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Abstract
Purpose: Previous studies have provided evidence of the high expression of lactate 
dehydrogenase (LDH) in multiple solid tumors; however, its prognostic relationship 
with metastatic prostate cancer (mPCa) remains controversial. We performed a meta-
analysis to better understand the prognostic potential of LDH in mPCa.
Methods: In our investigation, we included PubMed, Embase, Web of Science, and 
Cochrane Library as web-based resources, as well as studies published before January 
2020 on the predictive value of LDH in mPCa. We independently screened the studies 
according to the inclusion and exclusion criteria, evaluated the quality of the literature, 
extracted the data, and used RevMan 5.3 and STATA12.0 software for analysis.
Result: From the 38 published studies, the records of 9813 patients with mPCa 
were included in this meta-analysis. We observed that higher levels of LDH in pa-
tients with mPCa were significantly associated with poorer overall survival (OS) 
(HR = 2.17, 95% CI: 1.91-2.47, P <  .00001) and progression-free survival (PFS) 
(HR = 1.60, 95% CI: 1.20-2.13, P = .001). The subgroup analyses indicated that the 
negative prognostic impact of higher levels of LDH on the oncologic outcomes of 
mPCa was significant regardless of ethnicity, publication year, sample size, analysis 
type, treatment type, age, and disease state.
Conclusion: Our analysis suggested the association between a higher level of LDH 
and poorer OS and PFS in patients with mPCa. As a parameter that can be conveni-
ently evaluated, the LDH levels should be included as a valuable biomarker in the 
management of mPCa.
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1 |  INTRODUCTION

Prostate cancer (PCa) is the most common malignancy of the 
male genitourinary system globally, with the highest death 

rate among men with neoplasias in the genitourinary system, 
and with nearly 1.3 million new cases and 350,000 deaths 
per year.1 Most patients have been diagnosed with metastatic 
prostate cancer (mPCa) during initial diagnosis,2 and several 
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studies have shown that almost all patients inevitably develop 
castration-resistant prostate cancer (CRPC) after treatment.3 
To date, a variety of biomarkers have been employed in the 
management of PCa,4-6 such as the prostate-specific anti-
gen (PSA) or alkaline phosphatase (AKP) levels.7 The PSA 
is an internationally recognized marker of PCa. However, 
its influencing factors are extensive and lack specificity.8-10 
Therefore, a search for novel biomarkers is necessary for PCa 
management.

Lactate dehydrogenase (LDH) is a glycolytic enzyme 
with five isozymes widely found in human tissues.11 The 
tumor microenvironment plays a vital role in tumor prog-
nosis.12 Studies have shown that LDH plays a vital role in 
tumor metabolism, proliferation, invasion, and metastasis.13 
It has been reported that the LDH levels are significantly 
high in several malignant tumors, and have prognostic value 
for various solid tumors.14-16 Serum LDH is easy to extract 
and its levels can be determined through simple processes. 
Multiple studies have reported an association between LDH 
and the oncologic outcomes in mPCa. Unfortunately, most 
such studies had a small sample size and the results were 
controversial. Therefore, we performed this meta-analysis to 
comprehensively analyze the findings from such studies and 
to further evaluate the prognostic value of LDH in patients 
with mPCa.

2 |  METHODS

2.1 | Retrieval strategy

We retrieved relevant data from PubMed, Embase, Web of 
Science, and Cochrane Library published during the period 
from their inception to January 2020. The retrieval terms 
used were “Metastatic PC or metastatic prostate cancer,” 
“LDH or lactate dehydrogenase,” and “overall survival or OS 
or mortality or survival or prognostic value or progression-
free survival or PFS.”

2.2 | Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Articles published 
as original articles; (2) The hazard ratio (HR) and a 95% 
confidence interval (CI) of the levels of LDH for oncologic 
outcomes were provided; (3) Articles that analyzed the rela-
tionship between LDH and the oncologic outcomes in mPCa; 
(4) articles that were published in English.

The exclusion criteria were as follows: (1) Articles pub-
lished as reports, reviews, editorials, conference abstracts; (2) 
Failure to provide complete information, or unclear diagno-
sis; (3) Animal studies; and (4) Duplicate publications, poor 
quality, and other unusable articles.

2.3 | Data extraction and 
qualitative assessment

Two researchers independently conducted the literature 
screening and data extraction and consulted a third researcher 
for help regarding addressing inconsistencies. For data ex-
traction, the following were included: name of first author, 
publication year, country, sample size, age, analysis method, 
oncologic outcome, treatment type, LDH cutoff level, HR, 
and 95% CI; the Newcastle-Ottawa Scale (NOS) criteria was 
used to assess the methodological quality of the included 
studies.17 A study with a total score of 9 points and a score of 
6 points was included in the study.

2.4 | Statistical analysis

The heterogeneity of each study was evaluated using the I2 test. 
When the P-value from the heterogeneity test was <.05 or the 
I2 > 50%, the random effect model was used for the pooling 
analysis, or a fixed-effect model was used. In addition, a sub-
group analysis was performed based on the ethnicity, publica-
tion year, sample size, analysis type, treatment type, and age to 
evaluate the potential sources of heterogeneity. The sensitiv-
ity analysis was also applied by eliminating a single study in a 
queue to identify the potential sources of heterogeneity. In addi-
tion, we evaluated the publication bias using the Begg and Egger 
tests.18,19 When there was significant publication bias, we used 
the trim and fill method to assess whether the publication bias 
affected the stability of the overall estimate.20 A P-value < .05 
indicated statistical significance. For the subgroup analysis, 
sensitivity analysis, and determination of the publication bias, 
the STATA version 12.0 was used, and other statistical analyses 
were performed using the Review Manager version 5.3.

3 |  RESULTS

3.1 | Search results and description

A total of 473 studies were retrieved in the initial search. 
After the layer-by-layer screening, 171 duplicate and 251 
irrelevant studies were excluded. Thereafter, 51 studies re-
mained for the full-text screening, and 13 studies were fur-
ther excluded during the same. Ultimately, 38 studies were 
included in the meta-analysis (Figure 1).

3.2 | Baseline characteristics of the 
included studies

The characteristics of the included studies are presented in 
Table 1. The publication year ranged from 1998 to 2020, and 
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there were 38 studies21-58 with a total sample size of 9813 
cases; 29 studies were conducted in European and American 
countries, and the rest were conducted in Asian countries; 37 
studies described the relationship between LDH levels and 
overall survival (OS), 9 studies explored the association be-
tween LDH and progression-free survival (PFS), 6 studies 
elaborated on castration-sensitive prostate cancer (CSPC), 
and 33 studies discussed CRPC. All studies receive a scored 
from 6 to 8, suggesting that the studies were of moderate to 
high quality, and therefore, could be included.

3.3 | Results of the meta-analyses

There were 37 studies that investigated the relationship be-
tween LDH levels and OS. The heterogeneity test revealed 
the existence of heterogeneity in all 37 studies; hence, a ran-
dom effect was used (I2 = 65%, P < .00001). The results of 
the meta-analysis suggested that a higher level of LDH in 
patients with mPCa was significantly associated with poorer 
OS (HR = 2.17, 95% CI: 1.91-2.47, P < .00001). In addition, 
nine studies evaluated the relationship between LDH levels 
and PFS. With observable heterogeneity in these nine stud-
ies (I2 = 65%, P = .004), a random effect was used. The re-
sults of the meta-analysis indicated that a higher LDH level in 
patients with mPCa was significantly correlated with poorer 
PFS (HR = 1.60, 95% CI: 1.20-2.13, P = .001)(Figure 2).

3.4 | Subgroup analysis

To explore the potential sources of heterogeneity of the 
combined HR for the oncologic outcomes, we conducted a 

subgroup analysis based on ethnicity (Caucasian and Asian), 
publication year (before and after 2017), sample size (≥100 
and <100), analysis type [multivariate analysis (MVA) and 
univariate analysis (UVA)], treatment type [E (endocrine 
therapy), C (chemotherapy) and E&C (combined endocrine 
and chemotherapy)], age (>>70 and ≤70 years), and disease 
state (CRPC and CSPC). We observed that higher LDH lev-
els were closely associated with poorer OS in patients with 
mPCa. With no significant heterogeneity source observed 
(Table 2), a sensitivity analysis was used.

In addition, the result indicated that the LDH levels were 
significantly associated with poorer PFS in patients with 
mPCa (Table 3). Furthermore, it was observed that there was 
one subgroup in which the heterogeneity of the combined 
HR for PFS was removed, suggesting that the treatment type 
might be the primary source of heterogeneity of the com-
bined HR for PFS. From the subgroup analysis for PFS, the 
results of the subgroup for ethnicity (Caucasian), publication 
year (before 2017), and age (>70) indicated that higher LDH 
levels were not related to poorer PFS in patients with mPCa, 
with all P-values >.05 (Figure 3).

3.5 | Sensitivity analysis

The sensitivity analysis was performed to determine the 
source of heterogeneity, as well as to confirm the stability 
of the combined HR for oncologic outcomes. By eliminating 
single studies in a queue, we observed that the heterogene-
ity of the combined HR for OS was removed after exclud-
ing a study44 (I2  =  48%, HR  =  2.03, 95% CI: 1.86-2.26) 
(Figure 4A), suggesting that this study might have been the 
primary source of heterogeneity of the combined HR for 
OS. There was no significant change in HR before and after 
the exclusion, indicating that the combined HR for OS was 
robust.

Although the treatment type might have been the primary 
source of heterogeneity of the combined HR for PFS, we still 
conducted a sensitivity analysis to determine whether the com-
bined HR for PFS was robust. By excluding a single study in 
a queue, we observed that the heterogeneity of the combined 
HR for PFS was removed when a specific study34 was ex-
cluded (I2 = 0%, HR = 1.82, 95% CI: 1.54-2.16) (Figure 4B), 
indicating that this study might have been the primary source 
of heterogeneity of the combined HR for OS. There was no 
significant change in HR before and after the exclusion, sug-
gesting that the combined HR for PFS was robust.

3.6 | Publication bias

The Begg's funnel plot and Egger's tests were performed to 
assess the publication bias in this meta-analysis (Table  4). 

F I G U R E  1  Flow diagram of studies retrieval process
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T A B L E  1  Baseline characteristics of included studies

First Author Year Country N Method Outcome
Age 
(year)

Cut-off 
(U/L) Treatment NOS

Furuya 1998 Japan 139 MVA OS 75 ULN E 8

Furuya 2003 Japan 59 MVA OS 73 ULN E 7

Berruti 2005 Italy 108 MVA OS 74 398 E 6

D'AMICO 2005 USA 213 MVA/UVA OS 72 197.3 C, E 7

TAPLIN 2005 USA 390 MVA OS 70 208.5 E 7

Cook 2006 Canada 643 MVA/UVA OS 71.7 454 Z 7

Saito 2007 Japan 241 MVA OS 72.3 400 E 8

Smith 2007 USA 643 MVA/UVA PFS 72 454 B 6

Naruse 2007 Japan 60 MVA OS 72 ULN E 7

Goodman 2009 USA 100 MVA/UVA OS 71 NA C 7

Tucci 2009 Italy 192 MVA OS 73 NA C, E 8

Scher 2009 USA 164 MVA OS 70 223 C 7

Sasaki 2011 Japan 87 MVA/UVA OS 75 250 E 8

Armstrong 2013 USA 201 MVA/UVA OS, PFS 72 204 I 8

Schellhammer 2013 USA 512 MVA/UVA OS 71 NA I 7

Omlin 2013 UK 259 MVA/UVA OS 62.1 NA C 7

2013 UK 183 MVA/UVA OS 62 NA E 7

Sonpavde 2014 USA 847 MVA/UVA OS 68 ULN M 7

Templeton 2014 Canada 357 MVA/UVA OS 71 1.2*ULN C 7

Punnoose 2015 UK 76 MVA/UVA OS 68.9 ULN E 7

Gravis 2015 France 385 UVA OS 63 ULN C, E 7

Caffo 2015 Italy 134 MVA/UVA OS 57 382 C 7

Hung 2016 Japan 80 MVA/UVA OS, PFS 64.6 NA E 6

Shigeta 2016 Japan 106 MVA/UVA OS, PFS 73 206 C 6

Kongsted 2016 Denmark 421 MVA/UVA OS 70 ULN C 8

Mikah 2016 Germany 84 MVA/UVA OS 69 ULN E 7

Sonpavde 2017 USA 794 MVA OS 68or69 ULN E 7

Boegemann 2017 Germany 96 MVA/UVA OS, PFS 70 251 E 7

Buttigliero 2017 Italy 89 MVA/UVA OS, PFS 68 ULN C 8

Khalaf 2017 Canada 197 MVA OS 80 ULN E 7

Rahbar 2017 Germany 104 UVA OS 70 225 R 6

Mehra 2018 UK 571 MVA OS, PFS 68or69 NA C 7

Conteduca 2018 Italy 197 MVA OS, PFS 73 225 E 7

Okamoto 2018 Japan 339 MVA OS, PFS 72 222 E 7

Uemura 2018 Japan 48 MVA/UVA OS 71.2 262 C 7

Oh 2018 USA 198 MVA OS 79 209 E 6

2018 USA 147 MVA OS 74 278 C 6

Vanderdoelen 2018 Netherland 45 UVA OS 71 250 R 7

Yordanova 2020 Germany 137 MVA OS 71 248 R 8

Shimodaira 2020 Japan 167 MVA OS 74.8 240 E 7

Abbreviations: C, chemotherapy; E, endocrine therapy; I, immunotherapy; M, molecular targeted therapy; MVA, multivariate analysis; N, number of patients; NA, not 
available; NOS, Newcastle-Ottawa Scale; OS, overall survival; PFS, progression-free survival; R, radiotherapy; ULN, upper limit of normal; UVA, univariate analysis.
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The Begg's funnel plot showed symmetry, and the Egger's 
test suggested that there was no significant publication bias 
for PFS. For OS, although the Begg's funnel plot showed 

asymmetry and the Egger's test indicated that there was no 
significant publication bias, we still employed the trim and 
fill method to estimate the stability of the combined HR for 

F I G U R E  2  Forest plot of association between LDH and oncologic outcomes
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OS. Moreover, the Begg's test might generate false posi-
tives.59 The results indicated that the adjusted funnel plots for 
OS became symmetrical (Figure 5), and that the combined 
HR (HR = 1.871, 95% CI: 1.561-2.642) for OS only changed 
negligibly after the trim and fill method was applied, indicat-
ing the stability and reliability of our analysis.

4 |  DISCUSSION

In this meta-analysis, we assessed the prognostic value of 
LDH in patients with mPCa by measuring the oncologic out-
comes. The results showed that higher levels of LDH are as-
sociated with poorer OS and PFS in patients with mPCa (the 
risk of poorer OS and PFS associated with higher LDH levels 
is 117% and 60% greater than those with lower levels of LDH, 
respectively), suggesting that LDH plays a crucial prognos-
tic role in the development of mPCa. The subgroup analysis, 
sensitivity analysis, publication bias determination method, 
and the trim and fill method adopted in our study all indicate 

that the combined HR for oncologic outcomes is stable and 
reliable.

The results of the subgroup analysis suggested the as-
sociation between patient age and the levels of LDH which 
may affect the OS. The elderly (HR = 2.46, 95% CI: 2.05-
2.96) were at a greater risk than the younger patients, which 
might be attributed to the condition of the patient and the 
shorter life expectancy. The group PFS revealed an opposite 
outcome, and the result might be attributed to the adverse 
effects of higher LDH levels in the growth of the lower 
age subgroup over time, which subsequently increases the 
risk of disease progression. Concurrently, from the sub-
group analysis of PFS, we observed that the subgroups of 
ethnicity (Caucasian), publication year (before 2017), and 
age (>70) showed that higher LDH levels were not related 
to poorer PFS in patients with mPCa. We believe this may 
have resulted from the absence of studies on the relation-
ship between LDH levels and PFS in mPCa. Meanwhile, 
a large number of prospective studies are required to con-
firm this. In addition, there is an association between the 

T A B L E  2  Summary of overall and subgroup analyses for LDH on OS

Studies (n)
Combined HR 
(95%CI) Weight(%) I2 χ2 P-value

Overall 39 2.17 (1.91-2.47) 100.0 65% 107.82 <.00001

Ethnicity

Caucasian 29 2.15 (1.86-2.50) 81.0 71% 96.37 <.00001

Asian 10 2.18 (1.72-2.77) 19.0 21% 11.38 .25

Issuing time

Before 2017 25 2.04 (1.78-2.33) 64.8 50% 48.22 .002

After 2017 14 2.42 (1.83-3.21) 35.2 77% 57.12 <.00001

Size

≥100 29 2.12 (1.84-2.45) 85.1 72% 100.65 <.00001

<100 10 2.42 (1.85-3.16) 14.9 0% 5.86 .75

Method

MVA 35 2.24 (1.96-2.56) 60.7 64% 95.19 <.00001

UVA 22 2.44 (1.88-3.17) 39.3 88% 174.50 <.00001

Treatment

E 18 2.13 (1.82-2.48) 53.7 40% 28.18 .04

C 11 2.39 (1.66-3.44) 35.0 84% 60.63 <.00001

E&C 3 2.11 (1.64-2.71) 11.3 0% 0.97 .61

Age (y)

>70 22 2.46 (2.05-2.96) 52.6 59% 51.18 .0002

≤70 17 1.89 (1.58-2.26) 47.4 68% 49.86 <.0001

Disease state

CRPC 33 2.16 (1.87-2.49) 87.6 69% 103.08 <.0001

CSPC 6 2.23 (1.75-2.85) 12.4 0% 4.37 .5

Abbreviations: C, chemotherapy; CI, confidence interval; CRPC, castration-resistant prostate cancer; CSPC, castration-sensitive prostate cancer; E, endocrine therapy; 
MVA, multivariate analysis; UVA, univariate analysis.
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treatment type and the levels of LDH expression that may 
affect the OS. The chemotherapy group (HR = 2.39, 95% 
CI: 2.66-3.44) had a greater risk of poor OS than the endo-
crine and combination therapy groups (HR = 2.13, 95% CI: 
1.82-2.48, HR = 2.11, 95% CI: 1.64-2.71). We inferred that 
these might be related to the side effects of chemotherapy 
that are more harmful to the human body and patient intol-
erance. Moreover, the results of the disease state subgroup 
(CRPC and CSPC) showed that higher LDH levels were sig-
nificantly associated with poorer OS in patients with mPCa 
(HR = 2.16, 95% CI: 1.87-2.49, HR = 2.23, 95% CI: 1.75-
2.85). In other words, LDH might be a potential biomarker 
for treatment selection as well as for PCa. In addition, the 
results of the subgroup analysis revealed that the HRs of 
oncologic outcomes of studies published after 2017 were 
higher than of those published before 2017. It is speculated 
the incidence of PCa has increased and its detection rate has 
increased as well due to advancements in medical diagnos-
tics. The comprehensive management of PCa is not com-
pletely systematic and does not yet involve individualized 
clinical guidance.

Abnormally enhanced glycolytic metabolism is one of 
the significant biological characteristics of tumor cells. The 
production of lactic acid during glycolysis may promote 
tumor development.60 Lactate dehydrogenase catalyzes the 
reversible reaction of the conversion of pyruvate to lactic 
acid, which plays a critical role in glycolysis in tumor cells.61 

Lactate dehydrogenase is a key enzyme in glycolysis and is 
associated with the survival and proliferation of 231 types of 
oncogenic cells.62 Although multiple studies have reported 
that LDH is related to the prognosis of several solid tumors, 
the specific mechanism underlying the process remains un-
clear and may be related to the Warburg effect.63,64

This meta-analysis offers several advantages. First, the 
analysis increased persuasion of the current evidence by 
providing a large sample size. Second, the studies selected 
have an encouraging representation, as studies conducted in 
nine countries were included. Furthermore, both the sensi-
tivity analysis and the trim and fill method indicated that the 
result was robust. However, this study also has certain lim-
itations. First, although there was no significant publication 
bias, most of the included studies were designed retrospec-
tively, and therefore, more prospective studies are required to 
validate our analysis. Second, certain negative results might 
have remained unpublished, which may have led to a pub-
lication bias. Finally, the cutoff values were used to define 
the higher LDH levels, although the findings of the included 
studies were inconsistent with respect to this parameter; this 
would make it difficult for doctors to take clinical decisions 
based on LDH levels. Meanwhile, the LDH levels could have 
been affected by other factors, such as hepatobiliary disease, 
lymphoma, and heart disease among others. Some of the in-
cluded studies did not distinctly state whether mPCa patients 
with these conditions were excluded. Therefore, a more 

T A B L E  3  Summary of overall and subgroup analyses for LDH on PFS

Studies (n) Combined HR (95%CI) Weight (%) I2 χ2 P-value

Overall 9 1.60 (1.20-2.13) 100.0 65% 22.7 .004

Ethnicity

Caucasian 6 1.55 (0.98-2.45) 66.8 78% 22.67 .0004

Asian 3 2.18 (1.72-2.77) 19.0 21% 0.02 .99

Issuing time

Before 2017 4 1.25 (0.65-2.40) 40.1 79% 14.41 .002

After 2017 5 1.86 (1.53-2.25) 59.9 0% 3.45 .48

Size

≥100 6 1.54 (1.05-2.26) 72.5 76% 20.97 .0008

<100 3 1.77 (1.23-2.56) 27.5 0% 1.52 .47

Method

MVA 9 1.60 (1.20-2.13) 64.6 65% 22.70 .004

UVA 5 1.74 (1.12-2.71) 35.8 72% 14.21 .007

Treatment

E 4 1.86 (1.51-2.30) 70.3 0% 1.60 .66

C 3 1.73 (1.25-2.40) 29.7 0% 1.92 .38

Age (y)

>70 5 1.42 (0.93-2.19) 62.4 79% 19.10 .0008

≤70 4 1.93 (1.41-2.63) 37.6 0% 2.23 .53

Abbreviations: C, chemotherapy; CI, confidence interval; E, endocrine therapy; MVA, multivariate analysis; UVA, univariate analysis.
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elaborate study design and an extended follow-up are still 
required to explore the prognostic value of LDH in mPCa.

5 |  CONCLUSIONS

Our meta-analysis revealed that patients of mPCa with high 
LDH expression had poorer oncologic outcomes than those 
with low expression, with significant statistical differences. 
LDH is a prognostic biomarker in mPCa, and plays an im-
portant role in the proliferation of tumor cells. Moreover, the 

subgroup analysis confirmed that LDH is a useful prognostic 
factor in patients with CRPC and CSPC. Based on this, we 
recommend the use of LDH as a valuable biomarker in the 
management of mPCa.

F I G U R E  3  Forest plot of association between LDH and PFS. A: Association between LDH and PFS in ethnicity. B: Association between 
LDH and PFS in publication year. C: Association between LDH and PFS in age

F I G U R E  4  Sensitivity analysis of 
oncologic outcomes. A.Sensitivity analysis 
of OS. B,Sensitivity analysis of PFS

T A B L E  4  Publication bias of OS and PFS

Group
P-value (Begg's 
test)

P-value 
(Egger's test)

OS .045 .478

PFS .917 .459

Abbreviations: OS, overall survival; PFS, progression-free survival.

F I G U R E  5  Funnel plot of trim and fill analysis
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