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/ABSTRACT

Background. Mutant isocitrate dehydrogenase (IDH) 1/2
enzymes can convert a-ketoglutarate into 2-hydroxyglutarate
(2HG). The aim of the present study was to explore whether
2HG in plasma and urine could predict the presence of IDH1/2
mutations in patients with glioma.

Materials and Methods. All patients had histological confir-
mation of glioma and a recent brain magnetic resonance
imaging scan showing the neoplastic lesion. Plasma and urine
samples were taken from all patients, and the 2HG concen-
trations were determined using liquid chromatography
tandem mass spectrometry.

Results. A total of 84 patients were enrolled: 38 with R132H-
IDH1 mutated and 46 with wild type. Amongthe 38 patients with
mutant IDH1, 21 had high-grade glioma and 17 had low-grade
glioma. Among the 46 patients with IDH1 wild-type glioma, 35
and 11 had high- and low-grade glioma, respectively. In all

patients, we analyzed the mean 2HG concentration in the
plasma, urine, and plasma/urine ratio (Ratio_2HG).We found
a significant difference in the Ratio_2HG between patients
with and withoutan IDH1 mutation (22.2 = 8.7vs.15.6 = 6.8;
p <.0001).The optimal cutoff value for Ratio_2HG toidentify
IDH1 mutation was 19 (sensitivity, 63%; specificity, 76%;
accuracy, 70%). In the patients with high-grade glioma only,
the optimal cutoff value was 20 (sensitivity, 76%,; specificity,
89%; accuracy, 84%; positive predictive value, 80%; negative
predictive value, 86%). In 7 of 7 patients with high-grade
glioma, we found a correlation between the Ratio_2HG value
and the response to treatment.

Conclusion. Ratio_2HG might be a predictor of the presence of
IDH1 mutation. The measurement of 2HG could be useful for
disease monitoring and also to assess the treatment effects in
these patients. The Oncologist 2015;20:562-567

Implications for Practice: This study showed that the plasma to urinary 2-hydroxyglutarate concentration ratio could be an estimate
ofisocitrate dehydrogenase (/DH) gene status in patients with glioma. That could allow the identification of the IDH mutation statusin
patients who are not amenable to surgery and could facilitate the monitoring of treatment responses and disease recurrence in
patients with glioma and an IDH mutation. The knowledge of IDH mutation status in patients with glioma represents a prognosticand
diagnostic marker for these patients. In the future, it could allow a specific treatment, such as the selective R132H-IDH1 inhibitor.

INTRODUCTION

The most common primary malignant brain tumors are of glial
origin. The World Health Organization (WHO) classification
system is the most frequently used schema and is based on
standard histologic criteria [1], dividing glioma into low and high
grade. Mutations of the isocitrate dehydrogenase (IDH) 1/2
genes in glioma are undoubtedly one of the most groundbreak-
ing discoveries in the field of neuro-oncology in recent yearsand
represent important prognostic factors. Mutations of IDH1/2
are foundin approximately 50%—90% of adult astrocytomas and

oligodendrogliomas of WHO grades Il and Ill and secondary
glioblastomas. In contrast, IDH1/2 mutations occur in only
a small subset (3%—-16%) of primary glioblastomas [2]. When
present, these gene mutations are the earliest genetic changes
common to both astrocytic and oligodendroglial tumors [3].
Approximately 90% of all IDH1 mutations are G to A
transition at the second nucleotide of codon 132, resulting in
the substitution of arginine with histidine (R132H) [4]. The
main function common to all isozymes is to catalyze the
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oxidative decarboxylation of isocitrate into «-ketoglutarate
(aKG) [2]. The most prominent consequence of IDH mutation is
that the altered enzyme acquires neomorphic activity to reduce
aKG into 2-hydroxyglutarate (2HG) in an NADPH-dependent
manner [5]. It seems likely that the gain-of-function ability of cells
to produce 2HG as a result of R132 mutationsin IDH1 contributes
to tumorigenesis. Inturn, hypoxia-inducible factor 1 (HIF-1) levels
are increased, which was attributed to the release from negative
regulation by aKG. aKG is required for prolyl hydroxylase activity.
Prolyl hydroxylases promote the degradation of HIF-1. Increased
HIF-1 activity has been shown to be of great importance in the
biology of glioblastoma; moreover, IDH enzymes with altered
activity profiles might directly or indirectly affect other
metabolic pathways, including NADP-dependent pathways
such asthe pentose phosphate pathway, intracellular base acid
balances, and antioxidant properties [6].

IDH1/2 mutations are also common in patients with
cytogenetically normal acute myeloid leukemia (AML); in these
patients, the incidence of IDH1/2 mutations is 5%—20% [7, 8].
Unlike gliomas, in which the incidence of IDH1 mutationsis more
frequent than IDH2 mutations, the frequency of IDH1 and IDH2
mutations is similar in patients with AML [9]. Various studies
have analyzed 2HG levels, demonstrating that IDH1/2 mutant
AML cells and sera have increased levels of 2HG [10, 11].

Likewise, it was demonstrated that 2HG levels are also
elevated in gliomas with mutated IDH; in particular, gliomas with
wild-type IDH1 had more than 100-fold less 2HG [5]. Because
2HG is a small molecule, it seems possible that it could reach the
systemic circulation and be excreted by the urine and that altered
2HG serum or urine levels might help to identify patients
harboring IDH1 mutated gliomas. In the present study, we
measured and compared the 2HG levels in plasma and urine in
patients with gliomatoidentify a surrogate circulatory biomarker
of IDH gene mutation potentially useful in the clinical setting.

MATERIALS AND METHODS

Study Population and Data Collection

Patients were enrolled in the present study in accordance with
the Declaration of Helsinki, and all patients had to meet the
following inclusion and exclusion criteria. The inclusion criteria
were brain tumor biopsy and histological confirmation of
glioma, neoplastic tissue available for analysis of the IDH1/2
genes using polymerase chain reaction (PCR) and sequence
analysis, a recent (within 2 weeks) brain magnetic resonance
imaging (MRI) scan of the neoplastic lesion, and approved
written consent. The exclusion criteria were the absence of
neoplastic lesions on the brain MRl scan, chemotherapy within
the previous 28 days, other neoplastic and metabolic diseases,
and renal and/or liver failure.

Samples from the patients with gliomas were collected at
the Medical Oncology 1, Department of Clinical and Exper-
imental Oncology, Veneto Institute of Oncology—IRCCS, Padua,
Italy fromJanuary 2011 to May 2013, and were investigated for
IDH1 and IDH2 mutations at the Immunology and Molecular
Oncology Unit, Veneto Institute of Oncology—IRCCS, Padua,
Italy. The 2HG measurements in the plasma and urinary
samples were analyzed at the Experimental and Clinical
Pharmacology Department, National Cancer Institute, Aviano,
Italy.
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IDH1/2 Gene Analysis

To analyze the IDH1 gene mutations, DNA isolated from
formalin-fixed paraffin-embedded tumor tissue was subjected
to PCR using primer pairs specific for exon 4 of the IDH1 and
IDH2 genes. The amplified products were subjected to
sequencing analysis by fluorescent capillary electrophoresis
(ABI PRISM 310 genetic analyzer; Applied Biosystems, Foster
City, CA, http://www.appliedbiosystems.com).

2HG Analysis

The serum and urine total concentrations of 2HG were
measured using ion pair reverse-phase liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS), according
to Dangetal. [5].The equipment consisted of HPLC Ultimate 3000
(Thermo Scientific, Waltham, MA, http://www.thermofisher.
com) directly connected to a 4000 QTRAP mass spectrometer (Ab
Sciex, Framingham, MA, http://www.sciex.com). In brief, 50 uL of
serum was added with 200 uL of acetonitrile solution containing
100 ng/mL d4-1-5 pentanoic acid used as the internal standard
(1S) (CDN Isotope, Pointe-Claire, Quebec, Canada, http://www.
cdnisotopes.com). After 5” vortex and centrifugation at
15,000g for 10 minutes at 4°C, the clear supernatant was
dried in Z2 speed vacuum (Genevac Ltd., Ipswich, U.K., http://
www.genevac.com). The residues were dissolved in 250 wl of
10 mM tributylamine (15 mM acid; pH 4.6 [solution A]), and
10 pL was injected into a Synergi Hydro-RP (C18) 150 X 2.1 mm,
4-um column (Phenomenex, Torrance, CA, http://www.
phenomenex.com) equilibrated with 20% methanol in solu-
tion A at 0.3 mL/min and maintained at 40°C. Elution of the
analytes was performed by a 12-minute gradient to 53%
methanol in solution A. Under this condition, the retention times
for 2HG and IS were 8.0 minutes and 7.3 minutes, respectively.
Urine was diluted 40-fold with solution A containing IS, and 10 uL
of the resulting solution was directly injected into the column.The
2HG quantitative mass spectrometry was performed by multiple
reaction monitoring (MRM) in negative operation mode using the
following optimized Tubolon source parameters: curtain gas, 20;
collision gas, medium; ion spray voltage, —4500 V; nebulizer and
auxiliary gas, 65; and temperature, 650°C.The MRM transitions for
2HG and the internal standard were 146.8 — 128.9 m/zand 134.9
— 102.1 m/z, respectively, and the respective optimized
collisionenergyvalueswere —14Vand —17V.The method was
validated according to Food and Drug Administration guide-
lines. The low limit of quantification was 10 ng/mL, and the
linearity was in the range 10-2000 ng/mL, and the intra- and
interassay accuracy and precision were less than 13%. The
creatinine concentration in urine samples was quantified by
validated isotope dilution LC-MS/MS method according to an
established analytical protocol [12].

Statistical Analysis

All statistical analyses were performed using Statistical Package
for Social Sciences statistical software, version 15.0 (IBM Corp.,
Armonk, NY, http://www-01.ibm.com/software/analytics/spss/).
The Mann-Whitney U test was used to test for differences in
metabolite concentrations between those with mutant and wild-
type IDH. Correlations between plasma and urinary 2HG were
estimated with Spearman rank-order correlation coefficient. The
differences with p = .05 were considered significant. The area
under the receiver operating characteristic curve (ROC AUC) was
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Table 1. Characteristics of patients with mutant and
wild-type IDH1

2-Hydroxyglutarate as a Biomarker in Glioma

Table 2. Plasma and urinary mean 2HG concentration in
wild-type and mutated /DH gene

Characteristic mut IDH1 wt IDH1 Variable wt IDH mut IDH p value
Patients (n) 38 46 Plasma_2HG (ng/mL) 97 £44.1 97.2*+60.4 .9
Sex Urine_2HG (ug/mg)? 73+44 46+*2 .002
Female 17 22 Ratio_2HG (all gliomas) 15.6 = 6.8 22.2 = 8.7 <.0001
Male 21 24 Ratio_2HG (only HGGs) 15*+6.1 23 +8.5 <.0001
Average age (y) 51 62 @Concentration of 2HG (ug/mL) normalized by creatinine concentration
Histological type (mg/mL).

X X Abbreviations: 2HG, 2-hydroxyglutarate; HGGs, high-grade gliomas; IDH,
High-grade glioma 21 35 isocitrate dehydrogenase; mut, mutant; Ratio_2HG, ratio between the
Low-grade glioma 17 11 plasma and urine 2HG (normalized by creatinine) concentration; wt,

Mutation R132H — wild-type.
Average tumor size (cm?) 9.2 38.5 negative predictive value was 71%. Analyzing only those

Abbreviations: IDH1, isocitrate dehydrogenase 1; mut, mutant; wt,
wild-type.

performed to determine the cutoff value of the 2HG biomarker. The
optimal cutoff value was determined at the point on the ROC curve
at (sensitivity + specificity — 1) was maximized (Youden index).
On the brain MRI scan, the tumor volume was estimated
using fluid-attenuated inversion recovery imaging for low-grade
gliomas and the contrast-enhanced tumor area for high-grade
gliomas (HGGs) using the formula foran ellipsoid: 77 (a X b X c)/6.

RESULTS

We enrolled 84 patients. The characteristics of all the patients
are summarized in Table 1. All the mutations were R132H-
IDH1. Of the 38 patients with mutant IDH1, 17 were women
and 21 were men, with an average age of 51 years; 21 patients
had high-grade gliomas and 17 had low-grade gliomas. The
average tumor size was 9.2 cm>. Of the patients with wild-type
IDH1,22 werewomen and 24 were men, with an average age of
62 years; 35 patients had high-grade gliomas and 11 had low-
grade gliomas. The average tumor size was 38.5 cm®.

The mean concentration of 2HG (Table 2) in the plasma
was not significantly different between the two groups: 97 *
44.1 ng/mL in patients with wild-type IDH1 and 97.2 =+
60.4 ng/mLin those with IDH1 mutation (p = .9). In contrast,
the 2HG concentrationin the urine, normalized by creatinine,
was significantly greater in those with wild-type IDH than
in those with the IDH mutation: 7.3 = 4.4 and 4.6 * 2 ug/mg
(p = .002), respectively. When the ratio between the
plasma and urine 2HG (normalized by creatinine) concentration
(Ratio_2HG) was considered, a statistically significant difference
was found between the patients with wild-type and mutant
IDH1: 15.6 = 6.8 versus 22.2 * 8.7 (p < .0001), respectively.

Analyzing the metabolite concentration in a subset of 56
patients with high-grade glioma, the difference in the Ratio_2HG
was greater than that in the patients with low-grade glioma,
between patients with and without the mutation: 23 = 8.5
versus 15 + 6.1 (p < .0000; Fig. 1).

ROC curve analysis was performed to determine the cutoff
value of Ratio_2HG. In all patients with glioma, the optimal
cutoff value of Ratio_2HG to discriminate between patients
with and without the IDH1 mutation was 19, with an ROC AUC
of 0.73 (95% confidence interval [Cl] 0.62-0.84; Fig. 2). The
sensitivity and specificity were 63% and 76%, respectively. The
accuracy was 70%, positive predictive value was 69%, and
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patients with HGG, the optimal cutoff value of the Ratio_2HG
was 20 (ROC AUC0.83, 95% Cl 0.71-0.94), with sensitivity and
specificity of 76% and 89%, respectively. The accuracy was 84%,
the positive predictive value was 80%, and the negative
predictive value was 86% (Fig. 3).

The correlation study between the tumor size and Ratio_2HG
within the mutated IDH1 group indicated that the Ratio_2HG
levels were independent of the tumor size in both all patients
with glioma (Spearmanr = 0.6; p = .4) and the patients with HGG
only (Spearman r = 0.4; p = .8). Moreover, no significant
correlation was found between the tumor grade and Ratio_2HG
in all patients with glioma.

In asubset of 7 patients with high-grade glioma, the level of
Ratio_2HG before and after chemotherapy correlated with the
changeinthe brain MRI findings evaluated using the Response
Assessment in Neuro-Oncology criteria. The brain MRI findings
of the investigated patients showed 4 with partial responses, 1
with complete response, and 2 with progressive disease. All
the patients with a response had a decrease in the Ratio_2HG
after chemotherapy compared with the baseline levels. In
contrast, in both patients with progressive disease, the
biomarker level had increased (Fig. 4).

DiscussIiON

In the past few years, important advances have been made in
understanding the role of mutant IDH1/2 in glioma tumorigen-
esis, and 2HG is an important mediator in this process. The
intracellular accumulation of this oncometabolite in tumor cells
can interfere with «KG-dependent dioxygenases, such as TET2,
and modify the physiological degradation of HIF transcription
factor [13].The activity of mutant /IDH1/2 genes in the production
of cell-permeable 2HG lends itself to use as a circulating
surrogate biomarker of IDH mutation status.

The role of 2HG as a surrogate biomarker has also been
analyzed in other neoplastic diseases. Initially, Gross et al. [10],
from a series of 145 AML patients, identified 11 patients with
heterozygous IDH1 R132 mutations. In these patients, the
investigators found higherlevels of 2HG in the plasmaand AML
cellsthanin the plasmaand AML cells of AML patients with the
IDH1 wild type [10]. Subsequently, in another important study,
Janin et al. [11] analyzed the serum samples from 82 patients
with de novo acute myeloid leukemia and observed that in
patients with IDH1/2 mutations, the median 2HG levels were
significantly greater than in the patients with IDH1/2 wild type
(21.2 vs. 1.2 umol/L; p < .001). Moreover, high values of total
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Figure 1. Ratio between the mean 2-hydroxyglutarate concen-
tration in the plasma and urine in patients with high-grade glioma
with mutant IDH and wild-type IDH.

Abbreviations: IDH, isocitrate dehydrogenase; mut, mutant;
Ratio_2HG, ratio between the mean 2-hydroxyglutarate concen-
tration in the plasma and urine; wt, wild-type.

2HG were predictive of the presence of IDH mutation. The
optimal diagnostic cutoff to discriminate IDH mutated and wild
type showed 100% sensitivity and 79% specificity. However, the
investigators demonstrated that in patients with an IDH
mutation, the 2HG levels can reflect clinical status and corre-
lated with “minimal residual disease” markers. The median 2HG
concentration in patients with a complete response was sig-
nificantly lower than that in the patients without a complete
response after one induction course (6.2 vs. 8.3 umol/L;
p < .001). Serum 2HG could also be used as a predictor of
outcome in patients with AML. Low 2HG levels after induction
therapy were associated with longer overall survival and
disease-free survival.

Recently, circulating 2HG was also demonstrated to be
a surrogate biomarker of IDH mutation status in patients with
cholangiocarcinoma. The 2HG levels were 343 and 55 ng/mL
(p < .001) in the patients with and without IDH mutations,
respectively [14]. Fathi et al. [15], in a very small size study,
demonstrated thatan IDH1 mutation could be presentin some
cases of breast cancer. They described the first reported case of
an IDH1 mutation in 1 patient with breast adenocarcinoma. In
addition, the 2HG levels in both plasma and urine were
significantly greater than those measured in 6 other patients
with breast carcinoma and IDH1 wild type.

In our study, we evaluated whether the 2HG levels in urine
and plasma would correlate with IDH mutation status in
patients with glioma. In contrast to the higher accumulation of
2HGinthe plasma of patients with AML or cholangiocarcinoma
with IDH mutations [11, 14], we found no statistically
significant difference in the 2HG levels in the plasma between
patients with and without IDH1 mutation. However, we found
a significant difference in the urine 2HG levels. Moreover, in
the patients with an IDH mutation, we found a lower 2HG
concentrationinthe plasma(97.2 ng/mL) than that reportedin
the patients with AML or cholangiocarcinoma (12,400 and
343 ng/mL, respectively). It is likely that in patients with
glioma, in contrast to the patients with AML, in whom the site
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Figure 2. Receiver operating characteristic curve analyzing the cutoff
value of ratio between the mean 2-hydroxyglutarate concentration in
the plasma and urine in all patients with glioma.

of 2HG production is known to be in the peripheral blood, the
siteisin the brain. However, the exact mechanism of release of
2HG from neoplastic cells in the brain is unclear. A previous
study demonstrated “invitro” that in the glioma cells, a very low
diffusion of passive 2HG across the cell membrane occurs. This
might explain the lower concentration of this metabolite in the
plasma of patients with glioma than in patients with other
neoplastic diseases [16]. Moreover, necrosis might be the main
condition responsible for 2HG release in those with glioma,
and glioblastoma is known to be the HGG with the greatest
extension of necrosis. Among our patients with HGG, only 20%
had a diagnosis of glioblastoma. Although cytotoxic treatment
causing tumoral necrosis might increase 2HG release, not all
the patients enrolled in our study underwent chemotherapy
within the previous 28 days. These reasons could explain the
low 2HG concentration in plasma and its lack of statistical
significance.

Inaccordance with ourresults, a previous study analyzing
16 glioma samples showed no significant difference in 2HG
levels in the plasma from patients with and without an IDH
mutation (1.64 vs. 1.3 umol/L, respectively; p = NS) [17].
Therefore, in conclusion, these results seem to suggest that
the 2HG levels in the plasma only cannot be used as
a surrogate marker for IDH mutation status in patients with
glioma.

For the first time, in addition to the plasma concentration,
we analyzed the 2HG levels in the urine from patients with
glioma. Owing to the low 2HG levels in plasma, we thought to
analyze its concentration in urine, because, just as in other
metabolic diseases involving 2HG, such as 2HG dehydrogenase
deficiency, the accumulation of 2HG was much higher in the
urine than in the plasma [18]. We found a significantly lower
2HG concentration in patients with mutated IDH1 than in
patients lacking the mutation (p = .002). In IDH1 mutation
glioma, the increase in intracellular 2HG results from a greater
production of the p-enantiomer of 2HG only and not of the
-isomer [5]. It is likely that the p-enantiomer of 2HG has
a shorter time to urinary excretion than the other isomer, or it
mightinterfere with the urinary excretion of L-isomer, resulting
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Figure 3. Receiver operating characteristic curve analyzing
the cutoff value of the ratio between the mean 2-hydroxyglutarate
concentration in the plasma and urine in patients with high-grade
glioma.

in a lower concentration of urinary 2HG in patients with IDH
mutations. This might explain our results. Moreover, in the
kidneys, the organic anion transporters 1 and 3 (OAT1 and
OAT3) in cooperation with sodium-dependent dicarboxylate
transporter 3 and the OAT4 have been implied in the uptake of
2HG into and the efflux out of the tubular cells [19, 20]. The two
enantiomers of 2HG might have a different affinity with the
transporters. In particular, p-2HG might have a lower affinity
than the t-isomer or might inhibit 1-2HG uptake. However,
these assumptions remain to be verified in an ongoing
subsequent study. Just as in most clinical studies analyzing
the 2HG metabolite [14, 15, 17], we focused our present
investigation on the measurement of the total 2HG metabolite
(.- plus p-isomer forms). Moreover, some metabolic or kidney
diseases such as 2-hydroxyglutaric aciduria and chronic renal
failure could alter the physiological 2HG metabolism and urinary
excretion. However, all patients with these diseases were
excluded from our study.

Although statistically significant, the difference in the 2HG
levels in urine was too small (A = 2.7 ug/mg) to obtain a cutoff
todiscriminate the IDH mutation statusin real clinical practice.
Therefore, we explored the diagnostic power of the ratio
between the 2HG levels in the plasma and urine. Adopting the
Ratio_2HG as a biomarker, we obtained a wider difference
(A= 6.6) between patients with and withoutan IDH1 mutation
and the possibility of calculating a valid cutoff level. We found
that the optimal cutoff value to discriminate the IDH mutation
status in high-grade gliomas was 20, with optimal sensitivity,
specificity, and accuracy. In particular, this cutoff level had a
high negative and positive predictive value (86% and 80%,
respectively). These data demonstrate that using the Ratio_2HG
value, instead of the 2HG levels in urine and plasma alone, we
can calculate a real cutoff value to discriminate IDH gene status.

We also analyzed the individual Ratio_2HG, because it
could result in a more accurate value than the mean of the
2HG level in the plasma and urine, considering the pro-
duction and excretion of 2HG in each individual patient and
reducing interpatient variability. However, the difference
between the metabolite concentration in plasma and that
in urine reflects the total changes occurring during fluid transit
through the proximal and distal tubules. The contribution of
the tubule in metabolite handling could be better assessed
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Figure 4. Variation in the ratio between the mean 2-hydroxygluta-
rate concentration in the plasma and urine levels before and after
chemotherapy in patients with high-grade glioma in correlation with
the response found on the brain magnetic resonance imaging scan.
Abbreviation: Ratio_2HG, ratio between the mean
2-hydroxyglutarate concentration in the plasma and urine.

as a fraction of the filtered molecule load that is excreted
into the urine (Ratio_2HG). Likewise, Marenzi et al. [21]
demonstrated that the plasma to urinary sodium concentra-
tion ratio is a better estimate of plasma renin activity in
congestive heart failure than are the plasma and urinary
sodium concentrations.

We found a significant difference in the 2HG levels in the
urine and a significant difference in the Ratio_2HG between
patients with and without an IDH mutation. We believe
the Ratio_2HG was significantly higher in patients with
amutated IDH1 because of the lower concentration of 2HG in
the urine. The 2HG level in the plasma was similar between
the patients with and without an IDH mutation, but
the urinary 2HG concentration was significantly lower in the
patients with an IDH mutation, leading to an increase in the
Ratio_2HG value in those patients. However, we did not find
a correlation between tumor size or tumor grade and the
Ratio_2HG level.

We also questioned whether serial 2HG monitoringin the
urine and plasma could serve as a surrogate marker of the
treatment response or recurrent disease in patients with IDH
mutations. In a small subgroup of patients, we analyzed the
Ratio_2HGasatumoral biomarker.The level of avalid tumoral
biomarker should increase in the case of progressive disease
and should decrease in the case of a partial or complete
response, as determined from the brain MRI findings.
Although we analyzed only 7 patients with high-grade glioma
and mutated IDH1, we found a correlation between the
variation in the Ratio_2HG and the change in the tumoral
lesion findings on the brain MRI scan. Therefore, the
detection of Ratio_2HG might be a good biomarker to
monitor treatment effects and during patient follow-up.
However, larger samples need to be analyzed to investigate
these results.

The use of the 2HG metabolite as a surrogate biomarker
could allow the identification of the IDH mutation status in
alarge population of patients with glioma, including those who
are not amenable to surgery. In addition, it could facilitate the
monitoring of treatment responses in patients with mutated
IDH. Currently, the available methods of detecting IDH mutations
ingliomas are based on the analysis of glioma tissue, investigating
either the altered structure of the protein using the mono-
clonal antibody against the common mutationIDH1-R132H
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or the sequence of the IDH gene using Sanger sequencing.
However, the assessment of IDH mutation status is mandatory
in patients with glioma, because it can serve for a combined
histological and molecular classification. Various studies have
demonstrated that patients with gliomas of grade II-IV with IDH
mutations have a better prognosis than those with IDH wild-type
tumors [22—-25]. Moreover, the assessment of IDH status can be
used as a diagnostic marker, because the IDH mutation can be
a characteristic of some specific gliomas. For example, the
presence of IDH mutation can recognize diffuse tumor in-
filtration of astrocytoma or oligodendroglioma from reactive
gliosis or from pilocytic astrocytoma. Finally, the presence of
IDH mutations could allow the use of new specific, targeted
therapies. A selective R132H-IDH1 inhibitor has recently been
shown to specificallyimpair the growth of IDH1-mutant glioma
cells and promote their differentiation [26].

CONCLUSION

Knowledge of IDH mutation status is mandatory for patients
with glioma, because it could represent a prognostic and
diagnostic marker for these patients. In the future, it could
allow for specific IDH-inhibitor treatment. In the present
exploratory investigation, we found that the straightforward
analysis of the total 2HG levelsin the urine and plasma could be
a reliable and simple surrogate biomarker of IDH mutation
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status, especially for patients who are not amenable to biopsy.
Furthermore, serial 2HG monitoring could serve as a surrogate
biomarker of the treatment response and disease recurrence
in patients with glioma and an IDH mutation.

Although our data are encouraging, additional investiga-
tions are needed to determine the role of the 2HG metabolite
as a surrogate marker of IDH mutation status in patients with
glioma and to demonstrate whether the 2HG levels in the
plasma and urine correlate with treatment effects.
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