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Abstract

Background. Mutant isocitrate dehydrogenase (IDHm) inhibitors represent a novel targeted approach for treating
IDHm glioma patients, yet their optimal use in clinical practice outside of clinical trials remains undefined. This study
describes the real-world utilization of the mutant IDH1 inhibitor (IDHi), ivosidenib, in patients with IDHm glioma.
Methods. We retrospectively reviewed clinical and radiographic data from patients with IDHm glioma treated
with ivosidenib monotherapy from 2020 to 2024 at the Dana-Farber Cancer Institute and Massachusetts General
Hospital.

Results. This cohort included 74 patients with a median age of 39. There were 35 astrocytomas and 39
oligodendrogliomas, with 49, 23, and 2, grade 2, 3, and 4 tumors, respectively. Nineteen patients (26%) experienced
an adverse event, although only 1 patient discontinued ivosidenib for adverse events. Median progression-free
survival was 31 months and median overall survival was not reached. Seven patients (9%) had partial response,
3 (4%) had minor response, 47 (64%) had stable disease, and 17 (23%) had progressive disease. The presence of
enhancing disease at ivosidenib initiation was associated with lower disease control rates (DCR) whereas DCR dif-
ferences were not detected based on grade (grade 2 vs. 3), tumor histology, or age. Subsequent-line ivosidenib use
had lower DCR although this may have been explained by enrichment of patients with enhancing disease.
Conclusions. In this large cohort of IDHm glioma patients, ivosidenib was well tolerated. Our results support the
use of IDHi therapy in patients with grade 2 or 3 astrocytoma or oligodendroglioma and highlight limited effective-
ness in patients with enhancing disease.

Key Points

Ivosidenib was well tolerated in our cohort of mutant isocitrate dehydrogenase glioma
patients.

Ivosidenib seems to be effective in both grade 2 and 3 nonenhancing tumors.

Ivosidenib was less effective in patients with enhancing disease.

© The Author(s) 2024. Published by Oxford University Press, the Society for Neuro-Oncology and the European Association of

Neuro-Oncology.
Thisis an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License

(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any
medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on
the article page on our site—for further information please contact journals.permissions@oup.com.


https://orcid.org/0000-0001-6109-7692
https://orcid.org/0000-0001-7661-797X
https://orcid.org/0000-0003-2552-6546
https://orcid.org/0000-0002-4635-0247
https://orcid.org/0000-0001-5951-1225
https://orcid.org/0000-0001-6198-817X
https://orcid.org/0000-0001-8291-0136
https://orcid.org/0000-0001-7699-5188
mailto:lgonzalez-castro@dfci.harvard.edu
https://creativecommons.org/licenses/by-nc/4.0/

Lanman et al.: Mlulti-institutional ivosidenib experience for IDHm glioma

Importance of the Study

With the FDA's approval of vorasidenib on August 6,
there is marked interest in data to help guide the use of
isocitrate dehydrogenase (IDH) inhibitors for the treat-
ment of IDH-mutant glioma. Here we present the largest
cohort of IDH-mutant glioma patients treated with an
IDH inhibitor (ivosidenib) outside the context of clinical
trials. Our cohort of 74 patients from the Dana-Farber
Cancer Institute and Massachusetts General Hospital

Isocitrate dehydrogenase mutant (IDHm) gliomas are
infiltrative, progressive, and invariably fatal primary brain
tumors with limited treatment options. The standard treat-
ment approach is based on maximal safe resection, fol-
lowed by either surveillance or additional treatment with
radiation therapy (XRT) and/or chemotherapy based on
grade, age, and extent of resection.? While effective, ra-
diation and chemotherapy can cause side effects such as
bone marrow suppression and neuropathy (with chemo-
therapy), and neurocognitive decline and pituitary dys-
function (with radiation).® These toxicities are undesirable
because IDHm glioma patients are most frequently neu-
rologically intact young adults with an average prognosis
exceeding a decade. Therefore, alternative treatment ap-
proaches that would enable delayed use of standard adju-
vant therapies (and their associated toxicities) are desired.
Mutated IDH promotes tumorigenesis by producing the
oncometabolite, D-2-hydroxyglutarate (D-2HG). To target
this mechanism, mutant IDH inhibitors (IDHi) have been
developed to prevent the formation of the oncometabolite
and intercept its downstream oncogenic activity.
Ivosidenib, an oral, brain-penetrant inhibitor of IDH1, was
the first IDHi evaluated in patients with IDHm glioma.* In
a phase | trial from 2014 to 2019, ivosidenib demonstrated
a favorable safety profile, prolonged disease control rel-
ative to historical controls, and decreased growth rate in
nonenhancing tumors (although it did not show efficacy
in enhancing tumors).® A second phase | trial investigated
the IDH1/2 inhibitor, vorasidenib, finding similar results
although it had several cases of dose-limiting toxicity,
mainly hepatotoxicity.® A subsequent perioperative study
using post-treatment tumor tissue to compare these 2 IDHi
compounds found that although vorasidenib had greater
brain penetrance than ivosidenib, D-2HG suppression
was comparable with both agents (92.6% reduction with
vorasidenib and 91.1% with ivosidenib).” Given the supe-
rior brain penetrance of vorasidenib, as well as its broader
spectrum of activity against IDH1 and IDH2 mutant vari-
ants, this drug was selected for further investigation in the
phase Il INDIGO trial.8 This study found that vorasidenib
significantly prolonged progression-free survival (PFS)
compared to placebo (27.7 months vs. 11.1 months).8
Based on the superior benefit in terms of PFS prolonga-
tion and demonstrable delay of additional toxic therapies,
vorasidenib was approved on August 6, 2024, by the U.S.
Food and Drug Administration with an indication for grade
2 IDHm gliomas with total or subtotal resection. However,
many relevant questions remain unanswered regarding

includes patients with newly diagnosed and progres-
sive disease and spans all tumor grades. We provide de-
tailed analyses on radiographic response and survival
for patients of different tumor histologies, tumor grades,
and radiographic characteristics (nonenhancing and
enhancing disease), as well as data on tolerability in
a less restrictive patient cohort than those enrolled in
clinical trials.

optimal IDHi use in clinical practice outside the delineated
confines of a clinical trial.” As such, data on real-world IDHi
use can help guide clinical decision-making in contexts not
captured by a clinical trial. To help elucidate these relevant
clinical questions, we performed a retrospective multi-
institutional cohort study of off-label ivosidenib use in
IDHm glioma, evaluating tolerability, radiographic/clinical
outcomes, and predictors of response. To our knowledge,
to date, this study represents the largest and most diverse
report on real-world use of IDHi use in IDHm glioma.

Methods
Patient Population

Patients were retrospectively identified using the Mass
General Brigham (MGB)/Dana-Farber Cancer Institute
(DFCI) Healthcare Research Patient Data Registry under
a protocol that met the criteria for informed consent ex-
emption by the DFCI institutional review board (which was
approved for both participating sites). The study popula-
tion consisted of patients with IDHm glioma (oligodendro-
glioma or astrocytoma) who were treated with ivosidenib
at DFCI or MGB between March 2020 and April 2024 and
were >18 years old at the time of ivosidenib initiation. All
patients had /IDH1 mutations since ivosidenib does not
have activity against mutant IDH2. Exclusion criteria (de-
tailed in Supplementary Figure 1) included concurrent or
recent (within 3 months) radiation therapy (to minimize
possible confounding related to pseudoprogression),
concurrent systemic therapies (including alkylating che-
motherapy and bevacizumab), and lack of sufficient MRI
examinations (1 baseline exam and at least 2 subsequent
exams after starting ivosidenib). Demographic and clin-
ical information was obtained via a review of medical re-
cords. Tumor type and grade were assigned based on
criteria from the 2021 World Health Organization (WHO)
Classification of Tumors of the Central Nervous System.®
Adverse events (AEs) were reported using the Common
Terminology Criteria for Adverse Events (CTCAE) v5.0."°

Radiographic Analysis

MRI examinations were performed at the discretion of the
treating provider, typically every 2-3 months. Each MRl in-
cluded in this study (baseline exam and subsequent exams
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while on ivosidenib) was assessed and assigned a best
overall response (BOR) by 2 independent blinded reviewers
using Response Assessment in Neuro-Oncology (RANO)
2.0 criteria, taking both enhancing and nonenhancing com-
ponents into account.” Discrepancies between reviewers
were resolved with the input from a third reviewer. Per
precedent from the INDIGO trial® and RANO 2.0 guide-
lines," the disease was considered enhancing if it was
measurable (=1 x 1 cm) or nodular. Per RANO 2.0 guide-
lines, patients were not considered to have a stable disease
if (1) they were on a higher steroid dose than at ivosidenib
initiation or (2) they were not clinically stable to clinically
improved from a brain tumor standpoint.

Statistical Design

Survival outcomes were illustrated via Kaplan—-Meier curves
for both overall survival (OS) and clinicoradiographically
defined PFS. The date of ivosidenib initiation was con-
sidered the starting date when calculating OS and PFS.
Differences in survival across groups were compared
using log-rank tests. Percent change in tumor size rela-
tive to baseline between groups was compared using
the Wilcoxon test. Disease control rate (DCR), which rep-
resents a combination of complete response (CR), partial
response (PR), minor response (MR), and stable disease
(SD), was prespecified as the primary analytic comparison
between groups'? but overall response rates (ORR; repre-
sents CR + PR + MR) were also reported for reference. DCR
and ORR were compared between groups using Pearson’s
chi-squared test if there were >5 occurrences in each
group and Fisher’s exact test if <5 occurrences in a group.
Univariate and multivariate logistic regression comparing
odds of DCR between groups were conducted. In the mul-
tivariate analysis, the prespecified covariates were line of
therapy (first-line ivosidenib vs. subsequent-line treatment
with ivosidenib), presence/absence of enhancing disease at
ivosidenib initiation, tumor grade (2 vs. 3; grade 4 was ex-
cluded from the multivariate analysis for low sample size),
and tumor histology (astrocytoma vs. oligodendroglioma).
Subsequent-line refers to patients who had previously re-
ceived chemotherapy and/or XRT (ie, received ivosidenib
as >2nd line therapy or at progression). “Nonenhancing”
hereafter refers to the group of patients who did not have
enhancing disease at the time of ivosidenib initiation and
“Enhancing” refers to those who had an enhancing com-
ponent (with or without nonenhancing disease) at the time
of ivosidenib initiation. All analyses were performed with
R, version 4.2.2,13

Results
Clinical and Demographic Characteristics

Seventy-four patients with IDHm glioma were started
on ivosidenib 500 mg daily between March 2020 and
April 2024 and were included in this study, with a me-
dian age of 39 (interquartile range [IQR] 32-49) and 47%
being female (Table 1). There were 20, 13, and 2 grade
2, 3, and 4 astrocytomas and 29 and 10 grade 2 and 3

oligodendrogliomas, respectively. Thirty-four patients
(46%) were started on ivosidenib as first-line therapy
(ie, prior to chemotherapy/radiation). Sixteen patients
(22%) had enhancing disease (by our study criteria) when
ivosidenib was started. At the time of ivosidenib initiation,
mean Karnofsky Performance Scale—KPS—(IQR) was 95
(90, 100) and 90 (80, 90) for those who received ivosidenib
as first line and subsequent line, respectively.

Treatment and Tolerability

The median time from pathological diagnosis to ivosidenib
initiation was 58 months (IQR 4-118); the median time
was 3.0 months in patients with first-line ivosidenib and
9.2 years for subsequent-line ivosidenib. By the time of
this analysis, patients in the entire study population had
been taking ivosidenib (ie, follow-up time) for a median
of 8 months (IQR 6-17). Fifteen (20%) had discontinued
ivosidenib for tumor progression while 57 patients (77%)
were still receiving ivosidenib at the time of analysis; 1
patient was lost to follow-up. Individual clinical courses
for each patient are shown in Figure 1. Nineteen patients
had AEs while on ivosidenib, including QTc prolongation
(grade 1 [8%]), elevated creatine kinase (grades 1 [7%], 2
[1%], 3 [4%], 4 [3%]), transaminitis (grades 1 [4%], 2 [1%]),
and diarrhea (grade 1 [5%]) (Table 2). Only a single pa-
tient in our cohort discontinued therapy with ivosidenib
due to AEs. Of note, this patient reported myalgias,
arthralgias, fatigue, hand cramping, increased cold sensi-
tivity, chills, insomnia, mood dysregulation, and right leg/
foot cramping as reasons to request discontinuation. Other
than arthralgias and fatigue, the other symptoms are not
generally consistent with those previously reported by pa-
tients receiving ivosidenib. No patients had dose reduction
without discontinuation. The remainder of AEs were tran-
sient and did not lead to discontinuation of ivosidenib.

Radiographic Response

A total of 462 MRI studies were analyzed. In the entire co-
hort, 7 patients (9%) had PR, 3 (4%) had MR, 47 (64%) had
SD, and 17 (23%) had PD. Among those with measurable
overall response to treatment (PR + MR per RANO 2.0), the
median time to BOR was 5.0 months. Among those with
PD, the median time to PD was 5.2 months. Percent change
in 2D measurements on MRI of BOR compared to baseline
MRI is shown in Figure 2. The median percent change in
nonenhancing disease was -7.35% (IQR -16.81, -0.079)
and the median percent change in enhancing disease was
78.84% (IQR -12.22, 100.00), evidencing a statistically sig-
nificant difference (P=.01 by Wilcoxon test) in response
between nonenhancing and enhancing disease. Three
patients in the cohort had no measurable enhancing or
nonenhancing disease at the time of ivosidenib initiation;
of these patients, 2 had SD and 1 had PD.

Survival Analyses

In the entire cohort, the median PFS was 31 months (IQR:
18 months—not reached) and the median OS was not
reached (IQR: also not reached for 25th or 75th percentile).
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Table 1. Demographics, Clinical Characteristics, and Adverse Events
Characteristic Overall, N (%)
Patients 74 (100%)
Age, median (IQR) 39 (32, 49)
Female 35 (47%)
KPS at ivosidenib onset, median (IQR) 90 (90, 100)
Tumor and grade

Astrocytoma, grade 2 20 (27%)

Astrocytoma, grade 3 13 (18%)

Astrocytoma, grade 4 2 (3%)

Oligodendroglioma, grade 2 29 (39%)

Oligodendroglioma, grade 3 10 (14%)
IDH1 mutation status

R132H (Canonical) 65 (88%)

R132C 6 (8%)

R132G 1(1%)
Enhancement at ivosidenib onset

Nonenhancing 58 (78%)

Enhancing 16 (22%)
Prior treatment

First line (no prior chemotherapy or radiation) 34 (46%)

Subsequent line (prior chemotherapy and/or 40 (54%)

radiation)

Prior chemotherapy 38 (51%)

Prior radiation 32 (43%)

Abbreviations: |QR, interquartile range; KPS, Karnofsky Performance
Scale.

Patients with nonenhancing tumors had significantly im-
proved PFS and OS, compared to enhancing tumors based
on a log-rank test (P=.037 and P<.0001 for OS and PFS,
respectively) (Figure 3). The median PFS time was 30.9
months (IQR: 27—not reached) in nonenhancing tumors
versus 5.6 months (IQR 2-14) in enhancing tumors. The
median OS times were not reached in either enhancing or
nonenhancing cohorts. First-line ivosidenib use trended
toward improved OS compared to subsequent-line (me-
dian not reached; log-rank test P=.091) and had signifi-
cantly superior PFS (median 31 vs. 18 months; log-rank
test P<.0001). In a subset of nonenhancing tumors,
first-line ivosidenib retained significantly superior PFS to
subsequent-line (not reached vs median 31 months; log-
rank test P=.03). Significant differences were not detected
in PFS nor OS based on age greater than 40 (log-rank test
PFS: P=.28, OS: P=.74), tumor grade 2 versus 3 (log-rank
test PFS: P=.06, OS: P=0.06), or tumor histology (log-rank
test PFS: P=0.19, OS: P=0.89).

Disease Control Rates

DCRs were compared across groups of interest (Figure 4).
Patients with nonenhancing disease had significantly im-
proved DCR compared to those with enhancing disease

(91% vs. 25%, P<.001) (Figure 4 and Supplementary Table
3). Patients with first-line ivosidenib use had significantly
improved DCR compared to subsequent line (94% vs. 63%,
P=.001) (Figure 4 and Supplementary Table 2). However, for
patients with nonenhancing tumors, first-line ivosidenib was
no longer significantly different in terms of DCR compared
to subsequent-line (94% vs. 88%, P=.6). Among those who
received subsequent-line ivosidenib, 22 patients received
ivosidenib for the first or second recurrence and 18 patients
received it for the third or greater recurrence. The former had
significantly better DCR than the latter (77% vs. 44%, P=.033)
but was no longer different when only including those with
nonenhancing subsequent-line ivosidenib (DCR 94% vs. 78%,
respectively, P=.5). While first/subsequent line was specifi-
cally chosen to subdivide patients, they could also be divided
into those who started ivosidenib empirically versus those
who started it for recurrence. These 2 ways of subdividing
patients had considerable overlap. Expectedly, the DCR rates
were significantly better in those who received ivosidenib
empirically versus at recurrence (96% vs. 66%, P=.003),
which were very similar to the DCR differences in first versus
subsequent line as listed earlier.

No significant difference was found in DCR between
grade 2 and grade 3 (82% vs. 70%, P=.3), regardless of
whether ivosidenib was initiated as subsequent line (65%
vs. 61%, P=.8) or first-line therapy (93% vs. 100%, P> .9);
similarly, there was no significant difference observed be-
tween grade 2 and grade 3 in a subset of patients without
enhancing disease (93% vs. 86%, P=.6) (Figure 4 and
Supplementary table 4). No significant difference was seen
between astrocytoma and oligodendroglioma (82% vs.
71%, P=.3) (Figure 4 and Supplementary Table 5). On uni-
variate analysis (Supplementary Table 1), nonenhancing
disease and first-line ivosidenib use had significantly in-
creased odds ratios (OR) of DCR (OR 28.6, P<.001; OR 9.33,
P=.005, respectively), whereas grade (OR 0.51, P=2.55)
and histology (0.58, P=.3) were not significantly different.
On multivariate logistic regression, only nonenhancing
disease remained significant (OR 27.3, P<.001); line of
therapy no longer showed a statistically significant differ-
ence (OR 0.72, P=.13) (SupplementaryTable 1).

Among those who had ivosidenib first line, DCR was
similar in patients who began ivosidenib within 3 months
of diagnosis compared to later than 3 months (94% [n = 18]
vs. 93% [n = 14], respectively; Supplementary Table 2). The
small number of patients who initially had enhancing dis-
ease but underwent complete resection of enhancing dis-
ease prior to ivosidenib initiation (n=4) had similar DCR
compared to those who never had enhancing disease prior
to starting ivosidenib (100% vs. 96%; Supplementary Table
3). Patients with noncanonical IDH1 mutations (n=7) had
similar DCR compared to those with the canonical R132H
mutation (57% vs. 78%; Supplementary Table 5). Patients
younger than 40 had similar DCR compared to those older
than 40 (82% vs. 72%; SupplementaryTable 6).

Discussion

The results of INDIGO and preceding IDHi trials helped
launch a new era for the treatment of IDHm gliomas. It is
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Figure 1. Patient cohort and treatment. Each horizontal bar of the
swimmer plot represents length of time (in months) an individual
patient was taking ivosidenib. All patients are represented on this
plot. Patients are divided into those who took ivosidenib as first-line
treatment (prior to any chemotherapy and/or XRT) in the top half
and those who started ivosidenib as subsequent-line treatment
(after having done chemotherapy and/or XRT). An arrow at the end
of the bar signifies that the patient had not discontinued ivosidenib
by the time of analysis. Each patient’s BOR (per RANO 2.0 criteria)
is indicated by a symbol and is graphed on the x-axis when it took
place. Patients are color-coded according to WHO grade. Just to
the left of each bar designates a patient’s histology (0 vs A) and
enhancement pattern (NE, E, E*, and E**). A = astrocytoma; BOR =
best overall response; E = enhancing disease when ivosidenib was
started; E* = nonenhancing disease when ivosidenib was started
but later developed enhancement; E** = initially had enhancing
disease but enhancing areas were entirely resected by the time
ivosidenib was started; MR = minor response; NE = nonenhancing
disease only; 0 = oligodendroglioma; PD = progressive disease; PR
= partial response; SD = stable disease; XRT = radiation therapy.

anticipated that IDHi agents will find broad utilization as
a beneficial and well-tolerated alternative to surveillance
alone, delaying the use of chemotherapy and radiation, as

well as their associated toxicity. As this is a novel targeted
therapy, clinicians currently rely on a limited number of
clinical trials and small case series to guide the use of IDHi
agents. Although 2 small case series have reported single-
institutional experience using off-label ivosidenib, 5 their
analyses were limited by a small sample size. Our study
represents the largest and most diverse real-world multi-
institutional cohort of IDHm glioma patients treated with
off-label ivosidenib to date and provides insights into IDHi
use, efficacy, and limitations.

With the recent FDA approval of the mutant IDH1/2 in-
hibitor vorasidenib, clinicians currently prescribing
off-label IDHi treatment with ivosidenib will be faced with
a decision of whether to continue ivosidenib or switch to
vorasidenib. Although our study does not directly answer
this question since we do not have a vorasidenib com-
parator arm, we note that the cohort (n=33) of patients
with nonenhancing disease who received ivosidenib first
line after surgery (similar to the INDIGO cohort except it
also included 4 grade 3 patients) had a median PFS of 30.9
months which is similar to the PFS from the vorasidenib
arm reported in INDIGO (277 months). Therefore, our
study lends reassurance to those who wish to continue
off-label ivosidenib rather than switching to vorasidenib
(we also note that vorasidenib may not currently be uni-
formly available in all countries since it was only recently
approved in the United States; in addition, even if both IDH
inhibitors are approved in a given country, switching pa-
tients from ivosidenib to vorasidenib might not be allowed
due to regulatory reasons). Our data on safety are con-
sistent with those of prior studies of ivosidenib, providing
additional documentation in support of the tolerability of
IDHi therapy.

Tumor Enhancement

IDHi agents have been shown to be less effective in terms
of PFS in patients with enhancing disease.>'® We found
this true in our cohort as well, with a DCR of 25% com-
pared to 91% in patients without enhancing disease at
ivosidenib initiation. This resistance to IDHi in enhancing
disease could be explained by the hypothesis that en-
hancement in IDHm glioma is a marker of progression to a
more aggressive disease phenotype which could perhaps
reflect less dependence on the mutant IDH pathway.'6"
Accordingly, in our cohort of 16 patients with enhancing
disease at ivosidenib initiation, 15 patients (94%) were
given ivosidenib in the recurrent setting and 10 (63%)
were grade 3/4 rather than 2. Nonetheless, a lower DCR
in enhancing gliomas remained significant in the multivar-
iate model which accounted for both line of therapy and
grade. The expected response to IDHi in patients initially
presenting with enhancing disease that is subsequently
entirely resected prior to initiation of ivosidenib remains
undetermined. Although the small number of patients in
our dataset (n=4) prevents us from making firm conclu-
sions, we are encouraged by our finding that this group of
patients had a DCR similar to patients with nonenhancing
disease at ivosidenib onset; indeed one of these patients
experienced a PR. Additional follow-up in patients with re-
sected enhancing disease is warranted to help inform the
utility of IDHi in this population.
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Table 2. Detailed Adverse Events and Grades

Reported Grade 1 Grade 2 Grade 3 Grade 4

QTc prolongation 6 (8%) 6 (8%) 0 0 0
Transaminitis 4 (5%) 3 (4%) 1(1%) 0 0
Elevated CK 11 (15%) 5 (7%) 1(1%) 3 (4%) 2 (3%)
Diarrhea 4 (5%) 4 (5%) 0 0 0

Any AE 19 (25%) 12 (16%) 1(1%) 4 (5%) 2 (3%)
Ivosidenib was dose-reduced 0 (0%)

Ivosidenib was discontinued 1(1%)

Abbreviations: AE, adverse event; CK, creatine kinase.
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Figure 2. Radiographic response. Each vertical bar of the waterfall plot represents the percent change from baseline to best response in tumor
cross-product (either nonenhancing disease in A, C, and D, or enhancing disease in B) for each patient. Each bar is color-coded according to
their best overall response (taking both enhancing and enhancing disease into account per RANO 2.0 criteria). (A) Bars represent nonenhancing
disease in all patients, (B) bars represent enhancing disease in the subset of patients who had enhancing disease when ivosidenib was started
(only 1 patient with enhancing disease at ivosidenib onset was treated with first-line therapy so enhancing disease was not segmented here by
line therapy), (C) bars represent nonenhancing disease in the subset of patients who started ivosidenib as first-line treatment, (D) bars represent
nonenhancing disease in the subset of patients without enhancing disease who started ivosidenib as subsequent-line treatment. BOR = best
overall response; MR = minor response; PD = progressive disease; PR = partial response, SD = stable disease.
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Figure 3. Survival analysis. Kaplan—Meier curves illustrate overall survival (A and C) and progression-free survival (B and D) in patients who
started ivosidenib as first line versus subsequent line (A and B) and in patients with nonenhancing versus enhancing disease when ivosidenib
was started (C and D). Each plot encompasses all patients from this study. P-values provided are for log-rank tests.

Line of Therapy

All patients in INDIGO received vorasidenib as first-
line therapy, although in the real-world setting, neuro-
oncologists have been using ivosidenib as both first line
and subsequent line."'® In our population which included
patients in both settings, ivosidenib initially seemed not as
effective in subsequent-line therapy relative to first line,
with significantly lower DCR and PFS. However, this differ-
ence lost significance after stratification based on tumor
enhancement and also when covariates were included in
multivariate regression evaluating DCR (but subsequent-
line therapy continued to be significantly worse on the log-
rank test of PFS, after stratifying for enhancing disease).
Therefore, it is possible that patients with subsequent-line
ivosidenib use had higher rates of tumor enhancement
(suggesting more advanced disease), and the enhance-
ment could have been driving the effect observed be-
tween first- and subsequent-line therapy. Nonetheless,
our data do provide support for the potential use of IDHi
as subsequent-line therapy (ie, after having received che-
motherapy/XRT) in select patients whose tumor remains
nonenhancing at radiographic progression; it will be

important to validate IDHi use in this setting via prospec-
tive clinical trials. Among patients who received ivosidenib
as first-line therapy, we found no significant difference
between DCR rates among those who received it within
3 months of diagnosis, after 3 months empirically (in the
absence of clear radiographic progression), nor after 3
months for a progressive increase in T2-FLAIR signal. This
suggests that ivosidenib may remain effective despite de-
layed initiation in tumors without an enhancing compo-
nent at the time of initiation.

Tumor Grade, Histological and Molecular
Features

In our cohort, tumor grade (grade 2 vs. 3) did not signif-
icantly impact DCR nor PFS or OS. The INDIGO trial only
included patients with grade 2 tumors and, consequently,
the FDA label for vorasidenib only includes grade 2 IDHm
gliomas. However, our data notably suggest that there
could still be a benefit of IDHi therapy in select grade 3
nonenhancing tumors, regardless of whether IDHi agents
are being considered as first-line or subsequent-line
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Figure 4. Disease control rate (DCR). Bar graphs demonstrating the proportion of patients with DCR (defined by partial response + minor re-
sponse + stable disease) within each cohort: patients with enhancing disease versus no enhancing disease when ivosidenib was started; pa-
tients who started ivosidenib as first-line versus subsequent-line treatment; WHO grade 2 versus 3; astrocytoma vs oligodendroglioma. The total
sample size of each group is shown numerically within each bar. Comparing groups with chi-square test, there was a statistically significant
(P < .05) difference between nonenhancing versus enhancing and first-line versus subsequent-line ivosidenib but there was no statistically sig-
nificant difference based on grade and tumor type. Astro = astrocytoma; DCR = disease control rate; oligo = oligodendroglioma.

settings. Specifically, in our cohort, high and comparable
DCR was observed between grade 2 and grade 3 tumors
among patients without enhancing disease at ivosidenib
initiation. Histologic differentiation of grade 2 versus 3
IDHm gliomas has high interobserver variability and may
not provide substantial prognostic information in the
WHO 2021 classification schema.'8'8'% We also did not
observe significant DCR differences in our study based
on tumor histology (astrocytoma vs. oligodendroglioma),
IDH mutation (canonical vs. noncanonical), or age (older/
younger than 40 years). Therefore, our data suggest that
IDHi therapy may provide a disease control benefit across
a wide spectrum of the legacy categorizations of IDHm tu-
mors. Notably, an upcoming clinical trial will investigate

vorasidenib in grade 3 tumors although this will be com-
bined with temozolomide and/or XRT (NCT06478212); IDHi
monotherapy is not currently being investigated in grade
3 tumors.

Limitations

Our study has several limitations so the results should be
interpreted cautiously. The nonrandomized, retrospective
nature of our analyses, as well as the heterogeneous pop-
ulation evaluated in this study, confers a risk of bias. We
have attempted to mitigate bias by using multivariate lo-
gistic modeling of DCR. On the other hand, having such a
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heterogeneous population is also a strength of this study,
as it provides insight into real-world IDHi use outside of
the strict confines of clinical trials (ie, promoting external
validity). Our results provide much needed data to help
inform clinical decision-making in situations of clinical
ambiguity for which clinicians can reference rather than
relying on loose extrapolation from clinical trials. Another
inherent limitation of our study is the lack of a control arm
for comparison. As a result, we cannot definitively rule out
the possibility that the outcomes we described are prog-
nostically reflective of the underlying disease characteris-
tics rather than truly predictive of a response to ivosidenib,
especially in the recurrent setting which comprises a dis-
tinct patient population?® compared to those enrolled in
the INDIGO trial. Due to the heterogeneous population and
settings in which ivosidenib was given, it was not practical/
feasible to select a specific control population for com-
parison as doing so would itself introduce selection bias.
Nevertheless, the concordance of our results with those
reported in controlled trials (eg, PFS in our cohort com-
pared to PFS in INDIGO) provides a degree of reassurance
in terms of their validity.

Conclusions

In this multi-institutional, real-world retrospective co-
hort study of IDHi use in 74 patients with IDHm glioma,
ivosidenib was well tolerated and had PFS comparable
to vorasidenib as reported in the recent INDIGO trial.
Integrating our results with those already reported in
the IDHi literature, we provide evidence for IDHi use
in IDHm glioma patients in nonenhancing grade 2 or 3
astrocytomas or oligodendrogliomas. Future prospective
controlled studies will be necessary to further evaluate
specific clinical scenarios in which IDHi should or should
not be used. As such, trials are unlikely to expeditiously
produce results given the slow progression of low-grade
disease, and therefore further evaluation of real-world data
will be critical to bridge this gap.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology Advances (https://academic.oup.com/noa).
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