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inhibitors: preparing for future challenges
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June 2023, with the presentation of the results of the phase 3
INDIGO trial at the 2023 ASCO Annual Meeting II, marked
a new era for patients with isocitrate dehydrogenase (IDH)
mutant gliomas: vorasidenib, a second-generation oral
inhibitor of mutant IDH1/2 enzymes, significantly improved
median progression-free survival and delayed the initiation
of chemoradiotherapy in patients with residual or recurrent
grade 2 IDH-mutant gliomas.

Proven efficacy and safety currently make vorasidenib the
ideal candidate for treating grade 2 IDH-mutant gliomas,
which usually affect young people with a relatively long dis-
ease history and a quality of life impaired by neurological
deficits, poor disease control, and toxicity related to other
treatments, such as chemotherapy and radiation therapy.

Therefore, the INDIGO study represents a major turning
point in the history of neuro-oncology, which has not wit-
nessed new glioma treatments with comparable efficacy for
more than 20 years, despite the many efforts in developing
new therapeutics [1].

Importantly, notwithstanding its astonishing results, the
INDIGO trial was restricted to a specific population and set-
ting—chemoradiotherapy-naive grade 2 IDH-mutant gliomas
with residual or recurrent disease lacking contrast enhance-
ment on MRI—and its positive outcomes need to be validated
and generalized in future prospective studies. Vorasidenib
and other IDH-mutant inhibitors have been and are currently
under investigation, alone or as part of combination thera-
pies, in other clinical settings and in grade 3 IDH-mutant
gliomas [2, 3]. Whether the same results will be achieved
in patients with less favourable characteristics (e.g. previ-
ous chemoradiotherapy, grade 3 and/or contrast-enhancing
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IDH-mutant gliomas) is presently a matter of heated discus-
sion. To further complicate the picture, the findings from the
INDIGO trial brought up the vexata quaestio of glioma: the
lack of standardized and objective criteria for tumour grading
results in high interobserver variability and poor specificity in
classifying gliomas as grade 2 and 3, and this still represents
a great issue that may severely affect patient eligibility and
interpretation of clinical trials [4, 5].

In this complicated scenario, the identification of
molecular and imaging biomarkers to predict response to
IDH-mutant inhibitors, thus identifying patients who are
going to benefit the most from the therapy, is warranted.
Considering the proven success of IDH-mutant inhibitors
and their expected rapidly growing use for the treatment of
IDH-mutant gliomas, molecular imaging will have to face
several challenges and answer new clinical questions in the
next years to improve patient care in this setting. In particu-
lar, expected potential contributions are the non-invasive
identification of IDH mutations and more objective tumour
grading before surgery/biopsy, prediction of response to
IDH-mutant inhibitors and thus better patient selection for
the therapy, treatment response assessment and follow-up.

At present, radiolabeled amino acids are the most used PET
radiopharmaceuticals for diffuse gliomas. Collectively, amino
acid PET demonstrated value in the preoperative evaluation of
the disease, grading and identification of most aggressive foci,
differentiation of disease recurrence from treatment-related
changes, and prognostication [6—8]. Importantly, some stud-
ies showed a relatively low sensitivity of amino acid PET
in IDH-mutant gliomas, especially in grade 2 IDH-mutant
astrocytomas [9]. Moreover, a major concern is represented
by the challenging evaluation of treatment response in patients
with amino acid PET-negative (i.e. “no measurable”) diseases,
as emerged in the recent report of the RANO group on PET-
based response assessment criteria for diffuse gliomas (PET
RANO 1.0) [10]. The main knowledge gap that needs to be
urgently explored in future investigations is the capability of
amino acid PET to predict and assess response in patients
undergoing treatment with IDH-mutant inhibitors.
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On the other hand, in view of the limitations of amino
acid tracers, the development of PET radiopharmaceuticals
targeting the IDHI and IDH?2 mutations and thus enabling
accurate detection of the mutant IDH1/2 enzymes is desirable
and would play a fundamental role in the management of the
many patients who will benefit from IDH-mutant inhibitors in
the next future. IDH mutations-selective radiopharmaceuticals
would be particularly useful in the setting of differential diag-
nosis of a suspected low-grade glioma, in the distinction of
IDH-mutant and IDH-wildtype gliomas, in the determination
of vital tumour tissue for treatment planning and discrimina-
tion of disease recurrence and treatment related changes, and
for monitoring response to IDH-mutant inhibitors.

Few IDH mutations-selective tracers have been developed
and tested in preclinical models [11-14]. In this issue of
EJNMMI, Lai et al. [14] present results regarding the radio-
synthesis of the radiolabelled IDH-mutant inhibitor ['8F]
AG-120 (ivosidenib), providing valuable insights into its
pharmacokinetic and metabolic properties in a mouse model
of orthotopic glioma carrying the I[DHI R132H mutation.

However, the optimal candidate for IDH-mutant glioma
imaging is still to be found. Many efforts are needed to over-
come the challenges for the development of IDH mutation-
selective tracers, namely, the ability to cross the blood brain
barrier, metabolic stability, and affinity and selectivity for
mutant over wildtype IDH enzymes [15].

Finally, a long-term but exciting perspective is the poten-
tial of these agents for theranostic approaches.

In conclusion, IDH-mutant gliomas are still incurable
tumours mainly affecting young people and associated with
significant disability. After more than 20 years, the INDIGO
trial has paved the way towards a novel therapeutic strategy
and renewed hope among patients suffering from the disease.

The nuclear medicine and molecular imaging community
must keep up with these changes and be prepared to face the
new challenges provided by the recent advancements in the
treatment of IDH-mutant gliomas.

Data availability Not applicable.

Declarations
Ethical approval Not applicable to this editorial.

Informed consent Not applicable.

Conflict of interest The authors declare no competing interests.

References

1. Mellinghoff IK, van den Bent MJ, Blumenthal DT, Touat M,
Peters KB, Clarke J, et al. Vorasidenib in IDH1- or IDH2-mutant

@ Springer

low-grade glioma. N Engl J Med. 2023;389(7):589-601. https://
doi.org/10.1056/NEJMo0a2304194.

2. Mellinghoff IK, Lu M, Wen PY, Taylor JW, Maher EA, Arril-
laga-Romany I, et al. Vorasidenib and ivosidenib in IDH1-
mutant low-grade glioma: a randomized, perioperative phase 1
trial. Nat Med. Springer, US. 2023;29:615-22.

3. Mellinghoft IK, Penas-Prado M, Peters KB, Burris HA, Maher
EA, Janku F, et al. Vorasidenib, a dual inhibitor of mutant
IDH1/2, in recurrent or progressive glioma; results of a first-
in-human phase I trial. Clin Cancer Res. 2021;27:4491-9.

4. Van Den Bent MJ. Interobserver variation of the histopathologi-
cal diagnosis in clinical trials on glioma: a clinician’s perspec-
tive. Acta Neuropathol. 2010;120:297-304.

5. Preusser M, Geurts M, Hainfellner JA, van den Bent MJ. What
is an isocitrate dehydrogenase-mutated central nervous system
World Health Organization grade 2 glioma, or who should
receive vorasidenib? Neuro Oncol. 2023;25(11):1915-7. https://
doi.org/10.1093/neuonc/noad113.

6. Nislund O, Smits A, Forander P, Laesser M, Bartek J, Gempt
J, et al. Amino acid tracers in PET imaging of diffuse low-
grade gliomas: a systematic review of preoperative applications.
Acta Neurochir (Wien). 2018;160(7):1451-60. https://doi.org/
10.1007/s00701-018-3563-3.

7. Ninatti G, Pini C, Gelardi F, Sollini M, Chiti A. The role of PET
imaging in the differential diagnosis between radiation necrosis
and recurrent disease in irradiated adult-type diffuse gliomas:
a systematic review. Cancers (Basel). 2023;15(2):364. https://
doi.org/10.3390/cancers15020364.

8. Wollring MM, Werner JM, Ceccon G, Lohmann P, Filss CP,
Fink GR, et al. Clinical applications and prospects of PET imag-
ing in patients with IDH-mutant gliomas. J Neurooncol [Inter-
net]. Springer, US. 2023;162:481-8. https://doi.org/10.1007/
$11060-022-04218-x.

9. Ninatti G, Sollini M, Bono B, Gozzi N, Fedorov D, Antunovic
L, et al. Preoperative [11C]methionine PET to personalize treat-
ment decisions in patients with lower-grade gliomas. Neuro
Oncol. 2022;24:1546-56.

10. Albert NL, Galldiks N, Ellingson BM, et al. PET-based
response assessment criteria for diffuse gliomas (PET RANO
1.0): a report of the RANO group. Lancet Oncol. 2024. https://
doi.org/10.1016/S1470-2045(23)00525-9

11. Chitneni SK, Yan H, Zalutsky MR. Synthesis and evaluation of a
18F-labeled triazinediamine analogue for imaging mutant IDH1
expression in gliomas by PET. ACS Med Chem Lett. 2018;9:606-11.

12. Chitneni SK, Reitman ZJ, Spicehandler R, Gooden DM, Yan H,
Zalutsky MR. Synthesis and evaluation of radiolabeled AGI-
5198 analogues as candidate radiotracers for imaging mutant
IDH1 expression in tumors. Bioorganic Med Chem Lett.
2018;28(4):694-9. https://doi.org/10.1016/j.bmcl.2018.01.015.

13. Chitneni SK, Reitman ZJ, Gooden DM, Yan H, Zalutsky MR.
Radiolabeled inhibitors as probes for imaging mutant IDH1
expression in gliomas: synthesis and preliminary evaluation of
labeled butyl-phenyl sulfonamide analogs. Eur ] Med Chem.
2016;119:218-30. https://doi.org/10.1016/j.ejmech.2016.04.066.

14. Lai TH, Wenzel B, Dukié-Stefanovié¢ S, Teodoro R, Arnaud L,
Maisonial-Besset A, et al. Radiosynthesis and biological evalu-
ation of [18F]AG-120 for PET imaging of the mutant isocitrate
dehydrogenase 1 in glioma. Eur J Nucl Med Mol Imaging. 2023.
https://doi.org/10.1007/s00259-023-06515-7.

15. Neumaier F, Zlatopolskiy BD, Neumaier B. Mutated isocitrate
dehydrogenase (mIDH) as target for PET imaging in gliomas.
Molecules. 2023;28(7):2890. https://doi.org/10.3390/molecules2
8072890.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1056/NEJMoa2304194
https://doi.org/10.1056/NEJMoa2304194
https://doi.org/10.1093/neuonc/noad113
https://doi.org/10.1093/neuonc/noad113
https://doi.org/10.1007/s00701-018-3563-3
https://doi.org/10.1007/s00701-018-3563-3
https://doi.org/10.3390/cancers15020364
https://doi.org/10.3390/cancers15020364
https://doi.org/10.1007/s11060-022-04218-x
https://doi.org/10.1007/s11060-022-04218-x
https://doi.org/10.1016/S1470-2045(23)00525-9
https://doi.org/10.1016/S1470-2045(23)00525-9
https://doi.org/10.1016/j.bmcl.2018.01.015
https://doi.org/10.1016/j.ejmech.2016.04.066
https://doi.org/10.1007/s00259-023-06515-7
https://doi.org/10.3390/molecules28072890
https://doi.org/10.3390/molecules28072890

	Molecular imaging of IDH-mutant gliomas in the new era of IDH inhibitors: preparing for future challenges
	References


