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The most recent World Health Organization (WHO) classifica-
tion currently categorizes diffuse gliomas by molecular rather 
than histopathological features and depends primarily on the 
isocitrate dehydrogenase (IDH) enzyme mutation status.1 IDH-
mutant gliomas typically present at lower histologic grades (II 
and III) and have a better prognosis compared to their IDH wild-
type counterpart gliomas.2 Most IDH-mutant gliomas eventually 
transform to higher grades, suggesting the need for aggressive 
early treatment.2 Therefore, current clinical practice advocates 
for maximal extent of safe tumor resection even in asympto-
matic, incidentally discovered low-grade gliomas with the ex-
tent of tumor resection found to be associated with improved 
overall survival and progression-free interval in these patients.3 
Additionally, following surgical resection, those patients with 
IDH-mutant gliomas classified as high-risk benefit from adju-
vant therapy with radiation and chemotherapy.2

Structural magnetic resonance imaging (MRI) is currently 
the standard of care to guide surgical resection, biopsy, or 
radiation therapy in gliomas. Unlike IDH wild-type gliomas, 
IDH-mutant gliomas usually do not show contrast enhance-
ment, and tumor margins are demarcated by T2-weighted and 
fluid-attenuated inversion recovery (FLAIR) sequences are 
used to guide treatment including surgery and radiation plan-
ning.4 However, signal abnormalities on FLAIR sequences are 
not specific; edema and gliosis can appear as similar signal 
intensities as infiltrative tumor, and normal appearing brain 
may have tumor infiltration that is not radiographically vis-
ible on structural MRI suggesting that tumor volume defined 
by FLAIR sequences on structural MRI may not accurately esti-
mate actual disease.4 To address these limitations of structural 
MRI, other imaging techniques are currently being evaluated 
to improve specificity in depicting tumor boundaries. Some 
of these techniques that are readily available in clinical prac-
tice such as 18F-fluorodeoxyglucose (FDG) positron emission 
tomography (PET) and perfusion-weighted imaging (PWI) also 
have inherent shortcomings: IDH-mutant gliomas have low 
metabolic activity on FDG-PET and are indistinguishable from 
the adjacent normal brain on PWI, thereby limiting their utility 

in determining the full extent of tumor infiltration.5 The need 
to explore additional imaging biomarkers of tumor burden 
and invasion is salient because a growing body of evidence 
indicates that resection of tumor beyond the boundaries vis-
ible on structural MRI (supratotal resection) confers prolonged 
progression-free survival, reduced rate of malignant transfor-
mation and a longer overall survival.6

Several recent studies have demonstrated that both high- 
and low-grade gliomas result in angiogenesis-induced vas-
cular remodeling that can alter the normal coupling relationship 
between transient neural activity and cerebral blood flow 
(neurovascular uncoupling) with attenuation of blood oxygen 
level-dependent (BOLD) signal activation.7 Taking advantage 
of this known phenomenon of vascular dysregulation in and 
around tumors, the study by Petridis et al reported in this issue 
of Neuro-Oncology utilized a novel imaging method to quan-
tify asynchrony in resting-state BOLD functional MRI (fMRI) 
dynamics between IDH-mutant gliomas and normal healthy 
brain, which they term BOLD asynchrony (BA).8 Previous work 
by the same group demonstrated that BA correlated with tumor 
burden in IDH wild-type gliomas9 and that the degree of vas-
cular dysregulation in IDH wild-type gliomas is greater than 
that of IDH-mutant tumors.10 In this study, stereotactically local-
ized biopsies were collected from ten treatment-naïve patients 
with IDH-mutant gliomas who also underwent preoperative 
standard-of-care MRI including PWI and resting-state fMRI. 
Signal intensity for BA and standard-of-care MRI was compared 
to histologic features of total cellularity, tumor density, cellular 
proliferation, and neuronal density. Results of this study dem-
onstrated that BA had significantly more predictive power for 
all the histological features compared to standard-of-care MRI 
T1-weighted and FLAIR sequences and more predictive power 
for some histological features compared to apparent diffusion 
coefficient (ADC) and T2-weighted sequences. Specifically, 
the degree of BA was directly related to tumor density, total 
cellularity, and cellular proliferation and inversely related to 
neuronal density. Histological analysis of localized biopsies sug-
gested that the vascular dysregulation was secondary to local 
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infiltration by glial cells. Of interest, BA maps demarcated 
regions of vascular dysregulation and predicted that greater 
than 99% of the tumor is within 1.84 cm of the margins iden-
tified on standard-of-care MRI. By comparison, PWI param-
eters did not reveal abnormalities adjacent to the tumor and 
were not predictive of any histologic features.

A few limitations of this study and of the novel imaging 
method must be discussed. BA is based on a statistical sum-
mary of voxel data, and therefore it has lower spatial resolution 
and can be prone to noise. Quantitative maps derived from BA 
data thus require registration with anatomical imaging to re-
duce the likelihood of false-positive interpretation. Therefore, 
resting-state BOLD imaging must be used in conjunction with 
standard-of-care structural imaging. The small study sample 
size with a mix of oligodendrogliomas and astrocytomas, and 
inherent glioma heterogeneity, limits conclusions about the 
differences in BA in these subtypes of IDH-mutant gliomas and 
warrants further investigation in larger sample sizes. Finally, 
despite the use of localized biopsies in this study, the mech-
anism underlying resting-state fMRI-based BA remains com-
plex with the authors themselves raising the concern that BA 
may underestimate tumor burden at the boundaries of infil-
tration, suggesting the need for additional advanced imaging 
techniques to complement BA findings.

Despite these limitations, recent studies by Petridis et al 
and others represent an important evolving effort that 
aims to identify sensitive surrogate imaging biomarkers to 
assess the degree of tumor infiltration that could improve 
neurosurgical resection and radiation treatment planning 
while preserving healthy brain in patients with gliomas.

Acknowledgments

The text is the sole product of the authors and that no third party 
had input or gave support to its writing.

Conflict of interest statement. None declared.

References

1. Louis  DN, Perry  A, Wesseling  P, et  al. The 2021 WHO classification 
of tumors of the central nervous system: a summary. Neuro Oncol. 
2021;23(8):1231–1251.

2. Youssef G, Miller JJ. Lower grade gliomas. Curr Neurol Neurosci Rep. 
2020;20(7):21.

3. Hervey-Jumper SL, Berger MS. Maximizing safe resection of low- and 
high-grade glioma. J Neurooncol. 2016;130(2):269–282.

4. Ding  H, Huang  Y, Li  Z, et  al. Prediction of IDH status through 
MRI features and enlightened reflection on the delineation of 
target volume in low-grade gliomas. Technol Cancer Res Treat. 
2019;18:1533033819877167.

5. Yang  Y, He  MZ, Li  T, Yang  X. MRI combined with PET-CT of different 
tracers to improve the accuracy of glioma diagnosis: a systematic review 
and meta-analysis. Neurosurg Rev. 2019;42(2):185–195.

6. Rossi M, Gay L, Ambrogi F, et al. Association of supratotal resection with 
progression-free survival, malignant transformation, and overall survival 
in lower-grade gliomas. Neuro Oncol. 2021;23(5):812–826.

7. Pak RW, Hadjiabadi DH, Senarathna J, et al. Implications of neurovascular 
uncoupling in functional magnetic resonance imaging (fMRI) of brain tu-
mors. J Cereb Blood Flow Metab. 2017;37(11):3475–3487.

8. Petridis  PD, Horenstein  C, Pereira  B, et  al. BOLD asynchrony elu-
cidates tumor burden in IDH-mutated gliomas. Neuro Oncol. 
2022;24(1):78–87.

9. Bowden  SG, Gill  BJA, Englander  ZK, et  al. Local glioma cells are as-
sociated with vascular dysregulation. AJNR Am J Neuroradiol. 
2018;39(3):507–514.

10. Englander ZK, Horenstein CI, Bowden SG, et al. Extent of BOLD vascular 
dysregulation is greater in diffuse gliomas without isocitrate dehydro-
genase 1 R132H mutation. Radiology. 2018;287(3):965–972.

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/1/88/6409977 by M

ilbank M
em

orial Library user on 17 June 2022


