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 A 37-year-old woman with known glioblastoma multiforme was admitted 

for treatment of new deep vein thrombosis. Anion gap and plasma lactate 

levels were found to be elevated. Magnetic resonance imaging of the 

brain showed a stable, advanced glioblastoma multiforme. All causes 

of lactic acidosis, including infections and medications, were ruled out. 

Aggressive tumors have been shown to produce lactate levels in minute 

quantities in their microenvironment, which helps them metastasize and 

evade immune response and even radiation.     

     M
alignancy is a known cause of elevated lactate,  although 
it is rarely recognized in nonhematologic cancers. We 
present a case of chronically elevated lactate levels in 
a patient with glioblastoma multiforme (GBM), a 

circumstance not reported previously. 

  CASE DESCRIPTION 
 A 37-year-old woman with GBM and a history of ven-

triculoperitoneal shunt, obesity, and glucocorticoid-induced 
diabetes mellitus was admitted for treatment of newly found 
deep vein thrombosis in her right leg. Except for leg swelling, 
the patient was asymptomatic. An anion gap of 20 was found, 
but her serum bicarbonate level was 25 mmol/L. Th e plasma 
lactate level was 5.5 mmol/L and ketones were negative. Th e 
blood urea nitrogen was 17 mg/dL and creatinine was 1 mg/
dL. Liver function tests were also within normal limits. An arte-
rial blood gas revealed a pH of 7.40, partial pressure of carbon 
dioxide of 42 mm Hg, oxygen saturation of 99%, bicarbonate 
level of 27 mmol/L, base excess of 1, and partial pressure of 
oxygen of 100 mm Hg on 2 L oxygen by nasal cannula. Her 
anion gap had been elevated for approximately a year. During 
the entire time her serum bicarbonate levels were within nor-
mal range. Serial lactate levels and arterial blood gas during the 
same hospital admission revealed persistently elevated lactate 
levels. Magnetic resonance (MR) imaging of the brain revealed 
the glioblastoma to be stable compared with prior imaging 
 (    Figure   ).  She was not receiving chemotherapy for GBM due 
to the advanced stage of her disease; her treatment consisted of 
dexamethasone, acetaminophen/oxycodone, and newly started 
low-molecular-weight heparin for deep vein thrombosis. She 
died from her GBM.   
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  DISCUSSION 
 High lactate levels in malignancies are associated with poor 

prognosis ( 1 ). Th e pathogenesis of lactate production in tumor 
cells is not well understood ( 2 ). Tumorigenesis leads to altera-
tion of metabolic switch in genes regulating glycolysis, such 
as  PI3K, mTOR, KRAS, EGF,  and  HIF-1α,  causing increased 
glucose uptake and lactate formation by cancer cells ( 1 ). Th is 
is caused by aerobic glycolysis or the Warburg eff ect. In 1925, 
Warburg showed that blood in veins from tumors had more 
lactate than the arteries feeding them ( 3 ) independent of glucose 
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 Figure.      MRI of the brain showing glioblastoma multiforme in the right brain stem.  
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uptake or hypoxia ( 4 ). Several oncogenes and tumor suppressor 
genes are involved in the switch from oxidative phosphorylation 
to glycolysis. Th e phosphoinositide 3-kinase (PI3K)/AKT ge-
netic pathway, which is a proto-oncogene, promotes the switch 
from oxidative phosphorylation to glycolysis. Similarly, antion-
cogenes such as  p53 / TIGAR  have been shown to inhibit the 
Warburg eff ect, thus preventing tumor progression ( 5 ). Stud-
ies are investigating the role of PI3K-Akt-mTOR inhibitors as 
treatment for GBM ( 6 ). Although the Warburg eff ect is most 
commonly seen in hematologic malignancies, it has also been 
observed in solid malignancies ( 7 ). 

 Lactate is a powerful signaling molecule in tumor cells and 
has been shown to promote cell motility ( 8 ) and enhance cell 
migration ( 9 ). Increased lactate levels can induce resistance to 
radiation and chemotherapy ( 10 ). Th is resistance results from 
the antioxidant properties of lactate, which neutralize reactive 
oxygen species produced by ionizing radiation to induce DNA/
RNA damage to tumor cells. Lactate also promotes tumor 
angiogenesis by inducing expression of vascular endothelial 
growth factor ( 11 ). In mouse models, intraperitoneal injections 
of lactate were able to increase metastasis and vascularity in 
an alveolar soft tissue sarcoma, specifi cally within the cranial 
vault, which contained the highest concentration of lactate 
( 12 ). Lactate mediates immune escape by activating memory 
T cells ( 13 ), inhibiting monocytes ( 14 ), and inactivating cy-
tokine release ( 8 ). 

 Th us far, there have been no reported cases of lactic acid 
production from a GBM signifi cant enough to be detected 
in blood. However, noninvasive spectroscopic imaging mo-
dalities have shown that GBM does produce lactic acid in its 
microenvironment, which is associated with poor survival and 
advanced disease ( 15 ). Th e case discussed above describes an 
unusual picture of chronically elevated lactate without acidosis. 
All hypoxic and nonhypoxic causes of elevated lactate levels 
were eliminated, suggesting that the elevation was likely due to 
GBM. GBM cell lines have also been shown to overexpress lac-
tate dehydrogenase A (LDHA), which is required for anaerobic 
glycolysis in normal cells but increases lactate production and 
the rate of glycolysis through the Warburg eff ect in cancer cells 
( 16 ). Inhibition of LDHA promotes apoptosis, decreases cell 
growth, migration, and invasion, and is currently being inves-
tigated as a potential therapeutic target ( 17 ). More research is 
required to establish the role of LDHA in normal brain cells 
before such targets can be further investigated in GBM. Stud-
ies correlating MR spectroscopy and blood lactate levels in a 
cohort of GBM patients are needed to determine if LDHA 

can be used as a marker for tumor progression, prognosis, and 
response to therapy.     
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