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ARTICLE INFO ABSTRACT

Keywords: Objective: Recent studies have suggested that high grade gliomas are associated with elevated serum lactate
Glioma concentrations. The aim of the present study is to assess these findings in a sample of patients.

L“mate Patients and methods: We reviewed the anesthetic charts of patients with low-grade and high-grade glioma who
Biomarker underwent resection surgery and collected serum lactate concentration before tumor resection, as well as other
Eigr?z:cology demographic and tumor-related data (age, gender, WHO grade, and size of the tumor). A statistical comparison
Neurosurgery between patients with normal (< 2 mmol/L) and elevated (= 2 mmol/L) serum lactate was performed.

Results: We included a total of 152 patients (mean age 49.07 years). 62.5% of patients (n = 95) had a high-grade
glioma and 37.5% (n = 67) a low-grade glioma. The multivariate regression showed that high grade gliomas had
significantly higher lactate concentration (p < 0.01). The OR for elevated pre-resection serum lactate increased
from 4.94 to 14.33 after adjusting for age and pre-surgical corticosteroid use, and the AUC for the final re-
gression model was 0.98.

Conclusion: This study reinforces the role of serum lactate as a potential biomarker of brain tumors malignancy,
and its results encourage further research on this subject, in order to improve the understanding of this phe-

nomenon and to assess its potential as prognostic and therapeutic monitoring tool.

1. Introduction

Malignant gliomas are the most common type of primary malignant
brain tumors [1]. Glioblastoma(GBM) is a high grade glioma (WHO
grade IV) and the most common primary central nervous system(CNS)
tumor in European countries and USA [2]. The etiology of GBM is still
under debate, but both genetic and epigenetic factors are involved, and
glioma stem cells have a major role. The 2016 edition of the World
Health Organization (WHO) classification of tumors of the CNS [3] was
the first to include guidelines for the use of molecular markers of
glioma, indicating that genetic molecular diagnosis and gene analysis of
the disease play an increasingly important role [4].

Molecular biomarkers could be an important tool in distinguishing
different subtypes of tumors. Therefore, there is a growing need to
identify biomarkers of GBM that may have clinical value [5]. The
emergence of molecular biomarkers had a significant impact on histo-
logical typing and diagnosis, as well as predicting patient survival and

response to treatment [6]. However, those biomarkers typically require
complex laboratory analyses and are not suitable for pre-operative di-
agnosis.

Despite the significant progress made in the understanding of on-
cogenetics and molecular biology of the tumor in recent years, the
discovery of therapeutic approaches with significant clinical benefit for
GBM patients remains a challenge [4]. In addition to genetic bio-
markers, the value of various metabolites as cancer biomarkers have
been widely investigated.

Lactate is a final metabolic product of highly proliferative tumors,
like GBM, and results from a mechanism of survival of the tumor, which
effluxes lactic acid to its microenvironment through transmembrane
monocarboxylate transporters (MCTs). According to the conclusions of
an in vivo study, inhibition of MCTs function markedly impaired glioma
invasion [7]. It is known that hyperlactacidemia may occur in cases of
malignancy, specially hematological cancers with liver involvement
[8]. We have noticed that a significant number of patients with brain
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tumors undergoing surgical gross resection or biopsy presented high
serum lactate levels (=2 mmol/L) before or at the beginning of the
surgery, without an evident explaining factor. In the majority of cases,
the histopathological examination revealed high grade glioma. There is
some data supporting a correlation between tumor grade and high pre-
surgical serum lactate level [9,10], therefore we aimed to validate this
association in our cohort of patients.

2. Materials and methods
2.1. Study population

We reviewed the clinical files and anesthetic charts of 152 patients
who underwent brain tumor surgery at Hospital Sao Joao, a European
Union tertiary hospital, from January 2006 to April 2016. We included
patients with low-grade and high-grade glioma, who had records of
serum lactate concentration obtained by arterial blood gases performed
in the operating room after induction of general anesthesia and before
skin incision. Additional blood gases were collected during tumor re-
section but were used only for patient monitoring and were not used for
statistical analysis. Patients with known liver or renal dysfunction and
with congestive heart failure were excluded, as well as patients who
had hemodynamically unstable periods previously to blood gases col-
lection, with necessity of inotropic drugs or blood transfusion (n = 4).
In addition to serum lactate concentration, we collected demographic,
tumor-related data (age, gender, WHO grade, and size of the tumor)
and reviewed the clinical files to assess pre-surgery corticosteroid use
(in the previous 72 h). A pre-resection lactate concentration =2 mmol/
L was considered as “elevated”, according to several studies in litera-
ture [11-13]. For tumor volume we performed a diameter-based mea-
surement using MRI imaging and divided them into larger or smaller
than 50 mm.

2.2. Statistical analysis

Comparisons between patients with normal (< 2 mmol/L) and ele-
vated (=2 mmol/L) lactate were performed using the Student’s t-test
for independent samples or 2 test, where appropriate. The tests were
two-sided, with a significance level of 0.05. To measure associations
between tumor grade (high and low grade), serum lactate concentra-
tion, and the different clinical and demographic variables we calculated
crude and adjusted odds ratio (OR), using univariable and multivariable
logistic regression. We fitted all the variables that were significant
predictors of tumor grade in a logistic regression model. We assessed
the predictive value of an elevated serum concentration to determine
tumor grade by estimating the area under the curve of the final model.
Statistical analysis was performed using Statistical Package for Social
Sciences (SPSS) version 23.

3. Results

We included a total of 152 patients, 88 males and 64 females. The
mean age was 49.07 (standard deviation(SD) = 19.72 years), 62.5% of
patients (n = 95) had a high-grade glioma and 37.5% (n = 67) a low-
grade (Table 1). Patients with high-grade glioma were on average older
than patients with low-grade glioma (58.6 vs. 33.12 years old;
p < 0.01). In low-grade gliomas, the mean lactate concentration was
1.38 mmol/L (SD = 0.61), and in high-grade gliomas it was 2.03
(SD = 0.81).

There were 42.1% patients with elevated pre-resection serum lac-
tate (n = 64), and the mean lactate level was 1.79 mmol/L. When
comparing patients divided according to their serum lactate (normal
(< 2mmol/L) versus elevated (=2 mmol/L)) we found significant as-
sociations between higher serum lactate and higher tumor grade and
female gender (p < 0.01), and no significant associations with age or
tumor size (Table 2). There was a significant association between pre-
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Table 1
Demographics and clinical characteristics of the study patients.
Gender, %
Male 57.9%
Female 42.1%

Age, years (mean, SD) 49.07 (19.72)

Tumor grade, %

High 62.5%

Low 37.5%
Tumor size

=50 mm 34.9%

< 50 mm 48.0%
Serum lactate, %

Elevated 42.1%

Normal 57.9%

Serum lactate concentration, mmol/L (mean, SD) 1.79 (0.81)

Table 2
Comparison of patients with high and low pre-resection serum lactate con-
centrations.

Variable High lactate Normal lactate p-value
(=2mmol/L) (< 2mmol/L)
Tumor grade, %

High 56.8% 43.2%

Low 21.1% 78.9% < 0.01
Gender, %

Male 33.0% 67.0%

Female 57.8% 42.2% < 0.01
Age (mean, SD) 50.8 (18.7) 47.7 (20.5) 0.34
Tumor size, %

= 50 mm 47.4% 37.7%

< 50 mm 52.6% 62.3% 0.27

SD - standard deviation.

surgery corticosteroid use and lactate levels, with a mean lactate level
of 1.61 mmol/L in patients with corticosteroid use vs. 1.89 mmol/L in
patients with no registered use of these drugs (p = 0.04)

In the univariate logistic regression, there was a significant asso-
ciation between elevated pre-resection serum lactate and high tumor
grade (OR = 4.94; p < 0.01; AUC 0.70). A high tumor grade was also
associated with older age (OR = 1.10; p < 0.01) and increased pre-
surgery corticosteroid use (OR = 2.61; p = 0.02). There was no asso-
ciation between tumor size and sex with tumor grade (Table 3).

In the multivariate regression model, both older age, corticosteroid
use, and elevated lactate retained their association with high tumor
grade (Table 3), implying that, after adjusting for all other factors, in-
creased lactate concentration are a predictor of high-grade gliomas. The
OR for elevated pre-resection serum lactate increased from 4.94 to
14.33 after adjusting for age and corticosteroid, and the AUC for the
final regression model was 0.98.

Table 3
Logistic regression analysis of the association between tumor grade and pre-
resection serum lactate concentrations.

Univariate logistic regression Logistic regression model

Odds Ratio (95% p-value  Odds Ratio p-value
(@] (95% CI)
Lactacte level 4.94 <0.01 1433 < 0.01
(=2mmol/L) (2.32-10.51) (4.01-56.07)
Age, years 1.10 <0.01 113 < 0.01
(1.06-1.13) (1.08-1.17)
Corticosteroid use  2.61 0.02 9.49 < 0.01
(1.31-5.17) (2.86-31.45)
Sex, male 1.59 0.16
(0.83-3.07)
Tumor size 1.19 0.63
=50 mm (0.58-2.44)
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4. Discussion

Increased glucose uptake is a common feature of malignant tumor
cells, with consequent production of lactic acid, even in aerobic con-
ditions, and it is known that a lactate accumulation occurs in the GBM
microenvironment [7,14]. Kohli-Seth et al provided the first evidence of
the systemic repercussion of this phenomenon in a retrospective study
reporting hyperlactacidemia in a large number of patients from an in-
tensive care unit (ICU) submitted to brain tumor resection surgery, but
they did not correlate these findings with tumor pathology [15]. In
2016, Kahlon et al. published a case of chronically elevated lactate
levels in a patient with GBM as a circumstance not previously reported,
revealing an unawareness of the scientific community to the serum
lactate behavior in this type of cancer [16].

Two previous studies have aimed to find an association between
serum lactate and gliomas malignancy [9,10]. Mariappan et al observed
the pre-surgical lactate levels of 50 patients undergoing brain surgery
for glioma resection and found an association between high lactate
levels and high-grade tumors [9]. Shih C. et al, aimed to identify po-
tential pretreatment serum biomarkers that might influence oncological
outcomes in patients with primary brain tumor and found the same
association [10].

In the present study, we found a significant association between
high grade glioma and high levels of pre-surgical serum lactate. There is
not a clear definition of the values from which serum lactate con-
centration is considered to be elevated, but most studies use cut-offs
between 2.0 and 2.5 mmol/L [8]. Therefore, we defined values equal or
above 2.0 mmol/L as “elevated”. Our findings confirmed the results
described in previous studies, but in a larger sample and assessing the
effect of potential confounding factors not previously evaluated, which
reinforces the strength of this hypothesis. However, we did not evaluate
serum lactate levels at other phases or after surgery. Furthermore, we
did not assess the role of serum lactate levels as a predictor of survival.
A previous study by Cata et al. found no association between lactate
levels and survival in gliomas, suggesting that serum lactate has prob-
ably more potential as a biomarker for diagnostic and staging than
prognostic [17].

We excluded patients with known liver or renal dysfunction and
with congestive heart failure, because these conditions are known to
cause a rise in serum lactate. High-dose corticosteroid therapy could
also potentially rise lactate levels [18] and a large number of patients
with high grade glioma are under this type of therapy. Previous studies
did not assess this factor. We reviewed the clinical files of our patients
in order to determine if they underwent corticosteroid therapy before
surgery and found that the effect of high lactate concentration in pre-
dicting high-grade gliomas is not changed after adjusting for the use of
corticosteroid in the multivariable model. This finding suggests that the
observed increase in mean lactate levels in patients with high grade
gliomas is related to the tumor biology, and not to the use of corti-
costeroids. Nevertheless, we have to be careful in establishing a defi-
nitive conclusion. Given the retrospective nature of this review, we
cannot exclude that information on corticosteroid therapy could be
absent in some of the clinical files, particularly pre-admission use. Fu-
ture prospective studies are warranted to indisputably resolve this
issue, namely by systematically and per study protocol measuring lac-
tate levels before any corticosteroid use in a consecutive group of pa-
tients.

These results are encouraging in what concerns to the usefulness of
serum lactate determination in the diagnosis of gliomas, and they raise
some additional questions and hypothesis that should be addressed in
future studies. It would be interesting to compare serum lactate levels
with MRI spectroscopy results, since it has been showed that malignant
transformation of the glial tumors is accompanied by the presence of
elevated lactate peaks in MR spectroscopy of high grad gliomas [19].
Indeed, an association between elevated lactate peak in MR spectro-
scopy and hyperlactacidemia in high-grade gliomas would support the
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role of the tumor as the cause of the metabolic phenomenon leading to
hyperlactatemia and, consequently, the potential of serum lactate as a
biomarker of glioma malignancy. A panel of biomarkers for tumor
malignancy, including lactate, could be probably more helpful than any
single isolated measurement. Lactate-related enzymes, such as lactate
dehydrogenase (LDH) are particularly promising. It is known that LDH-
A, which catalyses the interconversion of pyruvate and lactate, is up-
regulated in human cancers, including GBM [20]. Lutterbach et al.
showed that raised serum LDH levels may negatively influence outcome
in glioblastoma patients [21]. This findings suggest that LDH could be
an interesting biomarker of glioma grade, Although LDH may be ele-
vated in several situations, like hemolysis, thromboembolism, systemic
infection and inflammation and muscle injury [22], it could potentially
represent an additional and perhaps more sensitive tool than serum
lactate in the diagnosis of high grade glioma. Additional studies are also
warranted to determine if this method could also be suitable for the
differential diagnosis between gliomas and other brain tumors, like
metastasis and lymphomas

5. Conclusion

In all, this study reinforces the role of serum lactate as a potential
biomarker of brain tumors malignancy, and its results encourage fur-
ther research on this subject.
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