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Abstract
Purpose of Review Isocitrate dehydrogenase (IDH) mutation status has important prognostic implications in glioma patients,
with IDH wild-type (IDH-WT) gliomas being associated with worse prognosis and shorter survival when compared with IDH
mutant (IDH-mut) gliomas. Optimization of quality of life is a priority in the management of glioma patients. The goal of this
systematic review was to identify studies that explored the association of IDH mutation status with patient-reported outcomes
(PROs) and cognitive functioning of glioma patients.
Recent Findings Studies that evaluated the association of IDHmutation status with PROs and/or cognitive functioning of glioma
patients were identified from the Pubmed/MEDLINE, Clarivate analytics, and Google Scholar databases. Eight studies (7 journal
articles and 2 conference abstracts) with a total of 658 low-grade glioma and high-grade glioma patients investigated the
association of cognitive functioning and/or QoL with IDH status. IDH-WT status was associated with greater cognitive impair-
ment relative to IDH-Mut status in three studies, while one study did not find the association between IDH status and periop-
erative cognitive functioning. One study reported worse postoperative cognitive functioning patients with IDH-WT vs. IDH-mut
gliomas. In one study, IDH-WT status was linked to greater impairment on physical and communication functioning after
surgery.
Summary IDH-WT gliomas are associated with greater cognitive burden than IDH-Mut tumors. The association of IDH status
with QoL remains less clear. Assessment of IDH status should be considered when evaluating QoL and cognitive complaints of
glioma patients. Further studies linking glioma molecular phenotypes with PROs and cognitive functioning are encouraged.
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Introduction

Glioma is the most common malignant intracranial tumor and
is a significant source of cancer-related morbidity and mortal-
ity worldwide [1, 2]. The prognosis for World Health
Organization (WHO) grade III and IV (high-grade) remains
dismal, with limited treatment options, progressive clinical
course, and median survival under 2 years for the most ag-
gressive tumors, glioblastoma (WHO grade IV) [3]. Lower-
grade gliomas are associated with a more indolent clinical
course and longer survival than high-grade; however, lower-
grade gliomas often progress into high-grade gliomas
resulting in expedited clinical deterioration and death [3, 4].

Mutation in the enzymes isocitrate dehydrogenase 1 and 2
(IDH1/2) has recently emerged as an important prognostic
biomarker in glioma [5, 6]. IDH1/2 plays numerous key roles
in cellular metabolism and also protects cells from oxidative

This article is part of the Topical Collection on Neuro-oncology

* Adomas Bunevicius
a.bunevicius@yahoo.com

1 Department of Neurosurgery, Brigham and Women’s Hospital,
Boston, MA, USA

2 Harvard Medical School, Boston, MA, USA
3 Neuroscience Institute, Lithuanian University of Health Sciences,

Kaunas, Lithuania
4 Department of Neurosurgery, University of Virginia, 1 Hospital Dr.,

Charlottesville, VA 22903, USA
5 Pappas Center for Neuro-Oncology, Massachusetts General

Hospital, Boston, MA, USA
6 Department of Neurology, Massachusetts General Hospital,

Boston, MA, USA
7 Department of Psychiatry, Massachusetts General Hospital,

Boston, MA, USA

https://doi.org/10.1007/s11912-020-00978-9

/ Published online: 23 September 2020

Current Oncology Reports (2020) 22: 120

http://orcid.org/0000-0003-0446-6898
http://crossmark.crossref.org/dialog/?doi=10.1007/s11912-020-00978-9&domain=pdf
mailto:a.bunevicius@yahoo.com


damage [7]. IDH mutations occur in the majority of WHO
grade II and III gliomas, as well as in glioblastomas evolved
from lower-grade glioma [5, 7]. It is now well established that
IDH wild-type (WT) gliomas, when compared with IDH-
mutant (mut) gliomas, carry poorer clinical prognosis and
are associated with shortened survival [5, 6, 8]. IDH-WT
low-grade gliomas were shown to be more similar to primary
glioblastomas in terms of genomic aberrations and clinical
behavior [9–11]. Hence, IDHmutation status has been includ-
ed in the most recent iteration of the WHO diagnostic classi-
fication of brain tumors and is increasingly being considered
in treatment planning for glioma patients [12].

In addition to the differences in survival, it is becoming
increasingly clear that distinct underlying tumorigenic pro-
cesses drive IDH-mut and IDH-WT [9, 13, 14] highlighting
the idea that these two glioma types are best considered dif-
ferent diseases. Despite the divergent biology, genomic alter-
ations, and clinical course, there continues to be a tendency
within the community to treat these two patient populations
similarly. To some extent, this tendency is appropriate, as both
IDH-mut and IDH-WT tumors are characterized by an infil-
trative growth pattern through the brain, as opposed to brain
metastases, which tend to be more well-encapsulated.
Consequently, the two glioma types disrupt normal brain
function in similar ways. On the other hand, recent studies
suggest IDH-Mut and IDH-WT gliomas affect the neuronal
and immune microenvironments in different ways [15, 16]
which very likely impact symptomatology, cognitive out-
comes, and response to certain therapies. The significant dif-
ferences in biology require incorporation of IDH mutation
status into outcome analyses to better understand the impact
of this important disease variable.

Progressive decline in cognitive functioning and increasing
symptom burden are common in both IDH-mut and IDH-WT
glioma patients and can be attributed to both disease progres-
sion and side effects from standard glioma treatments (sur-
gery, radiotherapy, and chemotherapy) [17]. Patient-reported
outcomes (PROs) are valuable metrics for evaluation of the
experience, symptoms, and quality of life (QoL) of glioma
patients [18]. They are usually obtained using self-report mea-
sures and reflect patient perception of the burden imposed by a
disease. Cognitive symptoms can be evaluated by both PROs,
in the form of self-report of cognitive dysfunction or by
performance-based neuropsychological tests. Because brief
cognitive screens have been shown to be insensitive to impor-
tant cognitive symptoms in brain tumor patients [19], neuro-
psychological tests with adequate sensitivity have been in-
creasingly added to clinical trials as outcome measures [20]
and are increasingly being incorporated into the clinical man-
agement of glioma patients [21, 22].

PROs and performance-based measures have shown that
progressive deterioration of QoL and cognitive function are
common and potentially inevitable complications of gliomas

that carry independent prognostic significance for high-grade
glioma patients [23]. Long-term survivors of low-grade glio-
mas also often experience decline in QoL [24, 25] and cogni-
tive function. Preservation of optimal cognitive functioning
and QoL are increasingly becoming priorities in the manage-
ment of glioma patients [18, 26, 27].

The association between clinically relevant biomarkers, such
as IDH status, and survival has been well established, but the
impact of these biomarkers on important outcomes such as
cognitive functioning and QoL has only recently become the
target of research. The relevance of IDH mutational status to
cognitive function and QoL may be important for treatment
guidance in glioma patients. Individual, clinically relevant mo-
lecular profiles might be considered in treatment decision-
making in order to optimize patient quality of life. Although
literature linking PROs and cognitive function with IDH status
is growing, a systematic review of the state of this literature is
needed to assess the maturity of knowledge in this area, deter-
mine whether there are implications for clinical decision mak-
ing, and guide future research. The goal of this review was to
systematically examine the association of IDH mutation status
with cognitive function and QoL of glioma patients.

Methods

The reviewwas implemented in accordance with the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement [28].

Data Sources and Search Strategy

This systematic review of the literature was conducted on
May 15, 2020, with the goal to identify available published
studies or conference abstracts that evaluated the association
of IDH1/2 mutation status (IDH-Mut or IDH-WT) with cog-
nitive functioning and QoL of patients with gliomas. Articles
were identified from Pubmed/Medline, Clarivate analytics,
and Google Scholar databases using relevant keywords (mesh
vocabulary or free text terms): “IDH,” “isocitrate dehydroge-
nase,” “cognitive,” and “quality of life”. There were no restric-
tions on country of origin and publication date. Only original
research papers or conference proceedings of studies per-
formed in humans and with their abstracts or full-texts avail-
able in English were considered for this review. Review arti-
cles, case reports, commentaries, and editorials were not in-
cluded in the analyses. References of identified papers were
reviewed for other relevant publications.

Study Selection and Data Extraction

Initial analysis of the identified publications was performed by
reviewing titles and abstracts of all identified papers and
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conference abstracts. Case-control and prospective cohort
studies were included in the analyses if they compared PRO
measures (cognitive functioning and/or QoL) in patients diag-
nosed with gliomas (any grade) as a function of IDH status
(IDH-Mut vs. IDH-WT). There were no restrictions with re-
gard to PRO measures used, method used for IDH status as-
sessment, and glioma histological grade.

Relevant articles were extracted and subjected to full-text
analyses. In cases of conference proceedings, only relevant
data provided in the abstract was considered for the analysis.
Full-text of selected articles was reviewed, and the following
variables were extracted from the full-text and/or abstracts of
each paper: year and country of publication, glioma histolog-
ical grade, proportion of patients with IDH-WT gliomas, in-
vestigated PROs (instruments/questionnaires and scoring with
thresholds), and differences of investigated PROs as a func-
tion of IDH status (IDH-Mut vs. IDH-WT).

Results

We identified 8 studies (7 journal articles and 2 conference
abstracts) that included a total of 658 low-grade glioma and
high-grade glioma patients that investigated the association of
cognitive functioning and/or QoL as a function of IDF-WT or
IDH-Mut status (Fig. 1 and Table 1). The results of one study
with overlapping samples of glioma patients were published
in two peer-review journal publications [33, 34]. Published
study sample sizes ranged from 49 [32] to 168 [33, 34]
patients.

Cognitive Functioning

The association of IDH status with cognitive functioning as
measured by performance-based testing was investigated in
seven studies [29•, 30••, 31••, 32–36]. Five studies found that
baseline preoperative cognitive functioning was worse in
IDH-WT glioma patients when compared with patients har-
boring IDH-Mut gliomas [29••, 30••, 34, 35, 38]. Specifically,
Wefel and colleagues employed a comprehensive battery of
14 neurocognitive tests in 119 malignant glioma patients be-
fore surgery and found that patients with IDH1-WT tumors
performed significantly worse on verbal learning and memo-
ry, processing speed, executive function, auditory comprehen-
sion, and manual dexterity relative to patients with IDH1-mut
gliomas [29•] prior to any intervention. Furthermore, the pro-
portion of patients with impairment on 3 or more and 5 or
more cognitive domains was greater in patients with IDH1-
WT gliomas, indicating greater cognitive burden associated
with IDH1-WT status. Although this study did not include
PRO measures of QoL or self-reported cognitive symptoms,
there were indications of slightly poorer Karnofsky perfor-
mance status (KPS) in the IDH-WT group. Another study by

Kessler and colleagues employed a flexible battery of cogni-
tive measures based on clinical needs prior to initial surgery
and found that incidence of cognitive impairment defined as z-
score of ≤ − 1.5 on two tests or ≤ −2.0 on one test was signif-
icantly higher in patients with IDH1-WT gliomas when com-
pared with that in patients with IDH1-mut gliomas (84% vs.
65%, respectively) [30••]. Derks and colleagues used a battery
of cognitive tests measuring verbal memory, executive func-
tioning and psychomotor speed, working memory, informa-
tion processing speed and psychomotor speed, attention func-
tioning, and executive functioning in 54 diffuse grade II–IV
glioma patients prior to initial surgery [38]. They found that
IDH1-WT glioma patients performed worse on cognitive test-
ing relative to patients with IDH-Mut gliomas; however, only
difference in the summary score of a verbal memory test
reached statistical significance after adjusting for age, pres-
ence of epilepsy, and education. Van Kessel and colleagues
examined predictors of overall and domain-specific
neurocognitive functioning in 168 (age range: 19 to 82 years)
consecutive diffuse WHO grade II (n = 64), grade III (n = 28),
and grade IV (n = 76) glioma patients before and 3–6 after
awake glioma surgery [33, 34]. Patients were evaluated for
attention and executive functioning (four tests), memory (four
tests), language (two tests), visuospatial functioning (two
tests), and psychomotor speed (three tests). Seventy-five
(48.3%) gliomas were IDH-mut. IDH mutation status corre-
lated with impairment of memory, psychomotor speed, and
visuospatial domains at baseline independent of tumor vol-
ume on T2/FLAIR-weighted MRI [34]. IDH wild-type status
was also associated with a further decline in overall
neurocognitive functioning and executive functioning after
surgery, independent of other clinical and demographic vari-
ables [33]. Another study of 20 (n = 8 IDH-wt) WHO grade I
(n = 1), II (n = 6), III (n = 7), and IV (n = 5) glioma patients
found that patients harboring IDH-wt gliomas had worse ver-
bal recall and verbal recognition than patients with IDH-mut
gliomas [35].

Lee and colleagues evaluated health-related quality of life
and cognitive functions (digit span tests, verbal fluency, and
the Trail Making Tests parts A) in 61 high-grade glioma pa-
tients before and after tumor resection surgery [36]. They re-
ported that cognitive function scores were similar in patients
with IDH1-WT gliomas when compared with those in patients
with IDH-Mut gliomas. However, at postoperative assess-
ment, Trail Making Test and verbal fluency scores were sig-
nificantly better in patients with IDH1-mut gliomas compared
with that in patients IDH1-WT gliomas, and this association
was independent of patient age, performance status, tumor
size and location, and extent of resection. Furthermore, these
authors found that other molecular biomarkers of gliomas,
including 1p/19q deletion,MGMTpromoter methylation, epi-
dermal growth factor receptor (EGFR) amplification, phos-
phatase and tensin homolog (PTEN) loss, and c-Met
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Table 1 Summary of studies that explored the association of IDH status with PROs of glioma patients

Author, year/country Sample size (IDH-wt)/
diagnosis/age

Cognitive status and PRO assessment
strategies

Assessment
timing

Main results

Journal articles

Wefel et al.,
2016/USA [29•]

119 (66) / malignant
glioma / range
22–84 yrs.

Neurocognitive battery: WAIS-R/III Digit
Span (attention); HVLT-R (learning and
memory); Trail Making Test Part A and
WAIS-R/III Digit Symbol (processing
speed); Trail Making Test Part B,
WAIS-R/III Similarities and MAE
COWAT (executive function); MAE
language subtests (language);
WAIS-R/III Block Design (visuospatial
function); Grooved Pegboard (motor
function)

Before
surgery

Patients with IDH1-WT gliomas performed
significantly worse than patients with
IDH1-mut tumors on measures of verbal
learning and memory (HVLT–R TR,
DR), processing speed (Digit Symbol;
TMTA), executive function (TMTB;
COWA), auditory comprehension
(Token), and manual dexterity (Peg-
Left; Peg- Right).

The frequency of impairment on 3 or more
and on 5 or more neurocognitive
measures was significantly greater in
patients with IDH1-WT than those with
IDH1-mut tumors (56% vs. 25%,
P < .001 and 26% vs. 9%, P = .023,
respectively).

Kesler et al., 2017 /
USA [30••]

72 (32) / malignant
astrocytoma /
45 ± 14 years

Neurocognitive battery: Hopkins verbal
learning test (memory); Trail making test
parts A and B (executive function,
attention, processing speed); MAE,
Boston naming test, WAIS-R/III
(language, executive function); Grooved
pegboard and Grip strength (motor)

Before
surgery

Incidence of cognitive impairment was
significantly higher in IDH1-wt when
compared IDH1 mutant tumors: 84%
and 65%, respectively.

Derks et al., 2018 /
The Netherlands
[31••]

54 (23) / diffuse grade
II-IV glioma /
45.2 ± 15.2

Neurocognitive battery: Rey Auditory
Verbal Learning Test (verbal memory);
Part C of the Concept Shifting Test and
Stroop Color Word Test (executive
functioning, attention, and psychomotor
speed); Memory Comparison Test
(working memory), Letter Digit
Substitution Test (information
processing and psychomotor speed);
Categorical Word Fluency test
(executive functioning)

Before
surgery

IDH1-WT glioma patients had worse
verbal memory after adjusting for age,
presence of epilepsy, and education.

Performance on other cognitive tests was
not different as a function of IDH status.

Barzilai et al., 2018
/ Israel [32]

49 (29) / low grade
glioma / mean
35.4 yrs. (range
22–66 yrs.)

Neurocognitive battery: WAIS-III
(intelligence, attention and working
memory); Wechsler Memory Scale
(memory); Rey complex figure and
Taylor alternative figure tests, RAVLT
(visuomotor organization, memory, and
learning); Hebrew naming test,
COWAT, Stroop test (language and
executive functions)

Before and
after
surgery

IDH mutation status did not affect
neuro-cognition and did not correlate
with cognitive changes as a function of
surgery.

Van Kessel et al.,
2020 / The
Netherlands [33,
34]

168(93) / WHO
grades II, III, and
IV / mean
51.69 yrs. (range
19–82 yrs)

Neurocognitive battery: WAIS Digit Span
Forward, Trail Making Test Switching
ratio (TMTB/TMTA), Phonologic
fluency, Stroop/Delis Kaplan Executive
Function System inhibition ratio (all
attention and executive functioning);
WAIS Digit Span Backward, Words test
direct, delay, recognition, Rey-Osterieth
Complex Figure Test delay and
Semantic Fluency (all memory); Boston
Naming Test and Token Test (all
language); Judgment of Line Orientation
and ROCF direct (all visuospatial
functioning); and Stroop/DKEFS I,
Stroop/DKEFS II and TMTA (all
psychomotor speed)

Before and
3–-
6 months
after
awake
surgery

IDH-WT status was associated with
cognitive impairment at baseline
independent of tumor volume, and
predicted decline of overall
neurocognitive functioning and
executive functioning in multivariate
regression models adjusted for clinical
characteristics.
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expression, were not associated with cognitive functioning
and PROs either before or after surgery.

Barzilai and colleagues tested memory, language,
attention/working memory, and visuomotor organization in a

sample of 49 low-grade glioma patients before and after glio-
ma resection surgery [32]. They noted improvement of cogni-
tive functioning after resection of glioma; however, IDH1
mutation status was not associated with the extent of

Records identified through 
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(n = 92)

S
cr
ee

n
in
g

In
cl
u
d
ed

E
lig

ib
ili
ty

Id
en

ti
fi
ca

ti
o
n

Additional records identified 
through other sources

(n = 3) 

Records after duplicates removed
(n = 94) 

Records screened
(n = 94) 

Records excluded (n = 74):
Basic research (n=2)
Case report (n=2)
Commentary (n=2)
No QoL/cognitive data (n=8)
Not brain tumor patients (n=39)
Pathology report (n=1)
Technical report (n=2)
Clinical trial protocol (n=1)
Review (n=17)

Full-text articles assessed
for eligibility

(n = 20) 

Full-text articles excluded, with reasons (n=11):
QoL/cognitive outcomes not reported (n=2)
Association of IDH with QoL/cog outcomes not 
evaluated (n=9)

Studies included in 
qualitative synthesis

(n = 9)

Fig. 1 PRISMA flow-chart of
study selection

Table 1 (continued)

Author, year/country Sample size (IDH-wt)/
diagnosis/age

Cognitive status and PRO assessment
strategies

Assessment
timing

Main results

Jütten et al., 2019 /
Germany [35]

20 (12 / WHO grade
I-IV / mean age:
44.8 ± 15.5 yrs

Verbal Learning and Memory Test,
Attention Network Test, Trail-Making
Test

Before
surgery

IDH-wt tumors had worse verbal recall and
verbal recognition.

Conference abstracts

Lee et al., 2017 /
Republic of
Korea [36]

61 (n.r.) / high-grade
glioma / n.r.

Quality of life: EORTC QLQ-C30 and
BN20 questionnaires Cognitive function
tests: Digit Span Tests, Verbal Fluency,
and the Trail Making Tests parts A andB

Before and
after
surgery

Preoperative HRQoL and cognitive
functions were not different between
IDH mutant and non-mutant tumors.

Postoperative cognitive functions (Trail
Making Tests and verbal fluency) and
QoL (BN20, physical functioning, and
communication deficits) were better in
the IDH1-mut gliomas when compared
to IDH1-WT gliomas and this
association was independent from other
tumor and non-tumor factors.

Waller et al., 2017
A / [37]

135 (109);
glioblastoma / n.r.

Quality of life: EORTC C30 and BN20,
and 3 L-EQ-5D scales

n.r. No difference in EQ-5D index score and
EORTC

Global health status score as a function of
IDH status.

QoL, quality of life; n.r., not reported;WAIS-R/III, Wechsler Adult Intelligence Scale–revised;MAE, Multilingual Aphasia Examination; RAVLT, Rey
Auditory Verbal Learning Test; COWAT, Controlled Oral Word Association Test; EORTC, European Organization for Research and Treatment of
Cancer
AAdelphi’s Disease-Specific Programme in Canada, France, Germany, Italy, Spain, and the UK
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improvement in the overall sample of patients. The authors
comment that within non-dominant hemisphere patients (n =
23), IDH-mut (13/23 patients) status was associated with larg-
er residual tumor volume at follow-up, but was not related to
cognitive performance. It is not clear if the authors specifically
tested the association between IDH status and cognitive func-
tion at baseline or the change in cognitive function after
surgery.

Quality of Life

Two studies explored the association of IDH status with QoL
of glioma patients and provided mixed findings [36, 37].
Specifically, a study in 61 high-grade glioma patients did
not find an association of scores on the European
Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire-Core 30 (EORTC
QLQ-C30) and EORTC brain cancer module (BN20 brain
cancer module) with IDH1 mutation status before glioma sur-
gery [36]. After surgery, however, scores on the EORTC
BN20, physical functioning, and communication deficits di-
mensions were better in the IDH1-mut gliomas when com-
pared with IDH1s-WT gliomas. This association was indepen-
dent from other tumor and non-tumor factors. A conference
abstract from the Adelphi’s Disease-Specific Programme in
Canada, France, Germany, Italy, Spain, and the UK that in-
cluded 26 IDH-Mut and 109 IDH-WT glioblastoma patients
found no difference in EuroQol EQ-5D index score and
EORTC Global health status score as a function of IDH status
[37].

Discussion

Our review of this small but growing literature demonstrates
that IDH status is critical to consider in understanding the
impact of glioma on cognitive functioning and QoL. At this
time, the literature is fairly consistent in demonstrating that
IDH-WT gliomas are associated with worse cognitive func-
tioning on objective, performance-based neuropsychological
tests when compared with IDH-Mut gliomas prior to any in-
tervention. Furthermore, there are some indications that IDH-
WT tumors confer a greater risk of cognitive decline after
surgery. The association of IDH status with self-reported cog-
nitive symptoms was not the focus of any studies we identi-
fied. Patients with IDH-WT glioma should be considered at
increased risk for cognitive impairment in addition to their
poorer overall survival and prognosis.

The reviewed studies were cross-sectional or included two
evaluation time-points (before and after surgery).
Longitudinal studies exploring whether IDH status is associ-
ated with cognitive trajectories of glioma patients are strongly
encouraged to understand the impact of IDH status on

cognitive sequelae in long-term glioma survivors. Such data
may improve risk stratification and monitoring of glioma pa-
tients for cognitive decline. This information could be used to
guide monitoring strategies for cognitive progression with
self-report and/or performance-based cognitive assessments.

Only two studies presented as conference abstracts ex-
plored the association of IDH status with QoL and provided
mixed findings, suggesting an association with better QoL
post-surgically for IDH-Mut patients [36, 39]. The small sam-
ple size and lack of peer-reviewed literature in this area sug-
gest that the data are too preliminary to draw any meaningful
conclusions about these relationships. Given that QoL assess-
ment is increasingly becoming an important endpoint in
neuro-oncology clinical trials and preservation of QoL is con-
sidered a priority in the management of glioma patients, fur-
ther studies in larger samples of glioma patients should at-
tempt to elucidate the association of IDH status with QoL.

Potential Mechanisms Underlying the Association of
IDH Status with Cognitive Functioning

Mechanisms underlying the association of IDH status with
cognitive functioning remain to be fully understood, but it
has been demonstrated that structural and functional neural
network disruption, differences in tumor micro-environment,
and cellular level interactions can be an important mechanism
of IDH mutation status associated impaired cognition of glio-
ma patients (Table 2). The relationship between tumor growth
rate and cognitive dysfunction has been well demonstrated
[43], and the Wefel et al. (2016) study detailed here extended
that logic to the IDH-Mut vs. WT situation [29•]. There is
growing evidence to suggest that the more rapid growth rate
of IDH-WT compared with IDH-Mut gliomas disrupts struc-
tural and functional brain connectivity and could be an under-
lying mechanism of cognitive dysfunction [30••, 31••].
Specifically, Derks and colleagues explored the association
between cognitive status and global functional connectivity
measured using magnetoencephalography (MEG) in 54 dif-
fuse glioma patients (31 IDH1-mut and 23 IDH1-WT) [31••].
They found that patients with IDH1-WT gliomas had lower
functional connectivity in the alpha band than patients with
IDH-Mut gliomas when controlling for age and presence of
epilepsy. Furthermore, in the total sample of glioma patients,
lower alpha band functional connectivity was associated with
poorer cognitive performance after adjusting for patient age,
education, and presence of epilepsy. Similar results were re-
ported by Stoecklein and colleagues using resting-state func-
tional MRI in 34 (20 IDH-wt and 14 IDH-mut) newly diag-
nosed WHO grade II–IV glioma patients [41]. The authors
calculated an abnormality index (ABI), which quantifies the
strength of functional connectivity in each voxel with a refer-
ence cohort of 1000 healthy subjects. ABI in lesional and non-
lesional brain hemispheres was elevated (indicating greater
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functional connectivity damage) in patients with IDH-wt vs.
IDH-mut gliomas irrespective of theWHO grade. Higher ABI
in both ipsilateral and contralateral brain hemispheres was
associated with poorer cognitive function on a screening test
(Montreal Cognitive Assessment test).

Along similar lines, structural imaging modalities have
demonstrated important impacts of IDH mutational status on
metrics of connectively. Kesler et al. examined the association
of cognitive functioning with brain network organization eval-
uated using voxel-based morphometry in 35 IDH1-mut and
32 IDH1-WT malignant astrocytomas [30••]. They found that
IDH1-WT patients had lower network efficiency in several
medial frontal, posterior parietal, and subcortical regions,
and network efficiency was inversely related to cognitive im-
pairment (independent of IDH1 status). Price and colleagues
investigated invasiveness of 9 IDH1-mut and 61 IDH1-WT
glioblastomas and found that all of the patients with IDH-1
mutation had a minimally invasive DT imaging phenotype,
while among the IDH-1 wild-type tumors, 69% were diffu-
sively invasive, 23% were locally invasive, and 8%were min-
imally invasive [40]. Jütten and colleagues examined micro-
structural characteristics of normal-appearing white matter
using DT imaging in 20 (12 IDH-mut and 8 IDH-wt) patients
with different glioma before surgery and 20 matched controls
[35]. Study participants were also subjected to neurocognitive
assessment. Patients with IDH-mut gliomas had better pre-
served microstructural integrity of normal-appearing white
matter compared with patients with IDH-wt gliomas, as indi-
cated by higher fractional anisotropy (FA), and lower mean
diffusivity (MD), axial diffusivity (AD), and radial diffusivity
(RD) values, suggesting more infiltrative growth pattern of
IDH-wt gliomas. Brain microstructural characteristics were

associated with neurocognitive functioning. Specifically,
higher FA values were associated with better performances
in verbal learning, attention, and task switching, whereas
higher MD and RD predicted poorer attentional performance.
These findings imply the importance of IDH dependent brain
microstructural brain changes for cognitive/behavioral func-
tioning of glioma patients. The combination of the functional
and structural brain imaging literature demonstrates that IDH-
WT gliomas disrupt local brain connectivity and distributed
network efficiency, which is related to cognitive dysfunction
in these patients.

IDH status has an important influence on the tumor micro-
environment, which may also impair normal brain function-
ing. In a study of 43 grade II–III gliomas and 14 glioblastoma,
IDH WT tumors were found to have more prominent tumor
lymphocyte infiltration and higher programmed death-ligand
1 expression compared with IDH-Mut gliomas [42].
Additional work revealed that the IDHmutant–associated me-
tabolite R − 2-hydroxyglutarate suppresses T cell activity
[44], offering a potential explanation for the immune micro-
environment differences between IDH WT and Mut tumors.
Exciting new work by Monje and colleagues has demonstrat-
ed complex interactions between glioma cells and surrounding
neurons [15]. Their findings suggest that glioma growth
rate influences neuronal excitability and that integration
of glioma cells into neural networks may be an impor-
tant factor in glioma progression. Further studies of in-
teractions between glioma and neural structures are
needed to understand the extent to which IDH mutation
may play a role at the cellular level. Furthermore, ex-
ploring biological mechanisms underlying impairment of
brain functioning in IDH-WT gliomas may provide

Table 2 Possible mechanisms
underlying the association of IDH
status with PROs of glioma
patients

Mechanism Explanation

Structural and functional neural
network disruption

Greater tumor growth rate associated with IDH-WT status can interfere
with adaptive brain functional re-organization and plasticity [29•].

IDH1-mut status is associated with less invasive imaging phenotype based
on Diffusion Tensor Imaging, as opposed to IDH1-WT gliomas [35,
40].

Patients with IDH-WT gliomas demonstrated impaired functional
connectivity of the alpha band on EEG [2] resting-state fMRI-based
functional connectivity [41], reduced microstructural integrity of
normal-appearing white matter [35], and lower network efficiency in
medial frontal, posterior parietal, and subcortical regions [30••].

Differences in tumor
micro-environment

IDH-WT status is associated with more prominent tumor trading
lymphocyte infiltration and higher programmed death-ligand 1
expression than in IDH-mut gliomas [42].

IDH-mut tumors have high levels of 2-HG that is also likely affecting the
tumor environment via previously described immunosuppressive effects
and possible changes in brain excitability (low-grade glioma patients are
more prone to seizures than high-grade glioma patients).

Cellular level interactions Differences in synapse-associated gene expression in IDH-WT and
IDH-mut gliomas [15]
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candidate therapeutic targets that could be used to opti-
mize cognitive functioning of glioma patients.

Neuropsychiatric comorbidities are common and associat-
ed with impaired QoL and worse prognosis in glioma patients
[45–47]. Given the absence of literature regarding IDH muta-
tional status impact on QoL, considerations of mechanistic
factors are necessarily speculative. IDH-WT gliomas might
be predicted to have a more negative impact on QoL, given
the poorer prognosis and higher rates of cognitive impairment.
However, previous literature has demonstrated that younger
(compared with older) glioma patients with lower-grade tu-
mors (compared with higher grade) experience more anxiety
[48]. Given that young age and lower grade are characteristics
of IDH-Mut tumors, perhaps QoL is more affected in these
patients. Some neuropsychiatric comorbidities, such as mood
and anxiety symptoms and fatigue, can respond to pharmaco-
logic and non-pharmacologic treatments and contribute to im-
proved QoL of glioma patients. Hence, further studies should
investigate the association between clinically relevant molec-
ular biomarkers, such as IDH, and neuropsychiatric compli-
cations of gliomas. These findings can be used to better risk-
stratify glioma patients for neuropsychiatric complications
and highlight the population of patients that would most ben-
efit from recommendations for pharmacological and non-
pharmacological therapies.

There are several limitations of this review. First, the stud-
ies involved heterogeneous cohorts of patients with varying
clinical characteristics, glioma grades, and molecular features.
Tumor laterality and location, which can impair neuro-
cognitive functioning and QoL, were not reported by all stud-
ies. Furthermore, there is a possibility that some patient co-
horts overlapped between two of the studies, indicating that
the relationships between IDH mutation status and cognition
may not represent an independent replication [29•, 30••].
Furthermore, instruments used for neuro-cognitive and QoL
assessment varied between studies. Individual patient data
meta-analysis may allow a more reliable evaluation of the
association of IDH status with cognitive status/QoL while
controlling for possible clinical confounders.

Conclusions

IDH-WT gliomas are associated with greater cognitive burden
when compared with IDH-Mut gliomas; a finding replicated
over several studies. The association of IDH status with QoL
measures remains unclear. Patients with IDH-WT gliomas
should be considered at greater risk for unfavorable cognitive
outcome in addition to their poorer clinical status and shorter
survival. Impaired brain connectivity associated with IDH-
WT gliomas and/or tumor micro-environment factors may
be an important mechanism underlying neurocognitive
dysfunction in these patients. Studies exploring the

association of IDH status with QoL and other PROs
are encouraged.
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