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ABSTRACT

BACKGROUND

Isocitrate dehydrogenase (IDH)-mutant grade 2 gliomas are malignant brain tu-
mors that cause considerable disability and premature death. Vorasidenib, an oral
brain-penetrant inhibitor of mutant IDH1 and IDH2 enzymes, showed preliminary
activity in IDH-mutant gliomas.

METHODS

In a double-blind, phase 3 trial, we randomly assigned patients with residual or
recurrent grade 2 IDH-mutant glioma who had undergone no previous treatment
other than surgery to receive either oral vorasidenib (40 mg once daily) or matched
placebo in 28-day cycles. The primary end point was imaging-based progression-
free survival according to blinded assessment by an independent review commit-
tee. The key secondary end point was the time to the next anticancer intervention.
Crossover to vorasidenib from placebo was permitted on confirmation of imaging-
based disease progression. Safety was also assessed.

RESULTS

A total of 331 patients were assigned to receive vorasidenib (168 patients) or pla-
cebo (163 patients). At a median follow-up of 14.2 months, 226 patients (68.3%)
were continuing to receive vorasidenib or placebo. Progression-free survival was
significantly improved in the vorasidenib group as compared with the placebo
group (median progression-free survival, 27.7 months vs. 11.1 months; hazard
ratio for disease progression or death, 0.39; 95% confidence interval [CI], 0.27 to
0.56; P<0.001). The time to the next intervention was significantly improved in the
vorasidenib group as compared with the placebo group (hazard ratio, 0.26; 95%
CI, 0.15 to 0.43; P<0.001). Adverse events of grade 3 or higher occurred in 22.8%
of the patients who received vorasidenib and in 13.5% of those who received pla-
cebo. An increased alanine aminotransferase level of grade 3 or higher occurred
in 9.6% of the patients who received vorasidenib and in no patients who received
placebo.

CONCLUSIONS
In patients with grade 2 IDH-mutant glioma, vorasidenib significantly improved
progression-free survival and delayed the time to the next intervention. (Funded by
Servier; INDIGO ClinicalTrials.gov number, NCT04164901.)
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LIOMAS ARE THE MOST COMMON MA-
lignant primary brain tumor in adults
and are categorized by the World Health
Organization (WHO) into distinct tumor sub-
types and tumor grades according to a combina-
tion of histologic and molecular features.! Muta-
tions in the genes encoding the metabolic
enzymes isocitrate dehydrogenase 1 (IDH1) or 2
(IDH2) are present in nearly all grade 2 diffuse
gliomas in adults.>* The mutant enzyme pro-
duces the metabolite 2-hydroxyglutarate, which
accumulates in glioma tissue and competitively
inhibits various a-ketoglutarate—dependent en-
zymes, resulting in a broad range of changes in
DNA hydroxymethylation, gene expression, cellu-
lar differentiation, and the tumor microenviron-
ment.>® Given their unique molecular pathogen-
esis, gliomas with IDH mutations are classified
as distinct disease entities in the most recent
update to the WHO classification.! Gliomas that
have a mutation in IDHI or IDH2 and an unbal-
anced translocation between chromosomes 1 and
19 (1p/19g-codeleted) are defined as oligoden-
drogliomas, whereas IDH-mutant gliomas with-
out 1p/19q codeletion (1p/19g—non-codeleted) are
defined as astrocytomas.”® IDH-mutant grade 2
oligodendrogliomas and astrocytomas grow con-
tinuously (albeit slowly), infiltrate normal brain
tissue, and eventually become aggressive tumors
with accelerated tumor growth and neovascular-
ization, which is reflected by the appearance
of enhancement on magnetic resonance imag-
ing (MRI) conducted with the use of contrast
material >
The combination of radiation therapy and
chemotherapy has become the standard care for
the postoperative treatment of patients with
IDH-mutant grade 3 gliomas''? and for patients
with IDH-mutant grade 2 gliomas who are con-
sidered to be at high risk for early disease pro-
gression.”® Although adjuvant chemoradiotherapy
can result in long-lasting disease remission, treat-
ment is not curative and is associated with radi-
ation-induced neurocognitive dysfunction, che-
motherapy-associated DNA hypermutation, and
other toxic effects.’*'® To delay these potential
long-term toxic effects, many patients with IDH-
mutant grade 2 gliomas do not receive immedi-
ate adjuvant chemoradiotherapy after their initial
diagnosis and are instead monitored with serial
MRI scans of the head."*® This watch-and-wait
period provides an opportunity for the evalua-
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tion of new therapies with the potential to post-
pone the use of radiation therapy and chemo-
therapy, preserve quality of life, and alter the
natural history of diffuse glioma.

Vorasidenib, a dual inhibitor of the mutant
IDH1 and IDH2 enzymes, was developed for
penetration across the blood—brain barrier.® Dur-
ing initial clinical evaluation, vorasidenib had a
predominantly low-grade safety profile and
preliminary antitumor activity in patients with
glioma that was without contrast enhancement
on MRL? In a perioperative trial, vorasidenib
therapy resulted in a reduction of more than
90% in the concentration of the oncometabolite
2-hydroxyglutarate in resected tumor, which was
associated with reversion of gene expression and
epigenetic changes typically associated with IDH
mutation in glioma.?> We conducted a phase 3
trial, Investigating Vorasidenib in Glioma (IN-
DIGO), to evaluate whether vorasidenib, when
administered at an oral daily dose of 40 mg,
would improve progression-free survival and de-
lay the initiation of further anticancer therapy in
patients with residual or recurrent IDH-mutant
grade 2 gliomas who had undergone surgery as
their only previous treatment and who were con-
sidered to be appropriate candidates for a watch-
and-wait approach.

METHODS

TRIAL DESIGN AND RANDOMIZATION

In this international, double-blind, randomized,
placebo-controlled, phase 3 trial, we assessed
the efficacy and safety of vorasidenib therapy in
patients with residual or recurrent grade 2 IDH-
mutant glioma. Patients received 40 mg of vora-
sidenib or matching placebo orally, once daily,
in continuous 28-day cycles. An assessment (site
visit) was conducted on the first day of each cycle
for the first 36 cycles. On-site visits for the dis-
pensation of vorasidenib or placebo and for
safety and efficacy assessments were done ac-
cording to the trial protocol (available with the
full text of this article at NEJM.org).

A central interactive Web-response system
was used to randomly assign patients in a 1:1
ratio to receive vorasidenib or placebo. Vora-
sidenib and placebo were supplied in identically
labeled containers to ensure that the patients,
investigators, trial site staff, and sponsor were
unaware of the trial-group assignments. Ran-
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domization was stratified according to locally
determined chromosome 1p/19q status (codeleted
or non-codeleted) and baseline tumor size (lon-
gest diameter, >2 cm or <2 cm).?% Imaging was
done according to a standardized imaging pro-
tocol.”® Receipt of vorasidenib or placebo contin-
ued until disease progression was confirmed, on
the basis of imaging, by an independent review
committee whose members were unaware of the
trial-group assignments or until the occurrence
of unacceptable toxic effects, an indication for
other anticancer therapy as determined by the
investigator, or pregnancy. Patients who had
been randomly assigned to the placebo group
were eligible to cross over to vorasidenib treat-
ment if they had imaging-based disease progres-
sion confirmed on blinded review.

TRIAL OVERSIGHT

Written informed consent was provided by all
the patients or their legal guardians before par-
ticipation in the trial, and approval from the
institutional review board or independent ethics
committee was obtained at each trial site. An
independent data and safety monitoring com-
mittee regularly reviewed safety and other clini-
cal data, as well as efficacy data, after the first
two prespecified interim analyses. The trial was
unblinded after the recommendation of the data
and safety monitoring committee on the basis of
early demonstration of efficacy after the second
prespecified interim analysis (data-cutoff date,
September 6, 2022).

The trial was conducted according to the
Good Clinical Practice guidelines of the Interna-
tional Council for Harmonisation and the prin-
ciples of the Declaration of Helsinki. The trial
was designed by the former sponsor, Agios Phar-
maceuticals, in collaboration with the investiga-
tors. After the start of the trial, Servier (the
current sponsor) acquired the Agios Pharmaceu-
ticals oncology business.

Data were collected by the investigators and
their research staff. The authors analyzed the
data in collaboration with the sponsor. Drafts of
the manuscript were written by the first author
and revised in collaboration with all the authors
and the sponsor, all of whom vouch for the com-
pleteness and accuracy of the data and for the
adherence of the trial to the protocol. Assistance
in manuscript preparation was provided by a pro-
fessional medical writer funded by the sponsor.
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PATIENTS

Patients 12 years of age or older who had resid-
ual or recurrent histologically confirmed grade 2
oligodendroglioma or astrocytoma (according to
the WHO 2016 criteria®) with centrally con-
firmed IDHI and IDH2 mutation status were eli-
gible. An investigational clinical-trial assay, which
was based on the Oncomine Dx Target Test and
developed in partnership with Thermo Fisher
Scientific (Life Technologies), was used to cen-
trally confirm the detection of IDHI mutation
variants (R132H, R132C, R132G, R132S, or R132L)
or IDH2 mutation variants (R172K, R172M, R172W,
R172S, or R172G).

Other key eligibility criteria included a Karnof-
sky performance-status score of at least 80 (range,
0 to 100, with lower scores indicating greater
disability), at least one previous surgery (with
the most recent surgery occurring between 1 year
and 5 years before randomization), no other
anticancer treatment for glioma, no use of gluco-
corticoids for signs or symptoms of glioma, a
consideration of being an appropriate candidate
for a watch-and-wait approach, and adequate
hepatic and renal function. Patients had measur-
able nonenhancing disease (defined as >1 target
lesion measuring >1 cm by >1 cm in the two
longest dimensions) that was centrally assessed
on the basis of, at minimum, two-dimensional
T1-weighted MRI scans performed before and
after the administration of contrast material,
a two-dimensional T2-weighted MRI scan, and a
two-dimensional fluid-attenuated inversion re-
covery scan, confirmed on blinded review before
enrollment. Any enhancement had to be mini-
mal, nonnodular, and nonmeasurable. Other
major exclusion criteria were the presence of any
features assessed by the investigator as indicat-
ing high risk (including uncontrolled seizures,
brain-stem involvement, and clinically relevant
functional or neurocognitive deficits caused by
the tumor) and a heart-rate—corrected QT inter-
val of at least 450 msec on the basis of Frideri-
cia’s formula.

END POINTS AND ASSESSMENTS

The primary end point of the trial was progres-
sion-free survival, which was defined as the time
from randomization to the first documented
progressive disease (as assessed on imaging by
blinded independent review according to the
modified Response Assessment for Neuro-oncol-
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ogy for Low-Grade Gliomas [RANO-LGGJ]*’) or
death from any cause, whichever occurred ear-
lier. The key secondary end point was the time
to next intervention, which was defined as the
time from randomization to the initiation of the
first subsequent anticancer therapy (including
vorasidenib, for patients in the placebo group
who subsequently crossed over to receive vora-
sidenib) or death from any cause. Secondary end
points included objective response and safety, as
well as tumor growth rate according to volume
(determined on the basis of blinded independent
review), health-related quality of life, and over-
all survival (not reported here). Objective re-
sponse was determined on the basis of blinded
independent review according to the modified
RANO-LGG. Safety and adverse-event profiles
were assessed by means of physical examination
(including neurologic status), Karnofsky perfor-
mance-status scores, vital signs, 12-lead electro-
cardiograms, clinical laboratory evaluations
(hematologic, chemical, and coagulation studies),
and adverse events (according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 5.0).3!

STATISTICAL ANALYSIS

The full analysis set, which included all the pa-
tients who had undergone randomization (ac-
cording to the intention-to-treat principle), was
used for all the efficacy analyses, unless other-
wise specified. The safety analysis set, which
included all the patients who received at least
one dose of vorasidenib or placebo, was used for
all safety analyses, unless otherwise specified.
Categorical data were summarized with the use
of frequency distributions. Continuous data were
summarized with the use of descriptive statis-
tics. Time-to-event end points were estimated by
means of the Kaplan—-Meier method, with point
estimates and 95% confidence intervals provid-
ed where appropriate. All the reported P values
are two-sided.

We estimated that a sample of approximately
340 patients, with 164 events of progression or
death, would provide the trial with at least 90%
power to detect a hazard ratio of 0.6 with the
use of a log-rank test at a one-sided significance
level of 0.025. The trial followed a group-sequen-
tial design with three prespecified analyses (the
first interim analysis, for futility at approximately
55 events of progression or death; the second
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interim analysis, for superiority or futility at ap-
proximately 123 events of progression or death;
and the final analysis at approximately 164 events
of progression or death), with a prespecified
gamma family (y=-24) alpha-spending function
to determine the efficacy boundaries. To control
the overall type I error, fixed-sequence testing
was used to adjust for the multiple statistical
testing of the primary and key secondary effi-
cacy end points; the time to the next intervention
would be tested only if the analysis of progres-
sion-free survival reached statistical significance.

All the stratified analyses were conducted on
the basis of the randomization stratification fac-
tors with the use of data obtained by means of
the interactive Web-response system: chromo-
some 1p/19q codeletion status (codeleted or
non-codeleted) and baseline tumor size accord-
ing to local assessment (longest diameter, 22 cm
or <2 cm). The primary efficacy analysis com-
pared progression-free survival between the two
trial groups with the use of a stratified log-rank
test. A stratified Cox proportional-hazards mod-
el was used to estimate the hazard ratio for
progression or death along with its 95% confi-
dence interval. The key secondary efficacy analy-
sis compared the time to the next intervention
between the two trial groups with the use of a
stratified log-rank test. A stratified Cox propor-
tional-hazards model was used to estimate the
hazard ratio for receipt of the next intervention
or death, along with its 95% confidence interval.
Prespecified subgroup analyses were performed
for both progression-free survival and the time
to the next intervention.

RESULTS

CHARACTERISTICS OF THE PATIENTS
From January 2020 through February 2022, a
total of 331 patients were enrolled at 77 centers
across 10 countries (with 58.3% of the patients
from North America, 29.3% from western Eu-
rope, and 12.4% from Israel). Overall, 168 pa-
tients were randomly assigned to the vorasidenib
group and 163 patients to the placebo group
(Fig. 1). An overview of the representativeness of
the trial population is provided in Table S5. At a
median follow-up of 14.2 months, 226 patients
(68.3%) were continuing to receive vorasidenib
or placebo.

The two groups were generally balanced with

NEJM.ORG

The New England Journal of Medicine

Copyright © 2023 Massachusetts Medical

Downloaded from nejm.org by RASHID JOOMA on June 7, 2023. For personal use only. No other uses without permission.

Society. All rights reserved.



VORASIDENIB IN IDH1- OR IDH2-MUTANT LOW-GRADE GLIOMA

466 Patients entered prescreening

76 Discontinued prescreening

390 Underwent screening

59 Did not meet trial

eligibility criteria

331 Underwent randomization and were
included in the efficacy analysis

168 Were assigned to receive vorasidenib
167 Received vorasidenib and were
included in the safety analyses

163 Were assigned to receive placebo
163 Received placebo and were
included in the safety analyses

36 Discontinued vorasidenib
24 Had centrally confirmed
disease progression
5 Withdrew
6 Had adverse event
1 Was withdrawn by
investigator

68 Discontinued placebo
59 Had centrally confirmed
disease progression
5 Withdrew
2 Had adverse event
1 Was withdrawn by
investigator
1 Had clinical disease
progression in absence
of progression as as-
sessed radiographically

164 Were continuing with trial at database lock
131 Were continuing to receive vorasidenib

159 Were continuing with trial at database lock
95 Were continuing to receive placebo

Figure 1. Enrollment and Randomization of the Patients.

over to receive vorasidenib.

One patient in the vorasidenib group withdrew consent for receipt of trial treatment and later withdrew consent for
participating in the trial overall. After the trial was unblinded, patients in the placebo group were allowed to cross

respect to baseline characteristics (Table 1). The
median age of the patients was 40.5 years in the
vorasidenib group and 39 years in the placebo
group. More than 50% of the patients in each
group had a Karnofsky performance-status score
of 100. All the patients had undergone brain-
tumor surgery previously, with 21.5% of the pa-
tients having undergone two or more tumor
surgeries before enrollment. The median interval
between the last glioma surgery and randomiza-
tion was 2.4 years. The numbers of astrocytomas
and oligodendrogliomas were similar in the two
groups. The tumor size at baseline (determined
on the basis of the longest diameter) was at least
2 cm in most patients (>80%) in each group.

N ENGL J MED

FOLLOW-UP AND END POINTS
As of September 6, 2022, the median follow-up
was 14.0 months (interquartile range, 10.1 to
17.9) in the vorasidenib group and 14.3 months
(interquartile range, 10.0 to 18.1) in the placebo
group. No patients were lost to follow-up for the
analysis of the primary outcome, and no deaths
were noted in either group.

Imaging-based progression as assessed by
blinded independent review occurred in 135 of
331 patients: in 47 of 168 patients (28.0%) in the
vorasidenib group and in 88 of 163 patients
(54.0%) in the placebo group. Imaging-based
progression-free survival according to blinded
independent review (the primary end point) was
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Table 1. Patient and Tumor Characteristics at Baseline (Full Analysis Set).*
Vorasidenib
Characteristic (N=168)
Age
Median (range) — yr 40.5 (21-71)
Distribution — no. (%)
16 or17yr 0
18 t0 39 yr 76 (45.2)
40'to 64 yr 90 (53.6)
=65 yr 2(1.2)
Male sex— no. (%) 101 (60.1)
Geographic region — no. (%)
North America 86 (51.2)
Western Europe 57 (33.9)
Israel 25 (14.9)
Karnofsky performance-status score — no. (%)
100 90 (53.6)
90-80 77 (45.8)
Location of tumor at initial diagnosis — no. (%)
Frontal 107 (63.7)
Nonfrontal 61 (36.3)
Time from initial diagnosis to randomization — yr
Mean 3.3+£2.4
Median (range) 2.9 (1.0-19.5)
No. of previous surgeries for glioma — no. (%)
1 126 (75.0)
=2 42 (25.0)
Time from last surgery for glioma to randomization — yr§
Mean 2.7£1.1
Median (range) 2.5(0.2-5.2)
Histologic subtype — no. (%)
Oligodendroglioma 88 (52.4)
Astrocytoma 80 (47.6)
IDH mutation status — no. (%)
IDH1-positiveq 163 (97.0)
R132C 8 (4.8)
R132G 5 (3.0)
R132H 146 (86.9)
R132L 2(1.2)
R132S 2(1.2)
IDH2-positive 5(3.0)
R172K 3(1.8)
R172W 0
R172G 2(1.2)

Placebo
(N=163)

107 (65.6)
40 (24.5)
16 (9.8)

31525
2.5 (0.9-19.2)

134 (82.2)
29 (17.8)

2.6x1.3
2.2 (0.9-5.0)

—
w

=
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Table 1. (Continued.)

Characteristic

Chromosome 1p/19q codeletion status — no. (%) ||
Codeleted
Non-codeleted

Longest diameter of tumor — no. (%) ||
=2cm

<2cm

Vorasidenib Placebo
(N=168) (N=163)
88 (52.4) 84 (51.5)
80 (47.6) 79 (48.5)
139 (82.7) 137 (84.0)
29 (17.3) 26 (16.0)

* Plus—minus values are means +SD. The full analysis set included all the patients who had undergone randomization.
Percentages may not total 100 because of rounding. IDH denotes isocitrate dehydrogenase.

7 Karnofsky performance-status scores range from 0 to 100, with lower scores indicating greater disability. One patient
(0.6%) in the vorasidenib group met the eligibility criteria (score of =80) during screening but had a score of 70 on day 1

of the first cycle.

I Frontal tumor location included frontal, frontoparietal, and frontotemporal locations, and nonfrontal tumor location

included all other locations.

§ One patient in the vorasidenib group underwent biopsy during prescreening to obtain tumor tissue for testing of IDH

mutation status, which was allowed by the protocol.

9§ Two patients in the placebo group had CDKN2A homozygous deletion (see the Supplementary Appendix).
| Data are reported on the basis of the electronic case-report forms, rather than from information in the interactive Web-

response system.

significantly improved in the vorasidenib group
as compared with the placebo group. The me-
dian imaging-based progression-free survival, as
measured from randomization to either the first
documentation of progressive disease assessed
on the basis of blinded independent review or
death, was 27.7 months (95% confidence inter-
val [CI], 17.0 to not estimated) in the vorasidenib
group, as compared with 11.1 months (95% CI,
11.0 to 13.7) in the placebo group (hazard ratio
for progression or death, 0.39; 95% CI, 0.27 to
0.56; P<0.001) (Fig. 2A). A prespecified analysis
of imaging-based progression-free survival based
on investigator assessment yielded results simi-
lar to those of the primary analysis (hazard ratio,
0.35; 95% CI, 0.23 to 0.54). A summary of the
results regarding progression-free survival is
provided in Table S1.

The time to the next intervention was signifi-
cantly improved in the vorasidenib group as
compared with the placebo group (hazard ratio,
0.26; 95% CI, 0.15 to 0.43; P<0.001). The likeli-
hood of not receiving a next treatment interven-
tion by 18 months was 85.6% (95% CI, 77.8 to
90.8) in the vorasidenib group, as compared
with 47.4% (95% CI, 35.8 to 58.2) in the placebo
group; by 24 months, the likelihood was 83.4%
(95% CI, 74.0 to 89.6) and 27.0% (95% CI, 7.9 to
50.8), respectively (Fig. 2B). Overall, 77 patients
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received another anticancer intervention after
the discontinuation of blinded vorasidenib or
placebo (Table S2). In the placebo group, 58 pa-
tients (35.6%) received another anticancer inter-
vention, including crossover to vorasidenib (in
52 patients [31.9%]), surgery, chemotherapy, or
radiation therapy. In the vorasidenib group, 19
patients (11.3%) received another anticancer
therapy, including surgery, chemotherapy, or ra-
diation therapy.

The results of the subgroup analyses of pro-
gression-free survival and the time to the next
intervention favored vorasidenib across most of
the subgroups, including subgroups defined ac-
cording to 1p/19q codeletion status, which re-
flects the histopathological subtype (Fig. 3, Fig.
$1, and Table S3). The best overall responses as
assessed by blinded independent review are
shown in Table S4.

SAFETY

Overall, vorasidenib was associated with mainly
low-grade toxic effects. Adverse events of any
grade that occurred in at least 10% of the pa-
tients in the vorasidenib group during the treat-
ment period of the trial are presented in Table 2.
Adverse events of grade 3 or higher were ob-
served in 38 patients (22.8%) who received vora-
sidenib and in 22 (13.5%) who received placebo.
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A Progression-free Survival

0.6

05 Placebo, median 11.1 mo Vorasidenib, median 27.7 mo

0.4
0.3

0.2
Hazard ratio for disease progression

0.14 or death, 0.39 (95% Cl, 0.27-0.56)

P<0.001
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Figure 2. Progression-free Survival and Time to Next Intervention (Full Analysis Set).

Panel A shows the Kaplan—Meier plot of the probability of imaging-based progression-free survival as assessed by
blinded independent review among patients randomly assigned to the vorasidenib group as compared with those
randomly assigned to the placebo group (full analysis set). The median time to disease progression or death is shown.
Panel B shows the Kaplan—Meier plot of the probability of receipt of a next anticancer treatment or death among pa-
tients randomly assigned to the vorasidenib group as compared with those randomly assigned to the placebo group.
The median time to the receipt of the next anticancer treatment is shown. In both panels, tick marks indicate cen-
sored data.

The most common adverse event of grade 3 or placebo). Other adverse events of grade 3 or
higher was an increased alanine aminotransfer- higher that were more common with vorasidenib
ase level (in 9.6% of the patients who received than with placebo were an increased aspartate
vorasidenib and in none of those who received aminotransferase level (in 4.2% of the patients
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who received vorasidenib and in no patients who
received placebo) and an increased +y-glutamyl-
transferase level (in 3.0% and 1.2%, respectively).

Serious adverse events that were determined
by the investigators to be related to vorasidenib
or placebo occurred in 1.8% of the patients who
received vorasidenib and in no patients who re-
ceived placebo (see the Safety section in the
Supplementary Appendix). Adverse events that
led to the discontinuation of vorasidenib or pla-
cebo occurred in 6 patients (3.6%) in the vora-
sidenib group and in 2 (1.2%) in the placebo
group, and adverse events that led to dose reduc-
tion occurred in 18 patients (10.8%) and 5 pa-
tients (3.1%), respectively. An interruption of the
regimen due to adverse events occurred in 50
patients (29.9%) in the vorasidenib group and in
37 (22.7%) in the placebo group.

DISCUSSION

Diffuse gliomas with IDH mutation represent the
most common malignant primary brain tumors
diagnosed in adults younger than 50 years of
age, are not curable with current therapies, and
continuously grow and infiltrate normal brain
tissue in the absence of treatment.”'® The re-
sults of the prespecified second interim analysis
showed that treatment with vorasidenib signifi-
cantly improved both imaging-based progres-
sion-free survival according to blinded indepen-
dent review and the time to the next intervention,
as compared with placebo, among patients who
were considered to be candidates for a watch-
and-wait approach. On the basis of these results,
the trial was unblinded, and all the patients in
the placebo group were subsequently offered
crossover to the vorasidenib group. Although no
formal statistical testing was planned for sub-
group analyses, the results were generally con-
sistent, favoring vorasidenib across most of the
subgroups. The results in some subgroups should
be interpreted with caution because of the small
number of events.

Vorasidenib had a safety profile of mainly
low-grade toxic effects. Adverse events of grade
3 or higher were more common in the vora-
sidenib group than in the placebo group, al-
though the incidence of serious adverse events
and discontinuations of vorasidenib or placebo
were low. Additional end points, including the

N ENGL J MED

effect of vorasidenib or placebo on seizures,
health-related quality of life, and neurocogni-
tion, are not reported here. Follow-up for overall
survival is ongoing.

The INDIGO trial was a phase 3 clinical trial
with a molecularly targeted therapy for IDH-
mutant glioma. Molecularly targeted therapies
have the greatest potential for long-term dis-
ease-modifying effect when used at the earliest
disease stage.** IDH mutations occur early in the
disease course.>* The patient population in the
current trial represents the earliest clinical phase
in tumorigenesis of IDH-mutant WHO grade 2
glioma: within 1 to 5 years after surgery, before
the receipt of any other cancer therapy, and be-
fore any measurable contrast-enhancement of
the tumor on MRI. The watch-and-wait period
for these patients represents an opportunity to
detect a clear signal of antitumor activity for
new therapies in placebo-controlled trials, and
our trial establishes a foundation for future
trials with a similar design. Current treatment
recommendations for patients with IDH-mutant
glioma define risk on the basis of age, extent of
resection, and grade of disease; however, data
for justifying the risk categorization on the basis
of these factors alone are limited.* Our trial al-
lowed for investigator discretion in the determi-
nation of risk but still required the exclusion of
patients with high-risk features (such as disease
with contrast enhancement on MRI or brain-stem
involvement) or uncontrolled disease-related symp-
toms. As such, the findings of this trial could be
generalized to the real-world setting regarding
how these patients are treated.

Ivosidenib and enasidenib, inhibitors of mu-
tant IDH1 and IDH2, respectively, have shown
single-agent activity for the treatment of IDH1-
or IDH2-mutant acute myeloid leukemia®**” and
IDH1-mutant cholangiocarcinoma.*® These two
agents have also shown activity in combination-
therapy regimens.*#! Although the current trial
showed the single-agent activity of vorasidenib
in patients with previously untreated WHO grade
2 glioma, additional trials will be necessary to
define the role of vorasidenib, alone or as part of
combination-therapy regimens, in patients with
glioma who have received cancer therapy previ-
ously or who present with WHO grade 3 or 4 dis-
ease. The ongoing molecular examination of
pretreatment tumor-biopsy samples and the de-
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A Progression-free Survival

No. of Events/

Hazard Ratio for Disease Progression

Subgroup Total No. of Patients (%) or Death (95% Cl)
Overall 135/331 (40.8) - 0.39 (0.27-0.56)
Age !
<18yr 0/1 ' NE (NE-NE)
181039 yr 80/163 (49.1) —- 0.47 (0.29-0.75)
40to 64 yr 53/164 (32.3) — 0.32 (0.18-0.58)
65 yr 2/3 (67) ; NE (NE-NE)
Sex 0
Male 72/187 (38.5) —a— 0.39 (0.24-0.64)
Female 63/144 (43.8) —.— 0.41 (0.24-0.70)
Geographic region '
North America 89/193 (46.1) —— 0.34 (0.21-0.54)
Western Europe 31/97 (32) — 0.54 (0.27-1.10)
Israel 15/41 (37) —a 0.45 (0.16-1.31)
Location of tumor at initial diagnosis !
Frontal lobe 92/222 (41.4) —- 0.47 (0.30-0.73)
Nonfrontal lobe 43/109 (39.4) —a— ! 0.26 (0.14-0.50)
Time from last surgery to randomization D
<2yr 517130 (39.2) —— 0.44 (0.24-0.82)
2to3yr 59/145 (40.7) —— 0.39 (0.23-0.66)
>4 yr 25/56 (45) — 0.28 (0.10-0.76)
No. of previous surgeries 0
1 106/260 (40.8) —— 0.41 (0.27-0.61)
=2 29/71 (41) —a 0.31 (0.14-0.68)
Chromosome 1p/19q codeletion status !
Codeleted 59/172 (34.3) —a— 0.32 (0.18-0.57)
Non-codeleted 76/159 (47.8) —a— 0.47 (0.29-0.75)
Longest diameter of tumor at baseline 0
=2cm 109/269 (40.5) —=— ! 0.32 (0.21-0.48)
<2cm 26/62 (42) —— 0.81 (0.37-1.77)

1
1.00 10.00

Vorasidenib Better Placebo Better

B Receipt of Next Intervention

No. of Events/

Hazard Ratio for Next Anticancer Treatment or Death

Subgroup Total No. of Patients (%) (95% CI)
Overall 77/331 (23.3) —-— 0.26 (0.15-0.43)
Age !
<18 yr 0/1 ; NE (NE-NE)
181039 yr 49/163 (30.1) —a— 0.30 (0.16-0.59)
40to 64 yr 28/164 (17.1) —a— 0.23 (0.10-0.53)
=65 yr 0/3 ! NE (NE-NE)
Sex 0
Male 43/187 (23.0) —a— 0.25 (0.13-0.49)
Female 34/144 (23.6) —a 0.27 (0.12-0.63)
Geographic region !
North America 48/193 (24.9) —a— ! 0.18 (0.09-0.39)
Western Europe 14/97 (14) I 0.37 (0.12-1.11)
Israel 15/41 (37) —e 0.30 (0.10-0.84)
Location of tumor at initial diagnosis !
Frontal 52/222 (23.4) —-— 0.29 (0.16-0.55)
Nonfrontal 25/109 (22.9) —— ' 0.20 (0.08-0.50)
Time from last surgery to randomization D
<2yr 34/130 (26.2) — 0.28 (0.12-0.64)
2to3yr 34/145 (23.4) —a— 0.21 (0.10-0.45)
>4 yr 9/56 (16) —_— 0.45 (0.09-2.19)
No. of previous surgeries 0
1 58260 (22.3) —a— 0.30 (0.16-0.54)
22 19/71 (27) —a 0.17 (0.06-0.51)
Chromosome 1p/19q codeletion status '
Codeleted 27/172 (15.7) —a— : 0.14 (0.05-0.40)
Non-codeleted 50/159 (31.4) —— 0.34 (0.18-0.62)
Longest diameter of tumor at baseline 0
=2cm 65/269 (24.2) —a— : 0.21 (0.12-0.38)
<2cm 12/62 (19) . L 064 (0.20-2.03)
0.01 0.10 1.00 10.00

Vorasidenib Better Placebo Better
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Figure 3 (facing page). Subgroup Analyses of Progression-free Survival and Time to the Next Intervention (Full
Analysis Set).

Panel A shows a forest plot of hazard ratios for disease progression or death in the analysis of imaging-based pro-
gression-free survival according to blinded independent review in key subgroups, and Panel B shows a forest plot of
hazard ratios for the receipt of the next intervention or death. Subgroup analyses were based on stratification-factor
data as entered in the interactive Web-response system. Frontal tumor location included frontal, frontoparietal, and
frontotemporal locations, and nonfrontal tumor location included all other locations. In the analyses in both panels,
the widths of the confidence intervals have not been adjusted for multiplicity. Thus, the confidence intervals should
not be used to reject (or not reject) the effects of vorasidenib. NE denotes not estimated.

Table 2. Most Common Adverse Events (Safety Analysis Set).*
Event Vorasidenib (N=167) Placebo (N=163)

Any Grade Grade =3 Any Grade Grade =3

number (percent)

Any adverse event 158 (94.6) 38 (22.8) 152 (93.3) 22 (13.5)
Increased alanine aminotransferase 65 (38.9) 16 (9.6) 24 (14.7) 0
Increased aspartate aminotransferase 48 (28.7) 7 (4.2) 13 (8.0) 0
Increased y-glutamyltransferase 26 (15.6) 5 (3.0) 8 (4.9) 2 (1.2)
Coronavirus disease 2019 (32.9) 0 (28 8) 0
Fatigue 4 (32.3) 1(0.6) 2 (31.9) 2 (1.2)
Headache 45 (26.9) 0 44 (27.0) 1(0.6)
Diarrhea (24.6) 1(0.6) (16 6) 1(0.6)
Nausea 6 (21.6) 0 7 (22.7) 0
Dizziness 25 (15.0) 0 26 (16.0) 0
Seizure 23 (13.8) 7 (4.2) 19 (11.7) 4 (2.5)
Constipation 21 (12.6) 0 20 (12.3) 0

* The safety analysis set included all the patients who received at least one dose of vorasidenib or placebo. The individual
adverse events listed are those of any grade that occurred in at least 10% of the patients in the vorasidenib group.

termination of tumor-volume gI‘OWth rates be- Disclosure forms provided by the authors are available with

fore and after trial enrollment, an approach that the full textof this article at NEJM.org. o
. . .. . 214243 A data sharing statement provided by the authors is available
has been useful in our earlier clinical trials, with the full text of this article at NEJM.org.

may help to determine opportunities for mecha-
nism-based combinations. Such data on the pa-
tients in this trial are not yet available.
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