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Neuro-Oncology and Radiogenomics: Time to Integrate?
A. Lasocki, M.A. Rosenthal, S.J. Roberts-Thomson, A. Neal, and K.J. Drummond

ABSTRACT

SUMMARY: Radiogenomics aims to predict genetic markers based on imaging features. The critical importance of molecular markers in
the diagnosis and management of intracranial gliomas has led to a rapid growth in radiogenomics research, with progressively increasing
complexity. Despite the advances in the techniques being examined, there has been little translation into the clinical domain. This has
resulted in a growing disconnect between cutting-edge research and assimilation into clinical practice, though the fundamental goal is
for these techniques to improve patient care. The goal of this review, therefore, is to discuss possible clinical scenarios in which the
addition of radiogenomics may aid patient management. This includes facilitating patient counseling, determining optimal patient man-
agement when complete molecular characterization is not possible, reclassifying tumors, and overcoming some of the limitations of his-
tologic assessment. The review also discusses considerations for selecting relevant radiogenomic features based on the clinical setting.

ABBREVIATIONS: IDH ¼ isocitrate dehydrogenase; IDHmut ¼ IDH mutant; IDHwt ¼ IDH wild-type; WHO ¼ World Health Organization; HG ¼ 2-hydroxyglu-
tarate; nCET ¼ non-contrast-enhancing tumor; cIMPACT-NOW ¼ Consortium to Inform Molecular and Practical Approaches to CNS Tumor Taxonomy

Radiogenomics, also known as imaging genomics, aims to pre-
dict genetic markers based on imaging features. An impor-

tant change in the 2016 update to the World Health Organization
(WHO) Classification of Tumors of the CNS was the addition of
molecular markers to the diagnosis of diffuse gliomas, providing
an integrated phenotypic and genetic classification.1 In particular,
diffuse gliomas of all grades (II–IV) are now classified according
to isocitrate dehydrogenase (IDH) status as either IDH mutant
(IDHmut) or IDH wild-type (IDHwt), and grade II and III gliomas
with an IDHmutation are further classified based on the presence
or absence of 1p/19q-codeletion (with codeletion representing
combined loss of both the short arm of chromosome 1 and the
long arm of chromosome 19).2 The greater importance of genetic
markers has led to a rapid growth in radiogenomics research in

gliomas, with progressively increasing complexity, including the
incorporation of artificial intelligence techniques.

Most radiogenomics research has focused on MR imaging,
though a small minority of studies have considered CT (in particu-
lar in relation to the presence of calcification3,4), and there is also a
growing interest in PET, in particular using amino acid tracers such
as 18F-FDOPA (fluorine-18-fluoro-L-dihydroxyphenylalanine).5,6

MR imaging studies have examined both conventional MR imaging
sequences (eg, pre- and postcontrast T1WI, T2WI, and FLAIR) and
widely used advanced sequences (eg, DWI and MR imaging perfu-
sion techniques). Notably, in addition to standard MR imaging
spectroscopy7, novel spectroscopic assessment targeting 2-hydroxy-
glutarate (2HG)—an oncometabolite that accumulates in IDHmut

gliomas caused by catalysis of alpha-ketoglutarate to 2HG8—has

been shown to have high sensitivity for detecting IDHmutations.9,10

Newer MR imaging techniques such as chemical exchange-depend-

ent saturation transfer imaging have also been examined11 but cur-

rently largely lie outside the clinical domain. A multiparametric

approach improves accuracy,12,13 though a greater number of varia-

bles requires larger cohorts to provide a robust algorithm.
There has also been increasing interest in harnessing the power

of a variety of computational techniques. Radiomics describes a
range of computational methods to extract quantitative features
from radiographic images11—most commonly MR imaging in the
case of brain tumors—providing quantitative assessment of features
that include signal intensity, shape, volume, and heterogeneity.14

These features, with the aid of machine learning methods, can in
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turn be mined to detect correlations with genomic markers.11 More
recently, deep learning (a subset of machine learning15) using con-
volutional neural networks has further improved radiogenomic pre-
diction.13,16 Initial concerns regarding the uninterpretable “black
box” nature of neural networks are being overcome by more recent
work; for example, Chang et al16 applied principal component anal-
ysis to the final feature vector to demonstrate the appearances most
strongly correlating with a particular genomic marker.

Despite the rapid advances and growth in the complexity of
the techniques being examined, there has been little translation
into the clinical domain. This has resulted in a growing discon-
nect between cutting-edge research and assimilation into clinical
practice, though the fundamental goal is for these techniques to
improve patient care. Therefore, it is important to take a step
back and discuss possible ways in which radiogenomics could be
incorporated into clinical practice, with a multidisciplinary focus.
By identifying relevant clinical scenarios, we also hope to encour-
age research into the clinical impact of radiogenomics, ideally
prospectively. Being the key genetic markers in the current WHO
classification, our discussion focuses on IDH and 1p/19q status,
though similar principles generally apply also to other genetic
markers. Our focus is on possible clinical scenarios rather than a
detailed discussion on the specific imaging features.

CLINICAL APPLICATIONS OF RADIOGENOMICS
Definitive histopathologic and genetic assessment based on histo-
logic specimens remains the criterion standard for the diagnosis of
brain tumors, but imaging has several advantages. The most obvious
limitation of histology is that it requires surgery—and its associated
morbidity—to obtain the specimen, but imaging is noninvasive.
Thus, radiogenomics has value before surgery or in situations when
there may be a preference for or a possibility of avoiding surgery. A
further advantage of imaging is its ability to image the entire tumor,
which is of particular value for gliomas given their inherently diffuse
and heterogeneous nature. Finally, radiogenomics can be tailored
toward the clinical question, by the appropriate selection of imaging
modalities, the optimal use of the given technique (eg, in the selec-
tion of MR imaging sequences or PET tracers), and even in the
application of computational techniques. Possible clinical uses of
radiogenomics are discussed, including the advantages and disad-
vantages of radiogenomics and a brief description of specific imag-
ing features that could be used. The scenarios discussed include:

• Providing a “virtual biopsy.”
• Aiding patient counseling.
• Guiding perioperative management.
• The prediction of “noncanonical” IDHmutations.
• Considerations in centers with limited access to genetic test-
ing methods.

• Tumor reclassification.
• Overcoming the limitations of histologic assessment.
• Posttreatment follow-up.

“Virtual Biopsy”
The ultimate vision is, perhaps, for imaging genomics to deliver a
“virtual biopsy,” by providing—noninvasively—a sufficiently confi-
dent prediction of genetic status to guide clinical management.

Arguably, the T2-FLAIR mismatch sign, when present, already
provides a confident prediction of an IDHmut, 1p/19q nonco-
deleted tumor, having been shown to have a 100% positive pre-
dictive value in several different cohorts, with moderate to
near-perfect interobserver agreement (k ¼ 0.56–0.88)4,12,17,18

(Figure). False-positive results can occur in the case of enhanc-
ing tumors or pediatric patients,19,20 but exceptions are rare in
the case of nonenhancing tumors in an adult population,19 and
this sign remains highly specific of an IDHmut, 1p/19q nonco-
deleted tumor in this context. The main limitation of this sign,
however, is its sensitivity, being present in 22%–51% of
IDHmut, 1p/19q noncodeleted lower-grade gliomas in different
cohorts.12,17,18

Even if imaging genomics were able to approach 100% accu-
racy more widely, however, surgery not only provides a diagnosis
(both histologic and genetic) but is also a key therapeutic tech-
nique in diffuse gliomas of all grades.21,22 Indeed, the importance
of surgery may increase because of the push toward extending
resection beyond the enhancing component of gliomas to the
nonenhancing tumor component.23-25 Furthermore, there has
been an increasing push toward early functional-guided resection
for lower-grade gliomas to optimize both oncologic and functional
long-term outcomes.26 As such, other than for tumors in locations
that are challenging surgically or in patients with a gliomatosis-like
pattern in whom even subtotal resection is not feasible,26 resection
cannot practically be avoided unless medical treatments improve
dramatically.

Nevertheless, there are clinical scenarios when the differen-
tial diagnosis of a brain lesion includes non-neoplastic etiologies
that do not require immediate surgery, in particular when the
lesion is nonenhancing. A radiogenomic approach can aid deci-
sion making in such cases. The presence of imaging features
that have been shown to correlate with a particular glioma ge-
notype supports a diagnosis of a glioma, and thus a need for
surgery, but the lack of such features gives clinicians greater
confidence in managing the lesion as nongliomatous. Possible
scenarios include focal lesional epilepsy caused by isolated
amygdala enlargement with associated T2 hyperintensity27 and
unilateral mesial temporal FLAIR hyperintensity that is sus-
pected to be caused by autoimmune encephalitis.28

FIGURE. Axial T2WI (left) and FLAIR (right) image of a right frontal
lobe WHO grade III, IDH-mutant, 1p/19q noncodeleted glioma dem-
onstrating the T2-FLAIR mismatch sign.
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Patient Counseling
Radiogenomics is relevant for counseling patients before surgery.
A “watch-and-wait” approach may have been used in the past for
patients suspected on imaging of having a low-grade glioma but
is going out of favor because of the importance of genetic markers
and a recognition of the effect of extent of resection on survival.21

Patients may nevertheless wish to adopt such a strategy, for
example, because of fear, logistic difficulties, or medical comor-
bidities, and the ability to predict the genetic status with MR
imaging allows a more informed decision-making process. If MR
imaging suggests an IDHwt tumor, this provides further support
for recommending surgery because tumor progression is likely to
be more rapid, and it is important to confirm IDHwt status to
institute appropriate management. Even if the patient remains
hesitant, imaging follow-up should occur at a shorter interval. In
contrast, if an IDH mutation can be confidently predicted based
on the preoperative imaging (eg, because of the presence of a T2-
FLAIR mismatch sign4,17,18 or high ADC values),29 this may pro-
vide greater confidence that active surveillance is a feasible alter-
native. Such considerations already occur to some extent (eg,
based on the presence or absence of enhancement), but the addi-
tion of radiogenomics data would further optimize personalized
care.

Perioperative Management
Seizures are common in diffuse gliomas, particularly grade II–III
tumors.30-32 IDH mutations have been proposed as a potential
biomarker of glioma-associated epilepsy, being associated with
increased rates of seizures in both the pre- and postoperative set-
tings.30,31,33 2HG is structurally similar to the excitatory neuro-
transmitter glutamate and is hypothesized to activate excitatory
N-Methyl-d-aspartate receptors.30 Radiogenomic identification
of an IDHmut tumor thus suggests that patients could benefit
from preoperative prophylactic antiepileptic treatment.

Prediction of Noncanonical IDHMutations
After histology has confirmed a diffuse glioma, IDH testing is the
next step in the molecular characterization of both grade II or III
gliomas and glioblastomas.2 Traditionally, IDH testing has started
with immunohistochemistry, and this remains the practice in
most centers. An inherent limitation of this technique is that it is
specific to the R132H mutation in the IDH1 gene and is thus
unable to detect “noncanonical” IDH mutations, namely, non-
R132H-IDH1 mutations and all IDH2 mutations.34 The possibil-
ity of a noncanonical mutation is sufficiently high in grade II and
III tumors34 that the WHO mandates definitive IDH testing for
these tumors.2 Definitive IDH testing is not required for older
patients (55 years of age and older) with a glioblastoma and nega-
tive IDH1 immunohistochemistry because of the very low likeli-
hood of a noncanonical mutation.35 Chen et al36 have created
and described an on-line tool that predicts, with high accuracy,
the likelihood of a noncanonical IDH mutation based on patient
age; tumor grade; and, if a glioblastoma, whether there was a
prior history of a grade II or III tumor (ie, whether the glioblas-
toma is “primary” or “secondary”). This allows a determination
as to whether a noncanonical mutation is sufficiently likely to
warrant definitive IDH testing, and such a threshold can vary

between individuals and departments. Radiogenomics has the
potential to add to such a system, either based on simple criteria
(eg, the likelihood of an IDH mutation is very low if a glioblas-
toma is located outside of the frontal lobes and demonstrates little
non–contrast-enhancing tumor [nCET])37 or on more compre-
hensive radiomic assessment.

Limited Access to Genetic Testing Methods
Similar considerations are even more relevant if a center does not
have ready access to all the testing methods required for complete
characterization according to theWHO guidelines. IDH1 immuno-
histochemistry is relatively accessible, but testing for 1p/19q status
and, in particular, noncanonical IDH mutations is not as widely
available. Even if there is a possibility of sending specimens to
another institution for testing, this adds to costs (to either the insti-
tution or the patient). Although the cost of performing any given
test can be expected to decrease over time, there is likely to be a
growth in the number of genetic markers incorporated into future
diagnostic classifications. Arguably, this is less of an issue in glio-
blastoma because IDH status currently provides important prog-
nostic information but does not alter standard management
(beyond the clinical trial setting). In the case of grade II and III glio-
mas, however, there is the potential for changes to management.
For example, if chemotherapy is considered, whereas temozolomide
is typically used for astrocytomas (whether IDHmut or IDHwt), pro-
carbazine, lomustine, and vincristine chemotherapy may be pre-
ferred for oligodendrogliomas,38 and 1p/19q status is important for
this distinction. Even if chemotherapy is not considered at the ini-
tial diagnosis, it is likely to be warranted at progression.

Radiogenomics has the potential to provide complementary
information in such a setting and may more accurately predict
the molecular subtype than the histologic phenotype if certain
MR imaging features are present.4 It is rare for tumor operations
to occur without preoperative MR imaging; therefore, radioge-
nomic information, at the very least involving a neuroradiolo-
gist’s interpretation of conventional sequences, is likely to be
available. This may be particularly useful for a smaller institution
requesting advice from a quaternary center because the transfer
of data is facilitated by the digital nature of modern imaging,
especially compared with sending pathologic specimens for fur-
ther analysis.

Tumor Reclassification
Many patients currently living with gliomas—in particular, with
lower-grade gliomas—will have been diagnosed before the 2016
WHO update. Such patients may have an outdated pathologic di-
agnosis, which could change if the histology were to be reviewed.
This is most common in tumors previously labeled oligoastrocyto-
mas—a diagnosis that is now obsolete except in rare cases—with
molecular markers allowing a definitive diagnosis as either an
astrocytoma or oligodendroglioma.39 Also, an astrocytoma may
occasionally be reclassified as an oligodendroglioma or vice versa.39

If tumor progression occurs and a change to the treatment is being
considered, there is an opportunity to re-evaluate the diagnosis.
Even if there is insufficient histologic material for retrospective
testing, review of the patient’s preoperative MR imaging may allow
prediction of the molecular subtype without the need for repeat
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surgery. At the least, radiogenomics may suggest that the molecu-
lar subtype is different from what would be suspected from the his-
tologic testing and thus provide a triaging role.

Such considerations can be expected to become more prevalent
in the future as further genetic markers with prognostic and thera-
peutic implications are identified and potentially incorporated into
subsequent classification systems. Indeed, the rapid growth—both
recent and continuing—in our understanding of the molecular
characteristics of CNS tumors has also lead to the development of
cIMPACT-NOW (Consortium to Inform Molecular and Practical
Approaches to CNS Tumor Taxonomy).40 Given that the 2016
WHO update occurred 9 years after the preceding classification,41

this initiative acknowledges a need to evaluate classification progress
faster than can occur for a complete update to the WHO classifica-
tion and thus provides consensus recommendations for proposed
changes to future classifications.40 For example, cIMPACT-NOW
has recommended that in the case of a phenotypic grade II or III
astrocytoma with an IDH mutation, loss of nuclear ATRX expres-
sion, or diffuse p53 immunopositivity is adequate to label the tumor
an IDHmut astrocytoma according to the current WHO guidelines
without definitive 1p/19q testing.42 Another important recommen-
dation is the addition of the entity diffuse astrocytic glioma, IDHwt,
with molecular features of glioblastoma.43 This suggests patients be
treated as having glioblastoma even when the formal histologic cri-
teria have not been met.43 This diagnosis requires an additional
finding of high-level epidermal growth factor receptor (EGFR) ampli-
fication, whole-chromosome 7 gain and whole-chromosome 10
loss, or a TERT promoter mutation.43 Thus, markers beyond just
IDH and 1p/19q status have become clinically relevant, providing
new avenues for radiogenomics research and subsequent clinical
integration before the next WHO update.

It is worthwhile noting that changes to classification systems
also have implications for the relevance of previous research. For
example, previously, grade III and IV gliomas were often grouped
together as high-grade gliomas, with grade II gliomas considered
low-grade gliomas. Now, grade II and III tumors are often con-
sidered together, sometimes referred to together as lower grade
gliomas. As such, the value of previous studies comparing grade
II and grade III/IV tumors is much diminished. If, for example,
future iterations of the WHO classification were to put all empha-
sis on genotype, removing histologic grade entirely, current
radiogenomic literature—which typically distinguishes between
grade II/III and IV tumors, as per the current WHO classificat-
ion—would need to be reassessed. An advantage of radiogenom-
ics, however, is its ability to reanalyze previous data based on the
most up-to-date information, and computational techniques are
making such processes easier and faster.

Overcoming Limitations of Histology
Despite remaining the criterion standard for glioma diagnosis,
histopathology has some limitations. 1p/19q testing methods
have been shown to occasionally provide false-positive results, for
example, in the case of partial- rather than whole-arm deletion.44

Sampling error is a well-recognized issue in gliomas because of
their heterogeneous nature, and this is particularly relevant to
determining the grade45 but also potentially relevant to the deter-
mination of the genotype. Even advanced IDH testing methods

may produce false-negative results if there is a limited number of
tumor cells within the sample being analyzed.34,46 In addition,
although IDH status is generally considered to be consistent
throughout a glioma, some heterogeneity can be observed. For
example, Preusser et al46 reported that only a fraction of tumor
cells exhibited immunostaining in approximately 15% of their gli-
oma cohort, with some of these cases demonstrating biphasic im-
munostaining patterns. As such, there is the potential for MR
imaging to provide genetic information when there is some rea-
son to suspect inaccuracy of genetic testing. For example, if the
pathologist acknowledges the possibility of a false-negative test
result because of a small sample, imaging may be able to provide
a confident prediction of the molecular status without the mor-
bidity of repeat surgery. Equally, if a highly specific imaging fea-
ture is present but is at odds with the genetic testing result, in
particular if genetic testing results are negative, more comprehen-
sive histologic assessment may be warranted.

There are 2 IDH alleles, and mutation in 1 is sufficient for a
tumor to be considered IDHmut.34 Occasions exist, however,
when tumors express only 1 of the 2 alleles, known as monoallelic
gene expression.34 This can occur in IDHmut gliomas, with an
incidence of 15% in 1 study.47 Most commonly, only the IDHwt

allele is expressed, resulting in a worse prognosis.47 Similarly,
IDHmut gliomas may rarely lose their IDHmut allele.48 As such,
there is the potential for IDHmut gliomas to be or become
functionally IDHwt, and this may not be readily identifiable by
genetic testing methods.34 Radiogenomics could have value in
such situations, potentially identifying an MR imaging appear-
ance more in keeping with an IDHwt rather than IDHmut tumor,
and thus suggesting a more aggressive treatment approach.
Interestingly, deletion of the wild-type allele in IDHmut gliomas
also results in decreased 2HG production, showing that both
wild-type and mutant alleles are necessary for 2HG production in
glioma cells.49 Thus, although 2HG spectroscopy has typically
been studied in the preoperative setting,9,50 it may also be able to
quantitatively demonstrate such changes in IDH expression and
2HG production as the tumor evolves.

Similar considerations are also relevant to mixed tumors.
Although an important role of the new WHO classification is to
largely remove the diagnostic uncertainly of tumors with a mixed
histologic phenotype (in particular oligoastrocytomas), true ge-
netically mixed tumors—with 2 genetically distinct compone-
nts—do occasionally occur.51,52 Genetic testing is typically per-
formed in a single portion of the tumor, so the incidence of true
mixed tumors may be underappreciated.51 Radiogenomics there-
fore has the potential to identify distinct appearances in different
portions of the tumor, suggesting value in repeating testing in a
different portion.

It has become critical for medical oncologists and neurosur-
geons treating patients with gliomas to have a strong understand-
ing of the molecular subtypes of gliomas and the histologic
testing methods. This knowledge is also becoming increasingly
important for neuroradiologists, and it may be worthwhile not
only stating the likely diagnosis in the radiologic report but also
the likely molecular subtype if there are indicative features.
Similarly, there is value in neuropathologists having some knowl-
edge of the growing field of radiogenomics, at least the imaging
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features most sensitive or specific for a particular molecular sub-
type. This may allow neuropathologists to appropriately temper
their confidence if relevant radiologic features are present and
there is some doubt as to the validity of the histologic assessment,
facilitating optimal multidisciplinary care.

Posttreatment Follow-Up
As discussed, resection is a key part of the patient’s manage-
ment at diagnosis, which somewhat decreases the value of
radiogenomics at this time. Posttreatment follow-up could
therefore be a more useful clinical context for radiogenomics
because further surgery may not be otherwise warranted. This
is particularly relevant given that the newly understood genetic
landscape of gliomas has progressed to the therapeutic do-
main, for example, with the advent of IDH inhibitors, which
have now entered clinical trials.53 Intuitively, knowledge of the
imaging appearance associated with the genetic mutation
being targeted therapeutically has value. For example, features
associated with an IDHmutation in glioblastoma include the pres-
ence of nCET,54 a masslike morphology of nCET,55 and a mini-
mally invasive phenotype on diffusion-tensor imaging.56 Targeted
therapies have produced dramatic responses in some extracranial
malignancies, but the plasticity of tumor cells can result in resist-
ance to these treatments through a variety of mechanisms,57 and
similar mechanisms can be expected in gliomas. The imaging
changes related to targeted treatments such as IDH inhibitors are
as yet unknown, but given that gliomas have strategies to circum-
vent IDHmutation as outlined earlier, one would expect that these
strategies would occur more commonly on treatment with a tar-
geted agent. Again, if the appearance of the tumor were to change,
for example, by developing a more infiltrative imaging phenotype,
this could suggest the development of resistance to the therapeutic
agent.

Of note, much of the research in this field focuses on preoper-
ative imaging and cannot necessarily be extrapolated to the post-
treatment setting. A further difficulty with the posttreatment
context is that a variety of additional confounders are introduced.
There are differences in the extent of resection and postsurgical
changes, and imaging changes after radiation therapy can also
vary between patients. These complexities are most pronounced
with medical therapies, including conventional chemotherapy (in
particular temozolomide), antiangiogenics agents (the most com-
monly used being bevacizumab), and less established treatments
such as immunotherapy, vaccine therapy, and, increasingly, tar-
geted agents. These treatments have revealed challenging imaging
patterns, well demonstrated by the phenomena of pseudoprogres-
sion and pseudoresponse, and one would expect that emerging
and future therapies may provide similar conundrums. With the
greater number of potential variables in the posttreatment setting,
development of a robust radiogenomic algorithm requires a
much larger number of testing cases, providing an opportunity
for automated computational techniques. Advanced artificial
intelligence techniques such as deep learning are also able to
identify features not readily discernible to the human eye, of par-
ticular relevance given that important clinical scenarios such as
pseudoprogression are notoriously difficult for neuroradiologists.

CHOOSING APPROPRIATE RADIOGENOMIC
FEATURES
The way in which radiogenomic data are incorporated into clini-
cal practice may vary depending on the specific scenario. For
example, if the hope is to confidently diagnose a specific mutation
or molecular subtype, specificity is important. The T2-FLAIR
mismatch sign is the best example of such a feature, being able to
predict a IDHmut, 1p/19q noncodeleted grade II/III tumor with
high confidence.4,12,17,18 If this feature is absent, however, its sen-
sitivity is insufficient to exclude an IDHmut, 1p/19q noncodeleted
tumor.4,17,18 In contrast, although the presence of nCET is associ-
ated with IDH mutations in glioblastoma,54 it is not sufficiently
specific to confidently predict an IDH mutation;37 rather, the
moderate sensitivity of this feature means that a glioblastoma
without substantial nCET is unlikely to have an IDH mutation
(ie, it is likely IDHwt).37 Thus, to confidently predict a particular
genetic marker, specificity is important, but if the goal is to
exclude a genetic marker, sensitivity is more important.

The specific clinical scenario has implications for the use of
the results of radiogenomics research. Because there is usually a
degree of overlap in the imaging features between molecular sub-
types, many studies aim to maximize the overall accuracy by
using area under the curve analysis, but this may not be optimal
for a given patient. If such a model were to predict a given genetic
marker in a specific patient, it would be important to know not
just the likely result but also the degree of confidence in this result
because this would greatly impact the value of this information
for any given patient. Some continuous variables, such as ADC,
can potentially be thresholded in different ways depending on
how they are to be used. IDHwt gliomas are associated with lower
ADC values, but there is overlap with IDHmut gliomas, in particu-
lar at intermediate ADC values.29,58,59 An appropriate threshold
can be selected depending on whether there is a desire to more
confidently diagnose or exclude a particular mutation. For exam-
ple, if the goal were to confidently diagnose an IDH mutation, a
higher ADC threshold would be preferable, with ADC values
above this being particularly suggestive of an IDHmut tumor.
Multivariate methods such as radiomics have even greater poten-
tial for being targeted toward optimizing sensitivity or specificity
depending on the clinical scenario.

Here, it is important to recognize that whether a feature can
be used and how this could be done depends on the grade of the
tumor. For example, the T2-FLAIR mismatch sign and the pres-
ence of calcifications (predictive of an IDHmut, 1p/19q codeleted
tumor) are only relevant to grade II and III tumors.3,4,12,17,18 In
contrast, a frontal lobe location is associated with IDHmutations
in both grade II and III gliomas and glioblastomas,37,54,60 but the
positive predictive value varies between grades because of the
much lower incidence of IDH mutations in glioblastoma com-
pared with grade II and III gliomas.34

CONCLUSIONS
The field of radiogenomics has advanced rapidly in recent times
because of the increased understanding of the importance of mo-
lecular markers and the development of computational techniques.
The clinical implementation of these techniques is lagging behind
the research, however, and this disconnect warrants further
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consideration. Possible roles for radiogenomics include determin-
ing the likely molecular subtype in gliomas when complete genetic
characterization is not practical, reclassifying tumors diagnosed
before the current classification systems, and optimizing discussion
with patients when conservative management is being considered.
With the advent of targeted therapies for glioma, there is also the
potential to identify features suggestive of resistance to treatment.
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