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Introduction
Lactate dehydrogenase (LDH) is a metabolic enzyme expressed by several tissues, which 

catalyzes the interconversion of pyruvate and lactate during glycolysis and gluconeogenesis 
[1]. Many cancers have higher levels of LDH than normal tissues [1,2]. Finally, the evidence 
of increased LDH serum levels have appeared to play a negative prognostic significance in 
terms of both survival time [1] and resistance to chemotherapy and radiotherapy [2]. It is 
also known that cancer cells are characterized by an enhanced glucose uptake, glycolysis, 
and lactate production. A large amount of pyruvate in cancer cells is converted into lactate 
by LDH [2]. Moreover, the excess of lactate transported out of the cytoplasm may influence 
the microenvironment and promote interactions between cancer cells and stromal cells 
with their tumor growth factors, which allows an increased cell invasion and migration [1-
3]. LDH was one of the first tumor biomarkers provided by prognostic significance to be 
introduced into clinical practice. More recentlly, another fundamental biomarker has been 
identified, consisting of the lymphocyte-to-monocyte ratio (LMR), since the evidence of 
abnormally low values of LMR has appeared to predict a poor prognosis, being associated 
with a lower survival and a less response to the various antitumor therapies [4]. This finding 
is not surprising by taking into consideration that lymphocytes are the main cells involved 
in tumor cell destruction [5,6], and that monocyte count has been proven to reflect cancer-
related inflammatory status and the activation of the macrophage system [7,8], as well as 
tumor macrophage infiltration and activation of the regulatory T lymphocytes [9], which 
represent the main cells reponsible for the suppression of the antitumor immunity [10-12]. 
Generally, the negative prognostic significance of LDH is explained in terms of a correlation to 
tumor mass and extension [1,2]. However, because of the influence of lactate on the metabolic 
activity of most cells, including lymphocytes, the evidence of abnormally high levels of LDH 
could also induce an altered immune function, producing an immunosuppressive status. On 
these bases, a preliminary study was performed, in an attempt to evaluate which relationships 
may exist between LDH serum levels and LMR in a group of metastatic cancer patients.
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Materials and Methods
The study included 100 consecutive patients affected by 

metastatic solid neoplasms. Eligibility criteria were, as follows: 
histologically proven solid neoplasm, metastatic disease, 
measurable lesions, no double tumor, and no chronic therapy with 
corticosteroids, because of their inhibitory influence on lymphocyte 
generation. The clinical characteristics of patients are reported in 
Table 1. Venous blood samples were collected in the morning after 
an over-night fast. Serum levels of LDH were measured by an enzyme 
immunoassay and commercial kits. Normal values obtained in our 
laboratory (95% confidence limits) were below 250U/L. Data were 
reported as mean +/- SE, and statistically analyzed by the Student’s 
t test, coefficient of correlation and chi-square test, as appropriate.

Table 1: Clinical characteristics of 100 metastatic cancer 
patients.

Characteristics N

M/F 58/42

Median Age 66 (28-83)

Tumor histotype  

Breast cancer 32

Lung cancer 26

Colorectal cancer 14

Gastric cancer 11

 Pancreatic adenocarcinoma 8

Gynecologic tumors 7

Bladder cancer 2

Metastasis sites  

Soft tissues 5

 Bone 10

 Lung 31

 Liver 22

 Liver + lung 16

 Serouses 9

Brain 7

Result
LDH and LMR mean values are reported in Table 2. Abnormally 

high serum levels of LDH and abnormally low values of LMR 
were respectively observed in 32 (32%) and in 36 (36%) cancer 
patients. LMR mean values observed in patients with high LDH 
concentrations were significantly lower than those found in 
patients with normal LMR values (P< 0.05). On the other hand, 
patients with abnormally low values of LMR had LDH mean levels 
significantly higher than patients with normal LMR (P< 0.05), even 
though no significant correlation was seen between LMR values 
and LDH serum concentrations (r= -0.3).

Table 2: Mean(+/SE) values of LMR and LDH serum levels 
in 100 metastatic cancer patients.

Parameter  

LDH (U/L) LMR

Normal values (n=68)  4.5 +/- 0.3*

High values (n=32)  2.6 +/- 0.5

LMR LDH

Normal values (n=64) 238 +/- 31 U/L

Low values (n=36) 389 +/- 41** 

*P<0.05 vs high LDH levels; **P<0.05 vs normal LMR values

Discussion
This preliminary study, by showing higher levels of LDH in 

patients with abnormally low values of LMR, would suggest that 
LDH blood concentrations does not reflect only tumor mass and 
extension, but also cancer-related immunosuppressive status, 
because of the possible negative influence of lactate on lymphocyte 
proliferation and functions. This finding could also explain the 
lower efficacy of cancer immunotherapy with IL-2 [13] or anti-
PD1 monoclonal antibodies [14] in the presence of abnormally 
high levels of LDH. In any case, further studies will be necessary to 
establish which lymphocyte subset may be particularly influenced 
by LDH levels, including TH1 and T reg lymphocytes. Moreover, 
successive studies will be required to establish whether the 
association of low LMR values with high levels of LDH may furtherly 
enhance the already negative prognostic significance of LDH levels 
themselves.
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