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After the 2016 World Health Organization (WHO) classifica-
tion was announced,1 isocitrate dehydrogenase (IDH) muta-
tion status became one of the most important prognostic 
biomarkers in glioma management.2–4 Recent large-scale 
molecular studies of adult lower-grade gliomas clearly 

defined the IDH mutation as being crucial for determining the 
prognosis.2,3 Immunohistochemistry and genomic sequence 
analysis are considered to be gold standard methods for 
detecting IDH mutant glioma.5 However, these approaches 
are invasive, and a biopsy may also lead to an incorrect 
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Abstract
Background.  Noninvasive and accurate modality to predict isocitrate dehydrogenase (IDH) mutant glioma may 
have great potential in routine clinical practice. We aimed to investigate the diagnostic performance of 2-hydroxy-
glutarate (2HG) magnetic resonance spectroscopy (MRS) for prediction of IDH mutant glioma and provide an 
optimal cutoff value for 2HG.
Methods.  A systematic literature search of Ovid-MEDLINE and EMBASE was performed to identify original articles 
investigating the diagnostic performance of 2HG MRS up to March 20, 2018. Pooled sensitivity and specificity were 
calculated using a bivariate random-effects model. Subgroup analysis and meta-regression were performed to 
explain heterogeneity effects. An optimal cutoff value for 2HG was calculated from studies providing individual 
patient data.
Results.  Fourteen original articles with 460 patients were included. The pooled sensitivity and specificity for the 
diagnostic performance of 2HG MRS for prediction of IDH mutant glioma were 95% (95% CI, 85–98%) and 91% 
(95% CI, 83–96%), respectively. The Higgins I2 statistic demonstrated that heterogeneity was present in the sensitiv-
ity (I2 = 50.69%), but not in the specificity (I2 = 30.37%). In the meta-regression, echo time (TE) was associated with 
study heterogeneity. Among the studies using point-resolved spectroscopy (PRESS), a long TE (97 ms) resulted 
in higher sensitivity (92%) and specificity (97%) than a short TE (30–35 ms; sensitivity of 90%, specificity of 88%; 
P < 0.01). The optimal 2HG cutoff value of 2HG using individual patient data was 1.76 mM.
Conclusion.  2HG MRS demonstrated excellent specificity for prediction of IDH mutant glioma, with TE being asso-
ciated with heterogeneity in the sensitivity.

Key Points  

1.	 2HG MRS has excellent diagnostic performance in the prediction of IDH mutant glioma

2.	 The pooled sensitivity was 95% and the pooled specificity was 91%.

3.	 Echo time was associated with study heterogeneity in the meta-regression.
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result because of intratumoral heterogeneity, which may 
reduce the value of invasive biopsy-based genomic analy-
sis. Therefore, a noninvasive and accurate modality to pre-
dict IDH mutant glioma may have great potential in routine 
clinical practice, and could help with the implementation of 
appropriate management in patients with glioma.

Magnetic resonance imaging (MRI) may have such a 
role as an important noninvasive tool for prediction of IDH 
mutant glioma; however, no MRI techniques have shown 
impressive results for predicting IDH mutant glioma except 
for 2-hydroxyglutarate (2HG) MR spectroscopy (MRS). 2HG 
MRS was introduced to detect the oncometabolite 2HG,6–19 
which occurs as a direct consequence of an IDH mutation. In 
previous studies, 2HG MRS demonstrated higher diagnostic 
performance (high sensitivities of 89–100% and high spe-
cificities of 81–88%)10,18 than conventional MRI (sensitivities 
of 71–100% and specificities of 51–100%)20–22 and diffusion-
weighted imaging and perfusion-weighted imaging (sensitiv-
ities of 56–100% and specificities of 63–100%).23–30 Therefore, 
the imaging prediction of IDH mutation status using 2HG 
MRS could be a valuable method for clinical decision making. 
Moreover, 2HG MRS is likely to become more valuable when 
IDH mutant inhibitors become clinically available.31

However, the diagnostic performance of 2HG MRS for 
prediction of IDH mutant glioma has not yet been system-
atically evaluated. In addition, an optimal 2HG cutoff value 
obtained from individual patient data has not been evalu-
ated. Moreover, if heterogeneity is present in the diagnos-
tic use of 2HG MRS, any covariates affecting the diagnostic 
performance should be identified. Therefore, this system-
atic review and meta-analysis aimed to investigate the 
diagnostic performance of 2HG MRS for prediction of IDH 
mutant glioma, and provide an optimal 2HG cutoff value.

Materials and Methods

This study was conducted according to the guidelines of 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).32

Literature Search

A systematic literature search of Ovid-MEDLINE and 
EMBASE was performed to identify original articles investi-
gating the diagnostic performance of 2HG MRS for predic-
tion of IDH mutant glioma published up to March 20, 2018. 

The search terms were as follows: ((“Isocitrate dehydro-
genase”) OR (IDH)) AND ((2-hydroxyglutarate) OR (2HG)) 
AND ((“magnetic resonance spectroscopy”) OR (“MR 
spectroscopy”)). The search was not limited by language, 
by whether studies were human or animal, or by search 
date. Any additional studies identified were screened to 
expand the extent of the search.

Eligibility Criteria

Studies were selected if all of the following inclusion crite-
ria were met: (1) patients with histopathologically confirmed 
WHO grade II, III, or IV gliomas; (2) patients with preoperative 
in vivo 2HG MRS before treatment; (3) a reference standard 
based on immunohistochemistry analysis for IDH1 mutation 
(R132H) or genomic sequencing analysis for IDH1 and IDH2 
genes; and (4) sufficient information for the reconstruction of 
2 × 2 tables for determination of the diagnostic performance 
of 2HG MRS for prediction of IDH mutant glioma.

Studies were excluded if any of the following exclusion 
criteria were met: (1) a review article; (2) case reports or 
case series including fewer than 5 patients; (3) conference 
abstracts; (4) letters, editorials, and comments; (5) animal 
or phantom studies; and (6) studies with a partially over-
lapping patient cohort. For studies with an overlapping 
study population, the study with the largest population 
was selected. Authors of papers not providing sufficient 
information for the construction of 2 × 2 tables were con-
tacted for the provision of further data.

Data Extraction and Quality Assessment

A standardized extraction form was used to obtain the fol-
lowing information from the selected studies: (1) study 
characteristics: institution, study period, study design, con-
secutive or non-consecutive enrollment, reference stand-
ard, interval between MRS and the reference standard, and 
blinding to the reference standard; (2) demographic and 
clinical characteristics: total number of patients, number of 
patients with IDH mutant glioma, mean age (range), and 
male to female ratio; (3) technical characteristics of MRI: 
magnetic field strength, vendor, model, head coil chan-
nels, 2HG MRS techniques or sequences, echo time (TE; 
ms), and cutoff values for the specific technical parameters 
used to diagnose IDH mutant glioma.

The quality assessment of selected studies was investi-
gated using the Quality Assessment of Diagnostic Accuracy 

Importance of the Study
Noninvasive and accurate modality to predict IDH 
mutant glioma may have great potential in routine clin-
ical practice, and could help with the implementation of 
appropriate management in patients with glioma. This 
study revealed that 2HG MRS has excellent diagnostic 
performance in the prediction of IDH mutant glioma. The 
pooled sensitivity was 95% (95% CI, 85–98%), the pooled 
specificity was 91% (95% CI, 83–96%), and the area under 

the hierarchical summary receiver operating characteris-
tics curve was 0.96 (95% CI, 0.94–0.98). Among the stud-
ies using PRESS, those using a long TE (97 ms) showed 
higher diagnostic performance than those using a short 
TE. Using individual patient data, the optimal cutoff 
value for 2HG was found to be 1.76 mM. Further valid-
ation of this optimal cutoff value for 2HG is critical for its 
application to glioma management in daily practice.
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Studies–2 (QUADAS-2) tool.33 The literature search, study 
selection, data extraction, and quality assessment were 
conducted independently by 2 reviewers (C.H.S.  and 
H.S.K.). If disagreement was present, a third reviewer 
(S.J.K.) was consulted to reach a consensus.

Data Synthesis and Analysis

Two-by-two tables were reconstructed for each study, 
choosing the results with the highest performance if the 
diagnostic performance of multiple MRS sequences was 
separately evaluated. The pooled sensitivity and pooled 
specificity and their 95% CIs were calculated using a bivari-
ate random effects model, and a coupled forest plot was 
obtained.34–38 The pooled positive likelihood ratio (PLR), 
negative likelihood ratio (NLR), and diagnostic odds ratio 
(DOR) were also calculated. The PLR was defined as the 
likelihood that a 2HG MRS result positive for differentiating 
IDH mutant glioma from IDH wild-type glioma would occur 
in patients with IDH mutant glioma. The NLR was defined as 
the likelihood that a 2HG MRS result negative for differenti-
ating IDH mutant glioma from IDH wild-type glioma would 
occur in patients without IDH mutant glioma. The DOR was 
defined as the odds of having a positive 2HG MRS result in 
patients with IDH mutant glioma compared with the odds 
of having a positive 2HG MRS result in patients without 
IDH mutant glioma. In addition, a hierarchical summary 
receiver operating characteristic (HSROC) curve with 95% 
confidence and prediction regions was plotted.

Heterogeneity was assessed using the following: (1) 
Cochran’s Q-test with P < 0.05 indicating the presence of 
heterogeneity; (2) Higgins inconsistency index (I2) test with 
a value >50% indicating the presence of heterogeneity;39 (3) 
visual assessment of the difference between the 95% confi-
dence region and prediction region in the HSROC curve (a 
large difference indicating heterogeneity); (4) visual assess-
ment of the coupled forest plot to assess the presence of a 
threshold effect (ie, a positive correlation between sensi-
tivity and false positive rate among the selected studies); 
and (5) a Spearman correlation coefficient >0.6 revealing a 
threshold effect.40 A Deeks funnel plot was constructed to 
test for publication bias, with statistical significance being 
assessed using Deeks’s asymmetry test.41 A  subgroup 
analysis of studies using point-resolved spectroscopy 
(PRESS) as the MRS sequence and a meta-regression were 
performed to explain the effects of heterogeneity. The fol-
lowing covariates were considered for the bivariate meta-
regression model: (1) study design; (2) study enrollment; 
(3) the percentage of IDH mutant gliomas (<49% [median 
value of the selected studies] vs ≥49%); (4) TE 97  ms vs 
30–35 ms; and (5) TE 97 ms vs 110 ms.

An optimal cutoff value for 2HG was calculated from 
those studies providing individual patient data. The sensi-
tivity and specificity of 2HG MRS and the corresponding 
cutoff were estimated using the Youden index, which is 
defined as sensitivity + specificity − 1.42 The Youden index 
has a minimum value of −1 and a maximum value of +1, and 
a value of +1 represents the optimal value for an algorithm. 
Statistical analyses were conducted by one of the authors 
(C.H.S., with 5 years of experience in performing system-
atic reviews and meta-analyses) using the “metandi” and 
“midas” modules in Stata 15.0 (StataCorp), the “mada” 

package in R version 3.4.1, and MedCalc Software. A value 
of P < 0.05 was taken to indicate statistical significance.

Results

Literature Search

The study selection process is described in Fig.  1. The 
systematic search found 90 articles. After removal of 21 
duplicates, screening of the abstracts of the 69 remaining 
articles was performed, and 46 articles were excluded for 
the following reasons: 14 conference abstracts, 13 articles 
that were not in the field of interest, 12 reviews, 4 editorials/
letters/comments/notes, 2 animal studies, and 1 phantom 
study. Full-text reviews of 23 potentially eligible articles 
were performed, and a further 9 articles were excluded for 
the following reasons: 3 articles with partially overlapping 
patient cohorts,43–45 2 articles including only IDH mutant 
glioma,46,47 2 ex vivo studies,48,49 1 article assessing treat-
ment response,50 and 1 case series.51 Finally, 14 original 
articles investigating the diagnostic performance of 2HG 
MRS for prediction of IDH mutant glioma, with a total of 
460 patients, were included in our meta-analysis.6–19

Characteristics of the Included Studies

The patient and study characteristics are described in Table 1. 
Six studies had a prospective design,8,10,11,14,17,19 with the 
other studies not reporting the design. Patient enrollment 
was performed in a consecutive fashion in 5 studies,11,12,14,16,17 
but was not reported in the others. Eleven of the 14 studies 
included gliomas of WHO grades II, III, and IV,7–14,17–19 1 study 
included gliomas of grades II and III,15 1 study included glio-
mas of grades III and IV,6 and 1 study included only glioblast-
oma.16 All the selected studies used immunohistochemistry 
and/or genomic sequence analysis as a reference standard, 
with immunohistochemistry being conducted for mutated 
IDH1 (R132H) protein expression, and genomic sequence 
analysis for mutations in IDH1 or IDH2 genes.25

The MRI characteristics are shown in Table  2. Twelve 
studies used 3T scanners,6,8–12,14–19 1 study used a 7T scan-
ner,13 and 1 study used a 9.4T scanner.7 In terms of MRS 
sequences, 10 studies used PRESS,9–12,14–19 1 study used 
Mescher–Garwood PRESS (MEGA-PRESS),8 1 study used 
stimulated echo acquisition mode (STEAM),7 1 study used 
localization by adiabatic selective refocusing (LASER),6 
and 1 study used semi-LASER.13 Among the 10 stud-
ies using PRESS, 5 used a long TE (97 ms)9,10,12,18,19 and 5 
used a short TE (30–35 ms).11,14–17 All included studies used 
a single voxel spectroscopy approach to obtain 2HG con-
centration. In terms of voxel size, 6 of 14 studies used 
2 cm × 2 cm × 2 cm.9,10,13,17–19 Nine of the 14 studies used 
the 2HG concentration with a peak at 2.25 ppm as a cut-
off parameter, with the cutoff values for 2HG concentration 
varying from 0.897 to 2 mM.9–13,15–18

Quality Assessment

The results of the quality assessment based on 
QUADAS-2 criteria are illustrated in Fig.  2. Eight of 14 
studies were regarded as having an unclear risk of bias 
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in the patient selection domain because of non-consec-
utive enrollment.6–10,13,15,18,19 Thirteen of 14 studies were 
regarded as having an unclear risk of bias in the index 
test domain, as it was unclear whether 2HG MRS was 
performed blinded to the reference standard.6–8,10–19 Ten 
of 14 studies were regarded as having an unclear risk 
of bias in the reference standard domain, because it 
was unclear whether evaluation of the reference stand-
ard was performed blinded to the 2HG MRS.6–8,11,13,15–19 
Additionally, 10 of 14 studies were regarded as having 
an unclear risk of bias as the time intervals between 
2HG MRS and the reference standard were not mentio
ned.6,7,9–13,15,18,19 However, there were no concerns on the 
applicability of any of the studies.

Diagnostic Performance of 2HG MRS for 
Prediction of IDH Mutant Glioma

In all 14 studies, IDH mutant gliomas consistently showed 
a significantly higher accumulation of 2HG than did IDH 
wild-type gliomas. The sensitivities and specificities of the 
individual selected studies ranged from 72% to 100% and 
73% to 100%, respectively.

The pooled sensitivity and specificity for the diagnostic 
performance of 2HG MRS in the prediction of IDH mutant 
glioma were 95% (95% CI, 85–98%) and 91% (95% CI, 
83–96%; Fig.  3), respectively. The pooled PLR, NLR, and 
DOR were 11 (95% CI, 5.5–21.9), 0.06 (95% CI, 0.02–0.17), 
and 189 (95% CI, 51–693), respectively. The area under the 
HSROC curve was 0.96 (95% CI, 0.94–0.98), which suggests 
high diagnostic performance (Fig. 4).

The Q-test demonstrated that heterogeneity was present 
across the studies (Q = 4.716, P = 0.047), and the Higgins 

I2 statistic demonstrated that heterogeneity was present 
in the sensitivity (I2  =  50.69%), but not in the specificity 
(I2 = 30.37%). However, there was a small difference between 
the 95% confidence region and the 95% prediction region in 
the HSROC curve, indicating a low possibility of heterogene-
ity across the studies (Fig. 4). The coupled forest plot of the 
sensitivity and specificity indicated no evidence of a thresh-
old effect (Fig. 3), and the Spearman correlation coefficient 
between the sensitivity and false positive rate was 0.289 
(95% CI, −0.285–0.711), also indicating no threshold effect. 
The Deeks funnel plot revealed that the likelihood of pub-
lication bias was low (P = 0.25; Supplementary Figure. S1).

Subgroup Analysis and Meta-Regression

In the subgroup analysis, studies using PRESS as the MRS 
sequence also showed high sensitivity (91% [95% CI, 
82–96%]) and specificity (90% [95% CI, 83–95%]), with the 
area under the HSROC curve being 0.95 (95% CI, 0.93–0.97). 
The heterogeneity in the sensitivity was resolved (I2 = 43.73%) 
and remained absent from the specificity (I2 = 32.19%).

Among the various potential covariates, the TE was asso-
ciated with study heterogeneity (Supplementary Table S1). 
Although studies using PRESS as the MRS sequence 
showed high sensitivity (91% [95% CI, 84–98%]) and spe-
cificity (90% [95% CI, 85–96%]), those studies using PRESS 
with a long TE (97 ms) showed higher sensitivity (92% [95% 
CI, 85–99%]) and specificity (97% [95% CI, 92–100%]) than 
those using a short TE (30–35 ms; sensitivity of 90% [95% 
CI, 79–100%], specificity of 88% [95% CI, 83–93%]; P < 0.01). 
Otherwise, the study design, study enrollment, and per-
centage of IDH mutant glioma were not significant factors 
affecting the heterogeneity.
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Records excluded (n = 46):

Records excluded (n = 9):

Conference abstracts (14)

Partially overlapping patient cohort (3)
Included only IDH mutant glioma (2)

Assessing treatment response (1)
Case series (1)

Ex vivo (2)

Not in the field of interest (13)
Reviews (12)
Letters/editorials/comments/notes (4)
Animal study (2)
Phantom study (1)

Records after duplicates removed
(n = 69)

Records screened based on title and
abstract (n = 69)

Full-text articles assessed for eligibility
(n = 23)

Studies included in qualitative synthesis
(n = 14)

Studies included in quantitative
synthesis (n = 14)

Fig. 1  Flow diagram of the study selection process.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noy113#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noy113#supplementary-data
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Fig. 2  QUADAS-2 criteria for the 14 included studies.
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Fig. 3  Coupled forest plots of the pooled sensitivity and specificity for the diagnostic performance of 2-hydroxyglutarate MRS for prediction of 
IDH mutant glioma. Numbers are pooled estimates with 95% CIs in parentheses; horizontal lines indicate 95% CIs.
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Diagnostic Performance Using Individual 
Patient Data

Five studies provided individual patient data including 
IDH mutation status and 2HG concentration (mM) meas-
ured on MRS.8–10,14,18 These studies included a total of 173 
patients, with 106 patients (61.4%) having IDH mutant 
gliomas. The area under the ROC of 2HG MRS for predic-
tion of IDH mutant glioma was 0.903 (95% CI, 0.85–0.94; 
Supplementary Figure  S2). The optimal cutoff value was 
1.76 mM using the Youden index, resulting in a sensitivity 
of 75% (95% CI, 65–83%) and specificity of 94% (95% CI, 
85–98%).

After excluding one study using short TE,14 individual 
patient data using 4 studies were calculated.8–10,18 These 
studies included a total of 126 patients, with 88 patients 
(70.0%) having IDH mutant gliomas. The area under the 
ROC of 2HG MRS for prediction of IDH mutant glioma was 
0.921 (95% CI, 0.859–0.962). The optimal cutoff value was 
2.0 mM using the Youden index, resulting in a sensitivity 
of 80% (95% CI, 70–87%) and specificity of 95% (95% CI, 
82–99%).

Treatment Response

Among the included studies, 2 mentioned the use of 2HG 
in monitoring treatment response.10,12 One study showed 

that 2HG concentration levels rapidly decreased in oligo-
dendroglioma and with a slower time course in astrocy-
toma and mixed glioma in response to cytotoxic therapy.10 
Another study also reported a decrease in 2HG concentra-
tion levels after cytoreductive therapy in IDH mutant gli-
oma patients.12

Discussion

This study revealed that 2HG MRS has excellent diag-
nostic performance in the prediction of IDH mutant gli-
oma. The pooled sensitivity was 95% (95% CI, 85–98%), 
the pooled specificity was 91% (95% CI, 83–96%), and 
the area under the HSROC curve was 0.96 (95% CI, 
0.94–0.98). Heterogeneity was present in the sensitivity 
(I2 = 50.69%), but not in the specificity (I2 = 30.37%). The 
meta-regression revealed that TE was associated with 
study heterogeneity. Among the studies using PRESS, 
those using a long TE (97  ms) showed higher diagnos-
tic performance than those using a short TE. Using indi-
vidual patient data, the optimal cutoff value for 2HG was 
found to be 1.76 mM. Further validation of this optimal 
cutoff value for 2HG is critical for its application to gli-
oma management in daily practice.

There are several potential clinical applications for 2HG 
MRS in glioma management. First, 2HG MRS could be 
used to accurately predict IDH mutation status, even in 
those patients who cannot undergo surgical procedures 
or biopsy, particularly those with brainstem glioma. 
Second, 2HG MRS could be used to indirectly predict IDH 
mutation status in those gliomas classified as “not other-
wise specified” according to the 2016 WHO classifica-
tion when laboratory IDH testing is not available. Third, 
2HG detection by MRS could be utilized as a pharmaco-
dynamic marker to monitor treatment response.10,12,50 
Concentration of 2HG increases sharply with tumor pro-
gression, whereas it decreases in response to treatment.10 
Other studies also reported a decrease in 2HG concen-
tration levels after cytoreductive therapy in IDH mutant 
glioma patients.12,50 Our study highlights the use of 2HG 
for points in clinical management of glioma beyond sim-
ply measuring 2HG for diagnostic purpose. Recently, a 
phase I  clinical trial used 2HG MRS to document treat-
ment response to a mutant-IDH1 inhibitor and showed a 
decrease of 2HG levels by 70% after one week of treat-
ment.52 There was preclinical data from studies using 
AG-120, a potent orally available mutant-IDH1 inhibitor, 
and more than 77% inhibition of 2HG production in a 
mouse model with IDH1 mutant glioma was observed.53 
Treatment monitoring of a mutant-IDH1 inhibitor using 
2HG MRS may be used for personalized and precision 
medicine and early treatment response in clinical trials. 
Fourth, 2HG MRS might help to distinguish tumor recur-
rence from treatment-related changes in patients who 
have undergone surgery and/or concurrent chemoradio-
therapy. Although laboratory IDH testing remains the gold 
standard for detecting IDH mutation, 2HG MRS could con-
tribute to glioma management.

An advantage of 2HG MRS over other MRI techniques is 
that it can be used as direct evidence of increased levels 
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tiv
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0

1.0 0.8 0.6 0.4

Specificity

Study estimate Summary point

HSROC curve

95% prediction
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95% confidence
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0.2 0

Fig. 4  HSROC curve of the diagnostic performance of 2HG MRS 
for prediction of IDH mutant glioma. There is a small difference 
between the 95% confidence and 95% prediction regions, indicat-
ing a low possibility of heterogeneity between the studies.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noy113#supplementary-data
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of 2HG, an oncometabolite that is a direct consequence 
of an IDH mutation.54 In addition, 2HG MRS shows higher 
diagnostic performance (pooled sensitivity of 95% and 
specificity of 91%) for the prediction of IDH mutant glio-
mas than other MRI techniques, with conventional MRI 
having shown a wide range of sensitivities (71–100%) and 
specificities (51–100%).20–22 Diffusion-weighted imaging 
and perfusion-weighted imaging have also demonstrated 
wide ranges of sensitivities (56–100%) and specificities 
(63–100%).23–30 In addition, 2HG concentration is known to 
correlate positively with tumor cellularity.10,12 High cellular-
ity tumors demonstrated significantly higher 2HG concen-
tration than low cellularity tumors.10,12

However, 2HG MRS has not been widely used because 
of the difficulty in optimizing 2HG MRS sequences, the 
challenging post-processing, the lack of commercialized 
sequences or post-processing software, and the shortage 
of large-scale cohort studies. Therefore, standardization 
of 2HG MRS is crucial. We found that the PRESS sequence 
was the most commonly used MRS sequence (10 of 14), 
and among those studies using PRESS, 5 used a long TE 
(97 ms)9,10,12,18,19 and 5 used a short TE (30–35 ms).11,14–17 In 
the meta-regression, the studies using a long TE (97 ms) 
showed higher diagnostic performance (sensitivity, 92%; 
specificity, 97%) than those using a short TE (30–35 ms; 
sensitivity, 90%; specificity, 88%). Therefore, we cau-
tiously recommend a long TE PRESS sequence for 2HG 
MRS, although further clinical validation of 2HG MRS 
should be performed. Another consideration is voxel 
size of MRS and tumor volume. The voxel size should be 
adapted to tumor size to minimize partial volume effects. 
In our study, voxel size of 2 cm × 2 cm × 2 cm was most 
commonly used. One recent study reported that detec-
tion of 2HG by MRS is highly dependent on tumor vol-
ume, and that diagnostic performance was higher for 
large tumors (>8 mL) than for small tumors (<3.4 mL).12 
In addition, all included studies that have measured 2HG 
concentration in patients have advanced expertise in 
MRS and used custom-designed software (LCModel) for 
2HG quantitation. In case of a clinical environment where 
this expertise is not available, manufacturers of MR sys-
tems need to develop push-button applications to allow 
assessment of IDH status.

Determination of a standard cutoff value is clinically 
important if standardized 2HG MRS is to be used in daily 
clinical practice. We found that 9 studies used the 2HG 
concentration with a peak at 2.25 ppm as a cutoff param-
eter, with the cutoff values for 2HG concentration vary-
ing from 0.897 to 2 mM. Using the individual patient data, 
we found an optimal cutoff value for 2HG of 1.76  mM. 
However, one study reported that a combined measure-
ment of 2HG and glutamate had a higher diagnostic per-
formance (sensitivity, 88%; specificity, 100%) than 2HG 
concentration alone (sensitivity, 75%; specificity, 100%).14 
Another study reported that MEGA-PRESS measuring 
2HG at 4.02  ppm showed higher diagnostic perform-
ance (sensitivity, 100%; specificity, 100%) than optimized 
PRESS (sensitivity, 72%; specificity, 100%).8 Therefore, 
further large cohort studies are needed to determine opti-
mal cutoff values.

Several limitations to this study are of note. First, 
only 6 of 14 studies used a prospective design, and 

most studies included only a small number of patients 
and were therefore vulnerable to selection bias. Further 
large-scale prospective studies are needed. Second, we 
could not perform subgroup analysis for lower-grade gli-
omas (glioma grades II and III) and glioblastoma (grade 
IV) because of the paucity of information. The prediction 
of IDH mutation is more important in lower-grade gli-
oma and has a great impact on survival.2 Further studies 
evaluating the covariates affecting the diagnostic accu-
racy of 2HG MRS are required. Third, heterogeneity was 
present in the sensitivity. To overcome this heterogene-
ity, we performed subgroup analysis and meta-regres-
sion. The heterogeneity was resolved in the subgroup 
analysis of the studies using a PRESS sequence. In the 
meta-regression, TE was associated with heterogeneity. 
Fourth, we used 2HG/creatine ratio rather than absolute 
2HG concentrations to diagnose IDH mutations in 2 stud-
ies because there was no information regarding 2HG 
concentrations.7,19

In conclusion, 2HG MRS demonstrated excellent spe-
cificity for prediction of IDH mutant glioma, with the 
TE value being associated with heterogeneity in the 
sensitivity.
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