity,
which may not have been fully accounted for by our use of sensitive
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Hazard Ratio Hazard Ratio

__Study or Subgroup __log[Hazard Ratio] __SE_Weight IV, Random, 95% CI 1V, Random, 95% Cl

1.5.1 Non metastatic

Bacci 2000 0.3293 0.0923  2.5% 1.39[1.16, 1.67]
Giaccone 2005 0.5365 0.1399 1.3% 1.71[1.30, 2.25]
Laurie 2007 0.3075 0.0991 2.2% 1.36 [1.12, 1.65]
Wan 2013 0.9658 0.3053  0.3% 2.63[1.44,4.78]
Wei 2014 0.5446 0.176  0.8% 1.72[1.22, 2.43]
Subtotal (95% CI) 71% 1.54 [1.32, 1.80]

Heterogeneity: Tau? = 0.01; Chi? = 6.52, df = 4 (P = 0.16); I> = 39%
Test for overall effect: Z = 5.53 (P < 0.00001)

¢
1.5.2 Mixed (Non r ic and n ic)
Aoe 2004 0.3436 0.1085 1.9% 1.41[1.14,1.74] -
Aoe 2005 0.3148 0.1074  2.0% 1.37[1.11, 1.69] -
Bacci 2004 0.5878 0.2069  0.6% 1.80[1.20, 2.70] -
Bacci 2007 0.6471 0.1267 1.5% 1.91[1.49, 2.45] -
Du 2013 0.005 0.0025 9.1% 1.01[1.00, 1.01]
Durnali 2013 21988 0.7249  0.1% 9.01[2.18, 37.32] -
Feliu 2011 0.1196 0.0322  6.9% 1.13[1.086, 1.20] "
Giroux 2012 0.6931 0.2005 0.7% 2.00[1.35, 2.96] -
Gripp 2007 0.8755 0.2101 0.6% 2.40[1.59, 3.62] -
Han 2003 0.4318 0.1359 1.3% 1.54[1.18, 2.01] -
Hannisdal 1993 0.4055 0.1582 1.0% 1.50 [1.10, 2.05] -
Hashimoto 2009 0.5977 0.1818  0.8% 1.82[1.27, 2.60] -
Kawahara 1997 0.6729 0.1433 1.2% 1.96 [1.48, 2.60] -
Kim 2010 0.7857 0.292  0.3% 2.19[1.24,3.89] -
Li 2012 0.5068 0.2465 0.5% 1.66 [1.02, 2.69] I
Motzer 1999 0.9002 0.1245 1.5% 2.46[1.93, 3.14] -
Motzer 2002 1.1725 0.1726  0.9% 3.23[2.30, 4.53] -
Polee 2003 0.4055 0.1582 1.0% 1.50 [1.10, 2.05] -
Sau 2013 -0.2058 0.1259 1.5% 0.81[0.64, 1.04] I
Scher 1999 0.003  0.001 9.1% 1.00 [1.00, 1.00]
Suh 2010 0.5499 0.1778 0.8% 1.73[1.22, 2.46] -
Tamura 1998 0.3365 0.1517 1.1% 1.40[1.04, 1.88] I
Tanrikulu 2010 0.8065 0.1765 0.8% 2.24 [1.58, 3.17] -
Tonini 1997 1.4061 0.6316  0.1% 4.08 [1.18, 14.07]
Vigano 2000 0.5878 0.2069  0.6% 1.80[1.20, 2.70] -
Wang 2014 0.5939 0.1138 1.8% 1.81[1.45, 2.26] -
Yamaguchi 2014 0.4318 0.149 1.1% 1.54 [1.15, 2.06] -
Zhou 2012 11112 0317  0.3% 3.04 [1.63, 5.65] -
Subtotal (95% CI) 49.2% 1.20 [1.16, 1.24] |

Heterogeneity: Tau? = 0.00; Chi? = 366.19, df = 27 (P < 0.00001); I = 93%
Test for overall effect: Z =9.92 (P < 0.00001)

1.5.3 Metastatic

Armstrong 2012 1.0332 0.1709  0.9% 2.81[2.01, 3.93] -
Atzpodien 2003 0.2624 01339  1.4% 1.30 [1.00, 1.69] ~
Bedikian 2008 04194 0.0948  2.4% 1,52 [1.26, 1.83] -
Bedikian 2011 04357 01225  1.6% 155 [1.22, 1.97] -
Chibaudel 2011 0.5878 0.1103  1.9% 1.80 [1.45, 2.23] -
Cook 2006 0.7372 01558  1.1% 2.09 [1.54, 2.84] -
Culp 2010 0.5068 0.1407  1.3% 1.66 [1.26, 2.19] -
Escudier 2007 0.5194 0.1888  0.7% 1.68 [1.16, 2.43] -
Eton 1998 0.5878 0.166  0.9% 1.80 [1.30, 2.49] -
Giessen 2013 0.239 01019  2.1% 1.27 [1.04, 1.55] -
Halabi 2014 0.3365 0.0959  2.3% 1.40 [1.16, 1.69)] -
He 2013 -0.0336 02162  0.6% 0.97 [0.63, 1.48] -+
Jakob 2012 1.0116 0.1995  0.7% 2.75[1.86, 4.07] -
Jin 2013 0.4669 0.0806  3.0% 1.60 [1.36, 1.87] -
Lagerwaard 1999 04383 0.082 2.9% 1.55[1.32, 1.82)] -
Meckbach 2014 0.8329 0.1852  0.8% 2.30[1.60, 3.31] -
Mekenkamp 2012 0.6152 0.1139  1.8% 1.85[1.48, 2.31] -
Mekenkamp2 2012 0.5008 0.1296  1.4% 1.65[1.28, 2.13] -
Motzer 2013 0.4517 0.1805  0.8% 1.57 [1.10, 2.24] -
Neuman 2008 0.3507 0.1257  1.5% 1.42[1.11, 1.82] -
Pierga 2001 0.6931 0.0829  2.9% 2.00 [1.70, 2.35] -
Poprach 2014 0.8242 02274  0.5% 2.28 [1.46, 3.56] -
Saito 2007 0.4818 02357  0.5% 1.62[1.02, 2.57] —
Schmidt 2007 07885 0.1625  1.0% 2.20 [1.60, 3.03] -
Shinohara 2012 06329 02519  0.4% 1.88[1.15, 3.09] -
Shinohara 2013 047 01912 0.7% 1.60 [1.10, 2.33] -
Sougioultzis 2011 0.5423 01289  1.5% 1.72[1.34, 2.21] -
Templeton 2014 09243 0213  06% 2.52[1.66, 3.83] -
van Kessel 2013 0.4028 0.1298  1.4% 1.50 [1.16, 1.93] -
Weide 2012 047 01059  2.0% 1.60 [1.30, 1.97] -
Weide 2013 047 01059  2.0% 1.60 [1.30, 1.97] -
Subtotal (95% Cl) 43.6% 1.69 [1.58, 1.81] )

Heterogeneity: Tau? = 0.02; Chi? = 61.37, df = 30 (P = 0.0006); I> = 51%
Test for overall effect: Z = 15.15 (P < 0.00001)

Total (95% CI) 100.0% 1.48 [1.43, 1.53] |
Heterogeneity: Tau? = 0.00; Chi? = 962.78, df = 63 (P < 0.00001); I = 93%
Test for overall effect: Z = 22.95 (P < 0.00001)

Test for subgroup differences: Chi? = 81.74, df = 2 (P < 0.00001), I?> = 97.6%

001 01 1 10 100
Favours LDH< cutoff Favours LDH>cutoff

Figure 3 | Forest plots showing HRs by stage subgroups.
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Hazard Ratio

s s [ | Ratio] SE_Wei V. R 95% CI V. Rand

1.4.1 <250
Atzpodien 2003 02624 01339  1.4% 1.30 [1.00, 1.69]
Bacci 2004 0.5878 0.2069  0.6% 1.80 [1.20, 2.70]
Eton 1998 05878 0.166  0.9% 1.80[1.30, 2.49]
Gripp 2007 08755 02101  0.6% 2.40[1.59, 3.62]
Hashimoto 2009 05977 0.1818  0.8% 1.82[1.27, 2.60]
Jin 2013 0.4669 0.0806  3.0% 1.60 [1.36, 1.87]
Li 2012 0.5068 0.2465  0.5% 1.66 [1.02, 2.69]
Neuman 2008 0.3507 01257  1.5% 1.42[1.11,1.82]
Scher 1999 0003 0001 91% 1.00 [1.00, 1.00]
Sougioultzis 2011 05423 01289  15% 1.72[1.34, 2.21]
Wan 2013 0.9658 0.3053  0.3% 2,63 [1.44, 4.78]
Wang 2014 05939 0.1138  1.8% 1.81[1.45, 2.26]
Wei 2014 05446 0176  0.8% 1.72 [1.22, 2.43]
Zhou 2012 11112 0317 0.3% 3.04 [1.63, 5.65]
Subtotal (95% Cl) 23.1% 1.71[1.38, 2.12]

Heterogeneity: Tau? = 0.14; Chi* = 173.06, df = 13 (P < 0.00001); I> = 92%
Test for overall effect: Z =4.92 (P < 0.00001)

1.4.2 250-300
Armstrong 2012 1.0332 01709  0.9% 2.81[2.01, 3.93]
Bacci 2000 0.3293 0.0923 25% 1.39[1.16, 1.67]
Bacci 2007 0.6471 01267 15% 1.91[1.49, 2.45]
Bedikian 2011 04357 01225 1.6% 1.55 [1.22, 1.97]
Chibaudel 2011 05878 0.1103  1.9% 1.80 [1.45,2.23]
Durnali 2013 21988 07249 0.1%  9.01[2.18,37.32]
Giaccone 2005 05365 0.1399  1.3% 1.71[1.30, 2.25]
Giessen 2013 0239 01019  21% 1.27 [1.04, 1.55]
Halabi 2014 0.3365 0.0959  2.3% 1.40 [1.16, 1.69]
Han 2003 04318 01359  1.3% 1.54 [1.18, 2.01]
He 2013 -0.0336 0.2162  0.6% 0.97 [0.63, 1.48]
Jakob 2012 1.0116 0.1995  0.7% 2.75[1.86, 4.07]
Kawahara 1997 06729 0.1433  1.2% 1.96 [1.48, 2.60]
Kim 2010 07857 0292 0.3% 2.19[1.24, 3.89]
Lagerwaard 1999 04383 0082 29% 1.55[1.32, 1.82]
Laurie 2007 03075 0.0991  2.2% 1.36 [1.12, 1.65]
Meckbach 2014 08329 01852  0.8% 2.30 [1.60, 3.31]
Mekenkamp 2012 06152 0.1139  1.8% 1.85[1.48, 2.31]
Mekenkamp2 2012 0.5008 0.1296  1.4% 1.65[1.28, 2.13]
Motzer 1999 0.9002 0.1245 15% 2.46 [1.93, 3.14]
Pierga 2001 06931 00829 2.9% 2.00 [1.70, 2.35]
Polee 2003 04055 01582  1.0% 1.50 [1.10, 2.05]
Sau 2013 -0.2058 0.1259  1.5% 0.81[0.64, 1.04]
Tamura 1998 0.3365 0.1517  1.1% 1.40 [1.04, 1.88]
Templeton 2014 09243 0213  06% 2.52 [1.66, 3.83]
Weide 2012 047 01059  2.0% 1.60 [1.30, 1.97]
Weide 2013 047 01059 2.0% 1.60 [1.30, 1.97]
Yamaguchi 2014 04318 0149  1.1% 1.54 [1.15, 2.06]
Subtotal (95% Cl) 41.3% 1.67 [1.52, 1.84]

Heterogeneity: Tau? = 0.05; Chi* = 106.95, df = 27 (P < 0.00001); I* = 75%
Test for overall effect: Z = 10.45 (P < 0.00001)

1.4.3 301-400

Du 2013 0.005 0.0025 9.1% 1.01[1.00, 1.01]
Escudier 2007 0.5194 0.1888 0.7% 1.68 [1.16, 2.43]
Hannisdal 1993 0.4055 0.1582 1.0% 1.50 [1.10, 2.05]
Motzer 2002 1.1725 0.1726 0.9% 3.23[2.30, 4.53]
Motzer 2013 0.4517 0.1805 0.8% 1.57 [1.10, 2.24]
Poprach 2014 0.8242 0.2274 0.5% 2.28 [1.46, 3.56]
Saito 2007 0.4818 0.2357 0.5% 1.62[1.02, 2.57]
Shinohara 2012 0.6329 0.2519 0.4% 1.88[1.15, 3.09]
Shinohara 2013 0.47 0.1912 0.7% 1.60[1.10, 2.33]
van Kessel 2013 0.4028 0.1298 1.4% 1.50 [1.16, 1.93]
Subtotal (95% CI) 16.2% 1.69 [1.27, 2.24]

Heterogeneity: Tau? = 0.18; Chi*> = 104.15, df =9 (P < 0.00001); I> = 91%
Test for overall effect: Z = 3.62 (P = 0.0003)

1.4.4 >400
Aoe 2004 0.3436 0.1085  1.9% 1.41[1.14, 1.74]
Aoe 2005 0.3148 01074  2.0% 1.37 [1.11, 1.69]
Bedikian 2008 04194 00948  2.4% 1.52[1.26, 1.83]
Cook 2006 07372 01558  1.1% 2.09 [1.54, 2.84]
Culp 2010 0.5068 0.1407  1.3% 1.66 [1.26, 2.19]
Feliu 2011 0.1196 0.0322  6.9% 1.13[1.06, 1.20]
Giroux 2012 0.6931 02005 0.7% 2.00 [1.35, 2.96]
Schmidt 2007 07885 0.1625  1.0% 2.20 [1.60, 3.03]
Suh 2010 05499 01778  0.8% 1.73 [1.22, 2.46]
Tanrikulu 2010 0.8065 0.1765  0.8% 2.24 [1.58, 3.17)]
Tonini 1997 14061 06316 0.1%  4.08[1.18, 14.07]
Vigané 2000 0.5878 0.2069  0.6% 1.80 [1.20, 2.70]
Subtotal (95% Cl) 19.5% 1.69 [1.42, 2.01]

Heterogeneity: Tau? = 0.07; Chi? = 68.42, df = 11 (P < 0.00001); I = 84%
Test for overall effect: Z=5.87 (P < 0.00001)

Total (95% CI) 100.0% 1.48 [1.43, 1.53]
Heterogeneity: Tau? = 0.00; Chi? = 962.78, df = 63 (P < 0.00001); I> = 93%

Test for overall effect: Z = 22.95 (P < 0.00001)

Test for subgroup differences: Chi? = 0.04, df = 3 (P = 1.00), I = 0%

Figure 4 | Forest plots showing HRs by LDH cutoffs.
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Hazard ratio for overall survival

400 600 800 1000
LDH cutoff

Figure 5 | Study-level (i.e., at the individual publication level) association
of the cutoff used to define LDH and the HR for overall survival. Each
study is represented by a circle, and the area of the circleis proportional to
the number of patients enrolled in each study. The gradient of the dashed
line represents the results of the meta-regression ( = 1.000138).

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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