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Abstract

Grade 2 and most grade 3 isocitrate dehydrogenase (IDH) mutant diffuse gliomas are slow growing tumors, for
which however no curative treatment is available. Although surgery as extensive as possible improves outcome,
for virtually all patients at some point in time further treatment is necessary. Treatment with radiotherapy and che-
motherapy is very effective in controlling tumor growth in most patients, but has side effects. Therefore, in many
patients these are postponed and a postoperative “watch-and-wait” observational strategy is followed. With the
approval of IDH inhibitors, another effective strategy has emerged allowing further delay of treatment with radio-
therapy and chemotherapy. This underscores the need for guidance how to best follow these patients during their
subsequent phases of treatment, but most guidelines give only minimal recommendations for follow-up. Follow-up
should not be limited to imaging only, but should also routinely assess seizures and cognition of patients. Follow-up
intervals should be based on the risk of progression, allowing longer intervals for patients with oligodendroglioma,
for more definitively treated patients and for patients with longer lasting disease stabilization. Evidence justifying a
more intensive follow-up of patients on IDH inhibitors than for patients on a “watch-and-wait” strategy is lacking.
Assessing a growth trajectory over time and routine two-dimensional or three-dimensional tumor assessment will
allow identification of early changes in growth rate.This manuscript provides guidance for optimal follow-up of these
patients with perspectives from all involved disciplines, as indeed the follow-up of these patients needs to be truly
multidisciplinary, at every step along the pathway of these patients.

The standardized MR imaging protocol should be routinely used for patients
with an IDH-mutant glioma.

The follow-up intervals should be individualized and based on the risk of
progression.

Assessing growth trajectories allow capturing of more subtle changes over time.

Gliomas harboring the isocitrate dehydrogenase (IDH) mutation
are molecularly defined as astrocytomas (grades 2-4) or oligo-
dendrogliomas (grades 2 and 3, with 1p/19q codeletion), as per
the 2021 WHO classification.” The advent and integration of
robust molecular diagnostic markers—most notably IDH1/2
mutation, 1p/19q codeletion, and CDKN2A/B homozygous
deletion—has deepened understanding of these tumors’ natural

history and response to therapy, guiding both treatment and
surveillance decisions.? The rationale for active surveillance in
IDH-mutant gliomas lies in their unique biology —characterized
by younger age of onset, relatively indolent early clinical behav-
ior and mostly slow tumor kinetics, particularly in low-grade
variants. However, despite these favorable features, all
IDH-mutant gliomas are diffusely infiltrative tumors that
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invariably recur or undergo malignant transformation over
time with an accelerated growth pattern, and there is no
curative treatment.The standard of care for IDH-mutant gli-
oma was historically determined by histologic subtype
(astrocytoma vs oligodendroglioma), WHO grade, and
patient factors (including age and symptomatology).° Many
patients with IDH-mutant gliomas are young adults with
concerns regarding cognitive outcomes, fertility preserva-
tion, quality of life, and career or family planning.* Upon
radiological diagnosis of a presumed low-grade glioma
lesion, initial gross total resection, when feasible, can lead
to prolonged disease control, but microscopic residual dis-
ease and the unavoidable recurrence dictate the need for
close monitoring.*>® In low-risk patients, deferral of further
treatment to avoid treatment associated delayed toxicities
could maximize quality-adjusted life years, provided clinical
and radiographic monitoring ensure timely detection of dis-
ease evolution. Early radiologic detection of recurrence or
transformation enables the implementation of timely treat-
ment allowing preservation of neurological function.
Surveillance should however be individualized based on risk
factors, treatment history, and patient status, with multidis-
ciplinary input.” For higher risk IDH-mutant gliomas, the
standard remains maximal safe resection followed by radio-
therapy and adjuvant chemotherapy with PCV or temozolo-
mide.®'?With the recent positive results of the INDIGO trial,
the armamentarium of available therapeutics now includes
targeted therapy with IDH inhibitors.”®" For grade 2
IDH-mutant gliomas, vorasidenib can be considered a
first-line adjuvant option for patients with residual or mea-
surable disease after surgery, especially when radiotherapy
and chemotherapy are not preferred.®® MRI, complement-
ing clinical assessments, constitutes the backbone of glioma
surveillance. It is universally recommended for both
low-grade and high-grade IDH-mutant gliomas, although
the frequency of MRIs may vary based on a number of fac-
tors, including tumor grade, histology, tumor volume, and
tumor growth rate and whether a patient has undergone
therapy or is on active surveillance only."™

In this review, we will summarize the current evidence
guiding surveillance strategies in IDH-mutant gliomas in the
modern molecular era and within an evolving treatment
paradigm incorporating IDH inhibitors. Perspectives from
neurosurgery, radiology, neuro-oncology, and radiation
oncology will be shared to highlight key challenges and
future directions in a multidisciplinary discussion.

|
Imaging: The Neurosurgeon'’s
Perspective

Surgical surveillance management of IDH-mutant gliomas
begins with the principle of achieving a maximal safe resec-
tion at initial diagnosis. Among all modifiable prognostic
factors, complete or near-complete resection is the most
consistently associated with prolonged survival in lower
grade IDH-mutant gliomas.56'%'¢ A gross total resection is
frequently feasible and confers a pronounced benefit, par-
ticularly in IDH-mutant astrocytomas.>®' Contemporary
surgical strategies rely on functional mapping, high-precision
neuro-navigation, and intraoperative MRI to maximize
cytoreduction while preserving eloquent cortical and
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subcortical networks.The initial surgical decisions may influ-
ence outcomes for a decade or longer and not only shapes
immediate disease control but also establishes the founda-
tion for all subsequent surveillance and therapeutic strate-
gies.? This long-term perspective underscores why an
oncologically meaningful resection, rather than merely
reducing the tumor volume, is central to optimizing prog-
nosis and preparing patients for future lines of therapy,
including targeted approaches.

The presence of any residual tumor, rather than the per-
centage of tumor removed, appears to be the most relevant
prognostic variable.®'® Consequently, patients whose resid-
ual tumors are amenable to complete resection should be
offered repeat surgery prior to initiating adjuvant therapy
even in higher grade lesions, provided neurological risks
are acceptable. Although supramaximal resection may fur-
ther improve progression-free survival (PFS) in select cases,
its true value remains uncertain due to heterogeneous defi-
nitions of tumor boundaries beyond theT2/FLAIR abnormal-
ity and potential confounding by tumor location and tumor
type.>'®'®* Moreover, such extended resections are typically
feasible only in noneloquent regions, raising the possibility
that patient selection reflecting underlying biological influ-
ences on outcome rather than purely surgical advantage.

The neurosurgical role in surveillance extends beyond the
initial intervention. Recurrence should prompt timely reeval-
uation of resectability, as delayed surgical decision-making
may forfeit the window of safe and beneficial second surgi-
cal intervention. Approximately 20% of recurrent lower
grade gliomas (LGGs) can undergo a second resection with-
out deterioration in functional status, and resections in elo-
quent or near-eloquent areas do not carry substantially
higher risk than at initial surgery when performed with mod-
ern mapping techniques.?

Surgical planning in both the primary and recurrent set-
ting requires a refined balance: cytoreduction should be
maximized to reduce metabolically active tumor burden,
while new neurological morbidity must be avoided to main-
tain long-term functional stability and eligibility for pro-
longed oral therapy. This paradigm underscores the need
for more precise pre- and intraoperative tools capable of
delineating biologically relevant margins.

Against this background, intraoperative optical imaging
technologies like confocal laser endomicroscopy (CLE) and
Raman spectroscopy are gaining importance. Confocal laser
endomicroscopy provides subcellular-resolution visualiza-
tion of tissue architecture following fluorescein administra-
tion. In IDH-mutant gliomas—characterized by modest
atypia and diffuse parenchymal infiltration— CLE can identify
increased cellular density, nuclear pleomorphism, and
microvascular alterations. Crucially, CLE enables dynamic
assessment of the transition zone between tumor and infil-
trated, yet structurally preserved, parenchyma.?’ Raman
spectroscopy offers complementary, label-free molecular
profiling by detecting inelastic light scattering and generat-
ing tissue-specific biochemical spectra.???® It allows
pointwise or map-based interrogation of the resection cav-
ity, frequently revealing infiltrative tumor beyond
FLAIR-defined boundaries or intraoperative MRI margins.

Integration of CLE and Raman spectroscopy into existing
neuro-navigation and functional mapping frameworks may
enhance the neurosurgeon’s capacity to optimize cytoreduc-
tion, preserve neurological function, and tailor resection
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strategies to the biological behavior of IDH-mutant tumors.
Intraoperative molecular diagnostics allowing the distinction
between astrocytoma IDH mutant and oligodendroglioma IDH
mutant 1p/19q codeleted may further guide intraoperative deci-
sions, with clinical data showing a more important impact on
outcome of residual disease in astrocytoma IDH mutant.56:16.2425

|
Imaging Modalities and the
Neuroradiologist’s Perspective

Imaging surveillance in IDH-mutant gliomas presents a
nuanced clinical challenge, requiring a careful balance

between monitoring their typically indolent yet progressive
growth and maintaining vigilance for early signs of malig-
nant transformation. Neuroradiology plays a pivotal role in
this context by integrating conventional structural MRI pref-
erably using a standardized imaging protocol with advanced
imaging modalities to interpret both morphological and
biological changes during long-term follow-up.? This stan-
dardized brain tumor imaging protocol incorporates
high-resolution, three-dimensional (3D)T1-weighted images
with and without contrast, T2-weighted, and T2-FLAIR
sequences, supplemented as needed by diffusion-weighted
imaging (DWI).2¢

Multiple studies have shown that IDH-mutant gliomas
exhibit continuous volumetric expansion, even during
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clinically stable periods (Figure 1).2%6This pattern of growth
carries significant prognostic weight, with an inverse rela-
tionship between the rate of tumor expansion and overall
survival.?® Specifically, rapid pretreatment growth has
emerged as a robust predictor of shortened survival, rein-
forcing the need for proactive imaging surveillance and
timely therapeutic intervention.?” Therapeutic options such
as chemotherapy, radiotherapy, and targeted IDH inhibitors
have demonstrated efficacy in inhibiting tumor growth,
making accurate and reproducible imaging follow-up critical
for assessing therapeutic response and guiding treatment
decisions. The ability to detect subtle changes in tumor
dynamics and assess treatment efficacy hinges upon precise
measurement methodologies. In this context, the shift from
traditional two-dimensional (2D) linear measurements to 3D
volumetric quantification represents a pivotal advance-
ment.*°The limitations of 2D methods are increasingly rec-
ognized, particularly given the infiltrative and irregular
geometry of IDH-mutant gliomas. The updated Response
Assessment in Neuro-Oncology (RANO) 2.0 criteria reflect
this recognition, acknowledging the higher variability and
reduced reproducibility inherent in bidimensional measure-
ments.®' Such variability can lead to apparent fluctuations
in tumor size, which complicate the differentiation between
true progression and measurement error.*2 These inconsis-
tencies risk misinforming clinical decisions, including the
premature cessation of effective therapies or unwarranted
alterations in treatment strategy.

By contrast, volumetric methods offer a more stable and
reliable assessment of tumor burden. Comparative studies
demonstrate significantly improved interreader agreement
and a substantial reduction in measurement discordance
with 3D methods.*?Volumetric measures using manual seg-
mentation by experts are unfortunately time-consuming.®3
Fortunately, semiautomated and automated segmentation
tools are emerging and will soon allow faster and reproduc-
ible volume assessment in routine practice.***” Volumetric
analysis more accurately reflects tumor growth rates and
facilitates early recognition of biologically meaningful
changes, which are often precursors to malignant transfor-
mation.?® While RANO 2.0 retains 2D metrics for widespread
accessibility, it formally introduces volumetric assessment
as an option.*>*" Regardless of the approach considered,
new follow-up images should not be simply compared to
the previous images but comparisons must consider longer
periods of time. Establishing a growth trajectory over time
can help understanding subtle changes in more slowly
growing tumors (Figure 1).

During follow-up, awareness of tumor mimics is extremely
important. Reactive gliosis after surgery with white matter
changes may mimic infiltrative growing tumor on FLAIR/T2
weighted images.®® Radiotherapy-associated pseudopro-
gression in IDH-mutant (IDHmt) tumors typically appears
ensue years after the end of radiotherapy often in the shape
of waxing and waning frequently periventricular located
enhancing lesions, typically smaller in size.***° Surgery,
radiotherapy, and even chemotherapy have been associated
with leuko-encephalopathy mimicking tumor progres-
sion.*®#42 These can be identified by awareness of the pos-
sible occurrence of these developments, by their lack of
mass effect and if necessary with more advanced imaging
techniques (perfusion MRI, amino acid-positron emission
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tomography [AA-PET], magnetic resonance spectros-
copy [MRS]).

Indeed, contemporary neuroimaging strategies extend
beyond measuring changes in tumor size to encompass a
wide array of advanced modalities capable of characterizing
the biological and metabolic underpinnings of IDH-mutant
glioma.**#* At diagnosis, these tumors typically appear less
aggressive than their IDH wild-type counterparts, with a
tendency for frontal lobe localization, reduced contrast
enhancement, sharper margins, higher apparent diffusion
coefficient (ADC) values from DWI and lower perfusion MRI
(PWI) parameters (Figure 2).%°%’ In nonenhancing LGG, the
T2-FLAIR mismatch sign is a highly specific and reliable
imaging marker for IDH-mutant astrocytoma.*® During
follow-up, DWI and PWI are key techniques that can capture
microstructural and vascular changes that may precede vis-
ible growth.The ADC, derived from DWI, serves as an estab-
lished inverse marker of cellularity, with lower values
correlating with increased tumor cell density and potentially
heralding malignant progression.***° Diffusion tensor imag-
ing (DTI), a related modality, offers additional sensitivity in
detecting early microstructural changes in infiltrative tumor
regions, particularly under chemotherapy, often preceding
alterations visible on standard FLAIR sequences.*® Perfusion
MRI complements this approach by evaluating vascular
parameters such as relative cerebral blood volume (rCBV),
a surrogate for angiogenesis.** Longitudinal increases in
rCBV, as measured by dynamic susceptibility contrast-PWI,
have been shown to anticipate malignant transformation in
low-grade gliomas.®”" More recently, arterial spin labeling
(ASL), a noncontrast technique, has gained attention due to
its safety profile and potential for long-term use in surveil-
lance. Arterial spin labeling-derived perfusion increases
have been detected up to 12 months prior to contrast
enhancement onT1-weighted imaging, offering an extended
window for therapeutic consideration.®? However, the clini-
cal integration of ASL remains limited due to standardization
challenges.

Magnetic resonance spectroscopy provides a metabolic
lens for glioma evaluation, particularly through the detec-
tion of the oncometabolite 2-hydroxyglutarate (2-HG), which
is specific to IDH-mutant gliomas. Magnetic resonance
spectroscopy-based 2-HG quantification offers both high
sensitivity (95%) and specificity (91%) for IDH mutation sta-
tus, and serves as a direct pharmacodynamic biomarker.5*%*
Levels of 2-HG rise with progression and decline in response
to effective treatment, thereby enabling real-time, noninva-
sive monitoring of therapeutic efficacy.*** However, clinical
adoption is constrained by the technical demands of acqui-
sition and postprocessing, with no standard automated
workflow currently available. While largely confined to
research settings, 2-HG MRS is poised to play an increasing
role in molecular surveillance, particularly in trials involving
IDH inhibitors.®” Despite the value of advanced MRI tech-
niques, their adoption remains heterogeneous across cen-
ters, driven by institutional resources and variations in
expertise.*+%® Another advanced MRI technique offering
novel insights into tumor metabolism and molecular char-
acteristics is amide-proton transfer-weighted (APTw) imag-
ing.*® This chemical exchange saturation transfer method
detects endogenous amide protons in mobile proteins and
peptides, generating molecular-level contrast. Isocitrate
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Figure 2. Perfusion and diffusion signatures of IDH mutation in lower grade gliomas. DWI and PWI features from 1 isocitrate dehydrogenase
mutant (IDHmut)-LGG (A) and 1 IDH wild type (IDHwt)-LGG (B) were evaluated through a clinically feasible single-slice region of interest (ROI)
approach. In contrast to IDH-wildtype LGG, IDH-mutant LGG demonstrates less “aggressive” advanced MRI characteristics, including higher mean
ADC/normal-appearing white matter ADC ratio (ADCmean/ADCNAWM) and lower rCBV values. Reprinted from Sanvito et al.,”” under the Creative
Commons CC BY 4.0 license. Abbreviations: ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging; LGG, lower grade glioma; PWI,

lower perfusion MRI; rCBV, relative cerebral blood volume.

dehydrogenase-mutant LGG generally show lower APTw
signal intensity compared to IDH-wildtype lesions.®¢" By
quantifying protein content without gadolinium, APT imag-
ing holds promise not only for diagnosis but also for longi-
tudinal surveillance of glioma progression and treatment
response.

Molecular imaging further expands the diagnostic arma-
mentarium through AA-PET, utilizing radiotracers such as
[18F]FET, [11C]MET, and [18F]fluorodopa. These tracers are
actively transported into tumor cells independent of
blood-brain barrier integrity, allowing for sensitive detection
of tumor metabolism even in nonenhancing gliomas.
Positron emission tomography RANO 1.0 criteria now for-
malize the role of AA-PET in treatment response assess-
ment, basing evaluations on 3D volumetric analysis of
metabolically active tumor regions.®’ This standard further
underscores the neuro-oncology field’s transition toward
volumetric and biologically grounded metrics. Although
currently available primarily in specialized centers, AA-PET
offers potential advantages in the surveillance of IDH-mutant
gliomas especially when targeted therapies such as IDH
inhibitors are used, with a recent study demonstrating ear-
lier detection of metabolic partial response by PET relative
to morphological stability on MRI.%6

Key questions remain in surveillance strategies for
IDH-mutant gliomas. A significant consideration is the desire

to reduce patient exposure to gadolinium-based contrast
agents (GBCAs), particularly in a population that undergoes
frequent, long-term surveillance.® Recent data suggest that
reliance on contrast enhancement may be reduced without
compromising diagnostic integrity. In 1 study, 96.3% of gli-
oma progressions were detectable viaT2/FLAIR abnormal-
ities alone, raising questions about the necessity of routine
GBCA use in every follow-up scan, especially among
long-term survivors.®® These findings support emerging
guidelines advocating for reduced contrast use during
surveillance.?’

Artificial intelligence (Al) and radiomics are poised to
reshape glioma surveillance by enhancing efficiency and
standardization. Artificial intelligence-assisted segmentation
enhances the reproducibility and efficiency of volumetric
assessment, reducing interobserver variability and support-
ing the integration of automated volumetry into routine
clinical software.?”>%” Furthermore, Al models are increas-
ingly capable of generating synthetic postcontrast images
from noncontrast data, offering a potential alternative to
GBCA-based imaging.®

In summary, the evolving paradigm of IDH-mutant glioma
surveillance is grounded in the integration of quantitative
volumetric analysis, biologically informative advanced
imaging, and Al-based computational tools. This conver-
gence supports the routine incorporation of these modalities
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into clinical protocols, positioning neuroimaging not solely
as a diagnostic measure but as a dynamic biomarker of
disease behavior.

|
Systemic Therapy Guiding
Surveillance: The Neuro-Oncologist's
Perspective

The slow but continuous growth of lower grade diffuse
IDH-mutant gliomas makes active surveillance a key phase
of management before introducing further oncological ther-
apy. To determine how best to manage this surveillance
period, it is essential to clarify the aims of such strategy.The
rationale for active follow-up relies on 3 major objectives.
First, active surveillance aims to detect tumor progression
at an early stage, enabling timely initiation of new oncolog-
ical treatment(s). Second, it allows the assessment of short-
and long-term tolerance of previous therapies. Third, it
provides a framework for a longitudinal and systematic
assessment of patients’ needs in terms of supportive care.
The goal of this comprehensive approach is to preserve
patients’ quality of life for as long as possible.®

Early tumor progression detection requires the ability to
identify subtle changes in tumor volume. It is now well
established that IDH-mutant diffuse grade 2 gliomas follow
a slow, initially linear growth pattern.®®This growth dynamic
persists after tumor resection, with residual tissue progress-
ing at approximately the same rate as preoperatively.”’ To
avoid delayed recognition of tumor growth, 2 key principles
must be emphasized. First, it is essential to use the appro-
priate baseline MRI, meaning the MRI exam obtained at the
beginning of active surveillance rather than the most recent
pretreatment exam.”"’> Second, with increasing technology
allowing (semi)automated tumor segmentation and volu-
metric assessment, there is a trend toward volumetric eval-
uation of tumor growth rather than conventional 2D
measurements, particularly after surgery, where tumors are
frequently reshaped and fragmented, making bidimensional
evaluation more of a challenge.®*737

Once volumetry is available, however, the cutoff for defin-
ing radiological progression remains an issue. While RANO
criteria propose a >40% increase of tumor volume from
baseline as a threshold, this cutoff is intended for clinical
trials and may be insufficiently sensitive for use in everyday
clinical practice.®'<?7¢ Also, the size of the initial lesion and
the related absolute increase to call progression in everyday
clinical practice are relevant here. Future approaches may
require redefining thresholds or identifying the point of
inflection of the growth trajectory. This may in turn better
capture progression but would also require sufficient and
validated specificity.

Importantly, radiological changes must be integrated with
systematic clinical evaluation when considering treatment.
Epilepsy represents a key clinical marker: seizure evolution
may reflect tumor progression but also represents a thera-
peutic objective in itself, as oncological treatments (surgery,
IDH inhibitors, radiotherapy, or chemotherapy) can improve
seizure control in pharmaco-resistant cases. Likewise, both
subjective cognitive complaints and objective cognitive
impairment must be monitored. Indeed, cognitive
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deterioration (when not explained by other factors) may
justify an earlier treatment. Also, in some cases, the antici-
pated neurological impact of continued tumor growth (ie,
the risk of bilateral and cognitive impairment in tumors
crossing the corpus callosum) may lead to earlier therapeu-
tic intervention.

Monitoring should also include the longitudinal and sys-
tematic evaluation of short- and long-term treatment toler-
ance in daily practice. Ongoing clinical trials have adopted
functional and cognitive primary endpoints, such as survival
without neurocognitive deterioration (NCT04702581,
NCT02444000) and qualified overall survival integrating
functional and cognitive measures (NCT05331521). Similar
principles should guide real-world patient management as
well, as the goal is not merely to prolong radiographic PFS
but to delay cognitive and quality-of-life deterioration, out-
comes that matter most to patients and which should guide
treatment decisions. Such evaluations are feasible and
should be integrated in patients’ care not only during active
treatments but also during the active surveillance period.”*’
Patients with IDH-mutant gliomas, even well beyond active
oncologic treatment, often continue to experience clinically
relevant symptoms that substantially diminish their quality
of life.” In this context, the management of patients in active
surveillance must include symptom management—
particularly epilepsy, cognitive complaints, and psycholog-
ical distress—together with assistance with maintaining or
returning to work and support in terms of social needs.

.
Radiation Therapy Guiding
Surveillance: The Radiation
Oncologist’s Perspective

Decisions about if and when to instigate cytotoxic treat-
ment as an alternative to surveillance are predicated on
the likely risk benefit ratio for individual patients. This is
especially challenging when considering radiotherapy in
this young patient group who are very likely to survive
beyond the expected onset of delayed toxicity. Radio-
chemotherapy is conventionally reserved for patients con-
sidered to present with “high-risk disease,” that is, with a
risk on poor outcome without further treatment thus man-
dating early postoperative treatment. However, a definition
of high-risk disease is challenging. Conventional indica-
tions of risk using age, tumor size, and laterality are
based on studies carried out before current molecular
pathology-based integrated diagnosis."®*#' Although tumor
genomics are likely a more accurate predictor of risk than
clinical factors, grading in the current WHO classification
of CNS tumors is still mainly dependent on classical histo-
pathology. Indeed, data emerging from more recent stud-
ies reveal sets of molecular markers that may improve
patient prognostication.®?

The evolving understanding of the biological basis of
delayed toxicities has led to use of novel radiotherapy tech-
nology and other approaches to reflect this, and is also likely
to influence risk-benefit in a highly individual manner.
Photon RT is typically used to treat these patients and has
been shown to be effective in delaying progression and
improving survival alongside chemotherapy.t®® Standard
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doses are 50.4-54 Gy in 1.8 Gy fractions delivered using
highly conformal, image guided techniques.®®®” Despite
accurate MRI-delineated tumor targeting nontarget brain is
inevitably exposed to doses high enough to cause neuronal
and vascular toxicity associated with impairment of neuro-
cognitive function (NCF) in the long term.®% The typical
timing and magnitude of this impact remains unclear due
to a relative paucity of data and risk of bias inherent in the
published literature. However, it is clear that these long-term
toxicities may occur as early as 2 years after treatment, are
irreversible and potentially have very broad impacts on work
and caring responsibilities.®>®" In addition, even small defi-
cits in neurocognition may negatively impact on
health-related quality of life and affect activities of daily liv-
ing.?2. Other long-term toxicities include endocrine dysfunc-
tion due to pituitary damage, skin changes and, changes in
hair texture and thickness.

Ongoing studies are attempting to evaluate whether more
highly focused radiotherapy, particularly proton beam treat-
ment may spare some of these toxicities since it exposes
less nontarget brain to significant doses. Three randomized
trials are currently in progress.The phase Il APPROACH trial
in the United Kingdom will randomize 246 patients with
IDH-mutant and 1p19q codeleted tumors that are deemed
to require radio-chemotherapy to photons or protons with
adjuvant PCV chemotherapy with a primary endpoint of
neurocognitive function measured using the EORTC core
clinical trial battery composite (CTB COMP).** Additional
research will address whether specific brain regions are
associated with specific neurocognitive deficits using
lesion-symptom mapping. The phase Il NRG-BNOO5 in the
United States will include 120 participants treated using PBT
or photon RT followed by adjuvant temozolomide chemo-
therapy (NCT03180502), the primary endpoint is NCF at 10
years, also measured using CTB COMP, as in APPROACH.
GliProPh is a German trial of 80 participants with a primary
endpoint of neurocognitive function at 3 years (German
Clinical Trials Register DRKS00015160). These studies will
answer an important question about whether advanced

Table 1.
as reported in 2 manuscripts on a “watch-and-wait” policy.

radiotherapy can mitigate concerns about long-term toxicity
but will take many years to report data. In the interim, the
decision to move from surveillance to radio-chemotherapy
should be based on individualized risk-benefit consider-
ations and should involve a multidisciplinary team who can
adequately assess the pros and cons of different approaches
and convey these to the patient. For patients postradiother-
apy, important aspects of follow-up include monitoring for
neurocognitive decline and ensuring access to appropriate
support and advice if these problems develop.

I
Follow-up Interval Recommendations

NCCN and EANO guidelines have proposed expert-opinion-
based follow-up schedules for patients with IDH-mutant
glioma adapted to the risk of progression, taking tumor type,
grade, and prior treatment into account.>"** More intense
follow-up schedules may allow earlier identification of
tumor progression, but with unclear impact on overall out-
come and which will increase health-care costs and likely to
increase anxiety (“scan-anxiety”).® A risk-adapted follow-up
schedule considers the time to progression, with shorter
follow-up intervals in patients with a shorter expected PFS.%
This leads to the recommendation of shorter intervals in
case of a “watch-and-wait” policy, after single modality
radiotherapy or chemotherapy, in case of larger tumors or
with an established higher growth rate and in astrocytoma.
Table 1 summarizes PFS as reported in the updates of pro-
spective trials on adjuvant postsurgical treatment that
reported on molecular glioma subtypes. Follow-up data and
the specified PFS on larger cohorts of patients on a
“watch-and-wait” policy are scarce and are usually limited
to patients with grade 2 tumors as guidelines recommend
immediate postsurgical treatment in grade 3 tumors. One
series on 110 predominantly grade 2 oligodendroglioma
patients described a median PFS of 69 months, while a sim-
ilar series on 98 patients with predominantly grade 2 astro-
cytoma noted a PFS of 4 years.®”® In a recent large study on

Progression-free survival (95% Cl) in large prospective trials on (post hoc) molecularly defined grades 2, 3 IDH-mutant (IDHmt) glioma, and

Tumor Trial Treatment n Median PFS (yrs) 10 year PFS (%)
Astrocytoma IDHmt grade 2
RTOG 9802% RT/PCV 18 10.4
EORTC 22033 T™MZ 84 3.0 (2.4-3.6)
RT 94 4.0 (3.4-5.0)
Astrocytoma IDHmt grade 3 CATNON10" RT plus adjTMZ 13 6.5 (4.6, 10.4)
NOA4% PCV/TMZ 36 3.1
Oligodendroglioma grade 2
RTOG 9802% RT/PCV 18 NR ~80
EORTC 22033 T™MZ 60 5.4 (3.4-6.6)
RT 49 4.6 (3.7-6.9)
Oligodendroglioma grade 3
EORTC 260512 RT/PCV 43 13.1 (5.7-18.6) 56.7 (40.3-70.1)
RTOG 9402 RT/PCV 58 9.8 (4.5-16.2) 49.7 (36.4-63.1)
NOA4 PCV/TMZ 33 75
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grade 2 IDH-mutant glioma, PFS after resection only (n=728)
was associated with both extent of resection and tumor
type.’The PFS at 5 years for patients with a complete resec-
tion was reported as 52% (95% Cl, 45-59), as 32% (95% Cl,
24-40) for patients with a near total resection and as 82.8%
(76-88) for patients with a supramaximal resection.

The EANO 2021 glioma guideline suggests initial imaging
intervals of 2-6 months upon completion of therapy while
noting that longer intervals might be appropriate in cases
of durable disease control and less aggressive tumors.’The
NCCN guidelines version 2.2025 offer more granularity, and
recommend a higher follow-up frequency for patients (1)
with grade 3 tumors, (2) with astrocytoma, (3) followed in a
watch-and-wait strategy, and (4) treated with either single
modality radiotherapy or chemotherapy (Table 2).°* The
recent SNO-ASCO guideline did not provide follow-up inter-
val recommendations.” Importantly, the follow-up of
patients can have legal ramifications, and adhering to
national guidelines or institutional policies may therefore
be prudent.

An immediate postoperative scan (within 48-72 h from
surgery) in IDH-mutant grades 2 and 3 tumors is important
to define the extent of resection and should include diffusion
weighted images to identify zones of postsurgical ischemia.
However, postsurgical changes can also lead to overestima-
tion of the amount of residual tumor.%%2 A subsequent MR
scan after 3-4 months will allow better delineation of the
residual tumor volume, and will inform if unsuspected rapid
growth is present. In virtually all grade 2 IDH-mutant glioma
patients, decisions for further postsurgical treatments can
be postponed until that moment. It is noteworthy that after
surgery reactive changes may develop over time confined
to the white matter that may mimic tumor recurrence.* For
patients treated with radiotherapy, an MR scan shortly after
the end of radiotherapy in grades 2 and 3 IDH-mutant glioma
carries mainly the risk of picking up pseudoprogression as

Lim-Fat et al.: Follow-up of IDH-mutant glioma

tumor progression at that stage is very unlikely. Therefore,
itis justified to make a first baseline MR scan 4 months after
the completion of radiotherapy in patients with IDH mutated
grades 2 and 3 tumors, and then continue with scans every
6 months. Watch-and-wait strategies without prior histolog-
ical verification of presumed low-grade tumors based on
neuro-imaging only carry the risk of underestimating the
grade of malignancy and thus require initial intervals of only
2-3 months between scans.This is especially true for patients
over 50 years of age as the risk of a glioblastoma IDHwt with
low-grade histological features presenting with a nonen-
hancing tumor increases with age.>'® These intervals can
be made longer in case of demonstrated radiological stabil-
ity after several follow-up scans. In the setting of “watch-and-
wait” following surgery only, the NCCN guidelines
recommend to have intervals of 3-4 months. A low growth
rate is expected in most patients with untreated grade 2
IDHmt glioma with long progression-free intervals espe-
cially in patients having undergone a very extensive resec-
tion or in patients with oligodendroglioma IDHmt 1p/19q
codeleted. Expanding this interval to every 6 months in case
of no or only minimal changes after an initial period with
follow-up scans every 4 months allowing the establishment
of the tumor growth rate is to be considered. Importantly,
any new sign or symptom or an increase in seizure fre-
quency not otherwise explained should lead to the consid-
eration of an earlier MRI. This also holds true when
radiological changes occur that may be therapy related. In
that case, more frequent follow-up will be necessary until
lesions stabilize and/or resolve, to ensure tumor progression
is not missed.

There is still little clinical follow-up data to guide the man-
agement of patients treated after surgery with an IDH inhib-
itor alone. It seems prudent to follow the recommendations
for patients on a “watch-and-wait” policy, until more infor-
mation becomes available. With a first scan after 4 months

Table 2. Guidelines for follow-up of isocitrate dehydrogenase-mutant (IDHmt) glioma (adapted from National Comprehensive Cancer Network

guidelines version 2.2025).

Grade 2 lesions: First follow-up scan 4 months after surgery

Oligodendroglioma, IDH
mutated, 1p/19q codeleted

After RT and chemotherapy: At least every 6-9 months until progression
After RT or chemotherapy: Every 3-4 months in the first 5 years, consider thereafter not longer than

6 months intervals until progression

After surgery only: Every 3-4 months until tumor progression. For patients who underwent gross
total resection: consider after 1 year every 6 months until tumor progression

On vorasidenib: first scan after 4 months, after 1-2 years every 6 months in stable or responding
patients also depending on prevorasidenib tumor growth rate if available

Astrocytoma, IDH mutated

After RT and chemotherapy: At least every 6 months until progression

After RT or chemotherapy: Every 3-4 months in the first 5 years, consider thereafter not longer than

6 months until progression

After surgery only: Every 3-4 months until tumor progression, for patients who underwent gross
total resection consider after 2 years every 6 months

On vorasidenib: first scan after 4 months, after 1-2 years every 6 months in stable or responding
patients also depending on prevorasidenib tumor growth rate if available

Grade 3 lesions: First post radiotherapy scan 4 months after the completion of radiotherapy

Oligodendroglioma, IDH
mutated, 1p/19q codeleted

After RT and chemotherapy: At least every 6-9 months until progression
After RT or chemotherapy: Every 3-4 months in the first 5 years, thereafter as frequently as every

3-4 months, but not longer than 6 months until progression

Astrocytoma, IDH mutated

After RT and chemotherapy: At least every 6 months until progression

After RT or chemotherapy: Every 3-4 months until progression
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and after 1-2 years increasing the intervals to 6 months in
stable or responding patients seems reasonable. If patients
have a known and slow tumor growth rate prior to the start
of vorasidenib, longer intervals can be implemented earlier.

In a subset of patients, in particular those with grade 2
and even grade 3 oligodendroglioma, long-term PFS (ana-
plastic oligodendroglioma: 30% PFS at 20 years) is observed
after radiotherapy in combination with chemotherapy.’#* In
that situation, annual follow-up could be discussed with the
patient.

|
Conclusions

Surveillance of patients with IDH-mutant glioma is a critical
phase in the neuro-oncologic care pathway. It must encom-
pass both early detection of tumor progression and timely
initiation of the next therapy, as well as continuous support
for patients facing daily challenges related to the disease
and the short- and long-term side effects of prior treat-
ments.” The imaging frequency should reflect the risk of
tumor progression in the individual patient and should
depend on the postresection tumor residue, the postsurgical
adjuvant treatment, the established growth rate if known,
and the histological diagnosis and tumor grade. Good qual-
ity imaging with a standardized imaging protocol is required,
but the role of routine gadolinium administration during
follow-up of nonenhancing grades 2 and 3 IDH-mutant gli-
oma could be evaluated in prospective series. Routine 3D
volumetric analysis may allow a more robust analyses of
the tumor size than 2D assessment, but requires routine
access to DICOM segmentation and analyses tools.The role
of advanced MRI modalities (such as MR perfusion, MR
spectroscopy for 2HG, DTI, and volumetric analysis) as well
as PET using amino acid tracers ([18F]FET, [18F]FDOPA)
remain to be established in the routine surveillance para-
digm for IDH-mutant gliomas. Changes in the clinical or
radiological status of patients need to be discussed in a
multidisciplinary tumor board, to ensure the perspective of
all involved medical disciplines. Indeed, Anno 2025 a multi-
disciplinary approach is critical for the optimal care of these
patients, with open multidisciplinary discussions through-
out the disease trajectory of these patients to ensure all
options and perspectives are considered.

I
Keywords

glioma | IDH | follow-up

Lay Summary

Little attention is given how to best follow patients with an
IDH-mutant grade 2 or grade 3 glioma over time. Most of these
tumors are slowly growing, they usually respond to various thera-
pies but adverse events of treatment can have an impact on the
daily functioning of patients. Follow-up of these patients requires
a schedule that fits in with this: monitoring the tumor for response

to treatment and to timely identify progression in relation to the
clinical course that may be expected, while avoiding unnecessary
frequent follow-up that will not improve overall outcome. This
paper provides recommendation for that.
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