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Abstract
Background:  Olutasidenib (FT-2102) is a highly potent, orally bioavailable, brain-penetrant and selective inhibitor 
of mutant isocitrate dehydrogenase 1 (IDH1). The aim of the study was to determine the safety and clinical activity 
of olutasidenib in patients with relapsed/refractory gliomas harboring an IDH1R132X mutation.
Methods: This was an open-label, multicenter, nonrandomized, phase Ib/II clinical trial. Eligible patients (≥18 years) 
had histologically confirmed IDH1R132X-mutated glioma that relapsed or progressed on or following standard 
therapy and had measurable disease. Patients received olutasidenib, 150 mg orally twice daily (BID) in continuous 
28-day cycles. The primary endpoints were dose-limiting toxicities (DLTs) (cycle 1) and safety in phase I and objec-
tive response rate using the Modified Response Assessment in Neuro-Oncology criteria in phase II.
Results: Twenty-six patients were enrolled and followed for a median 15.1 months (7.3‒19.4). No DLTs were ob-
served in the single-agent glioma cohort and the pharmacokinetic relationship supported olutasidenib 150 mg BID 
as the recommended phase II dose. In the response-evaluable population, disease control rate (objective response 
plus stable disease) was 48%. Two (8%) patients demonstrated a best response of partial response and eight (32%) 
had stable disease for at least 4 months. Grade 3‒4 adverse events (≥10%) included alanine aminotransferase in-
creased and aspartate aminotransferase increased (three [12%], each).
Conclusions:  Olutasidenib 150 mg BID was well tolerated in patients with relapsed/refractory gliomas harboring an 
IDH1R132X mutation and demonstrated preliminary evidence of clinical activity in this heavily pretreated population.
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Key Points

•	 Olutasidenib is a potent, brain-penetrant, selective inhibitor of mutant IDH1

•	 Olutasidenib was well tolerated in patients with relapsed/refractory gliomas

•	 The disease control rate (objective response plus stable disease) was 48%
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Gliomas represent the most common malignant primary 
brain tumors in adults and pose ongoing challenges in 
terms of mortality associated with the disease and morbidity 
associated with available treatment options.1–3 Despite cur-
rent standard of care treatments, which include surgery, 
radiotherapy, and chemotherapy, these tumors inexorably 
recur, progress in grade, and patients eventually succumb 
to their disease.4 In addition to high mortality, late radiation-
induced cognitive decline, a delayed complication of radia-
tion therapy, can affect up to half of adult patients with brain 
tumors at least 6 months after radiotherapy.2 Particularly for 
patients with lower-grade gliomas (LGG), who are expected 
to live a relatively long life, cognitive impairment of this na-
ture can present ongoing challenges in terms of quality of 
life, employment, financial burden, and independence.5

More than 70% of patients with LGG (World Health 
Organization [WHO] grades II/III) and approximately 5‒7% 
of patients with glioblastomas harbor mutations in the 
gene encoding for the isocitrate dehydrogenase protein 
1 (IDH1).6–8 IDH1 catalyzes the conversion of isocitrate to 
alpha-ketoglutarate (α-KG) and, in the process, generates 
NADPH from cofactor NADP+ to increase antioxidant pro-
tection.9,10 α-KG-dependent enzymes use α-KG as a sub-
strate to maintain normal energy metabolism in the cytosol 
and to facilitate gene expression accommodating of cel-
lular differentiation via the regulation of DNA and histone 
methylation patterns in the nucleus.11,12 In gliomagenesis, 
IDH1 mutations alter the function of IDH via neoenzymatic 
gain-of-function activity.12 This drives the conversion 
of α-KG to the structurally similar oncometabolite R-2-
hydroxyglutamate (R-2-HG) and consumes NADPH.13

Supraphysiological concentrations of R-2-HG, a com-
petitive inhibitor of α-KG-dependent enzymes, disrupts 
cellular metabolism, resulting in transcription-altering 
hypermethylation, and inhibition of cellular differentia-
tion.14,15 IDH mutations can predispose cells to malignant 
transformation and augment tumor progression.16,17 In 
preclinical models, mIDH1 has been shown to promote 
glioma tumorigenesis in concert with other co-operative 
molecular alterations.18 IDH1 mutations at codon 132 are 
heterozygous and result in dysfunctional IDH1 proteins 
when a common arginine residue in the catalytic site is 
substituted by a single histidine, serine, leucine, glycine, 
or cysteine residue (R132X).19 Of note, gliomas are known 
to have a high percentage of R132H mutations, and avail-
able data indicate that patients harboring non-R132H mu-
tations have a more favorable prognosis than patients with 
R132H mutations.20,21 It is also important to note that in 

addition to molecular characteristics such as IDH1 muta-
tion status, tumor grading remains an important predictor 
of clinical outcome.22 Based on the pivotal role that IDH1 
plays, through its effector 2-HG, in glioma initiation, cel-
lular metabolism, epigenetic modulation, redox regula-
tion, and DNA repair, targeted inhibition of mutant IDH1 
becomes an attractive therapeutic strategy for maximal 
2-HG depletion.23 Of note, the safety and clinical activity of 
ivosidenib, an inhibitor of mutant IDH1 and vorasidenib, a 
dual inhibitor of mutant IDH1/2, were recently evaluated 
in phase I studies in patients with mutant IDH gliomas.24,25 
Both drugs showed a favorable safety profile, with revers-
ible dose-limiting toxicities (DLTs) of elevated transamin-
ases for vorasidenib at doses ≥ 100 mg. In patients with 
non-enhancing gliomas, ivosidenib showed prolonged dis-
ease control and reduced tumor growth and vorasidenib 
showed preliminary antitumor activity. For both studies, 
no patients with enhancing gliomas had a confirmed re-
sponse, though prolonged stable disease was observed in 
an important number of patients.

Olutasidenib (FT-2102) is a highly potent, orally bioa-
vailable, brain-penetrant, and selective inhibitor of mu-
tant IDH1.26 Olutasidenib was designed to reduce R-2-HG 
and revert pathologic epigenetic modifications that im-
pair cellular differentiation to restore regulatory enzyme 
function. In an ongoing phase I/II study, olutasidenib, as 
monotherapy or in combination with azacitidine, has been 
shown to be well tolerated and induce durable complete 
remissions in a subset of patients with high-risk relapsed/
refractory acute myeloid leukemia (AML) and has shown 
preliminary evidence of clinical activity in patients with 
myelodysplastic syndrome (MDS).27–30

Here, we report on the phase Ib/II study evaluating the 
safety, tolerability, pharmacokinetics (PK), and clinical 
activity of olutasidenib monotherapy in a cohort of pa-
tients with relapsed or refractory gliomas harboring IDH1 
mutations.31

Methods

Study Design and Participants

This was an open-label, multicenter, nonrandomized, 
phase Ib/II, basket study of advanced solid malignancies 
including gliomas assessed in parallel groups across 26 
global sites in North America, Europe, and Asia-Pacific. 

Importance of the Study

Olutasidenib is a brain-penetrant, selective inhib-
itor of mutant IDH1. In this study, olutasidenib 150  mg 
twice daily was well tolerated in patients with re-
lapsed or refractory gliomas harboring an IDH1 mu-
tation. Olutasidenib plasma concentrations, at levels 
predicted to safely provide benefit, were maintained 
over the duration of treatment, and measurement of 
olutasidenib in cerebrospinal fluid provided evidence 

of brain penetration. Olutasidenib demonstrated prelim-
inary evidence of clinical activity in heavily pretreated 
patients with progressive/recurrent, enhancing, high-
grade and low-grade gliomas. Magnetic resonance im-
ages for two patients with a partial response provided 
evidence of an ≥80% reduction in tumor burden (ie, MRI 
cross-sectional tumor area) and 32% (8/25) patients had 
stable disease for >4 months.
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Here, we report the results of the patients who received 
olutasidenib monotherapy in the glioma cohort.

Screening for patient eligibility was performed ≤30  days 
from the first dose of study drug. In phase Ib of this study, treat-
ment was initiated in a safety lead-in period over a 28-day cycle 
during which dose-limiting toxicities (DLTs) in patients receiving 
olutasidenib were monitored using a standard 3 + 3 design. The 
planned starting dose of olutasidenib was 150 mg twice daily, 
equivalent to the recommended phase II dose (RP2D) for pa-
tients with acute myeloid leukemia or myelodysplastic syn-
drome in a phase I/II hematological study.27

In phase II, an optimal Simon’s two-stage design was 
used to assess efficacy and confirm the overall safety of 
olutasidenib. Eight patients with relapsed or refractory 
glioma were to be enrolled and treated with the RP2D for 
olutasidenib in stage I, and if ≥1 responses were observed, 
an additional 15 patients could be enrolled and treated 
until disease progression without clinical benefit or unac-
ceptable toxicity (Figure 1).

Patients considered for this study were aged ≥18 years, 
had histologically confirmed IDH1R132X mutant glioma that 
relapsed or progressed on or following standard therapy, 
measurable disease, and a life expectancy of ≥4  months 
(see Supplementary Material for additional detail regarding 
glioma-specific inclusion criteria). Patients had to be re-
covered to National Cancer Institute Common Terminology 
Criteria for Adverse Event (CTCAE; version 4.03) grade 
≤ 2 or baseline toxicity (excluding alopecia) since prior 
therapy, have adequate hepatic, renal, bone marrow, and 
cardiac function, and an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0–2. There were no 
eligibility restrictions for tumor grade at baseline. All prior 
antitumor treatments were allowed, except for prior IDH1 
inhibitor treatment; the minimum elapsed time from last 
dose of prior treatment to first dose of olutasidenib was 
specified by the study protocol. Per protocol, patients were 

excluded if they had prior radiation therapy within 4 weeks 
of the first dose of study treatment. Enrolment of patients 
who had failed bevacizumab was allowed per protocol. 
Patients who underwent a previous solid organ or hemato-
poietic cell transplant were excluded.

All patients gave written informed consent before 
screening and enrolment and the study was conducted 
in accordance with the principles of the Declaration of 
Helsinki and approved by the institutional ethical review 
boards or local ethics committees of participating institu-
tions. Additional study details are available in the protocol.

Procedures

Patients with relapsed or refractory gliomas harboring 
IDH1R132X mutations received olutasidenib orally, as a 
150-mg capsule twice daily, in continuous 28-day cycles. 
Capsules were received at least 2-hours postprandially or 
at least 30 min before a meal.

DLTs were assessed during the safety lead-in period in 
phase I using the CTCAE version 4.03. DLTs were events 
unrelated to underlying disease and considered related to 
olutasidenib. Any adverse events (AEs) that met the cri-
teria for a DLT but occurred after cycle 1 or during stage I of 
phase II were also considered. DLTs comprised clinically 
relevant grade ≥3 nonhematologic laboratory findings 
with clinical sequelae or requiring treatment, and all grade 
≥3 toxicities (excluding grade 3 nausea, vomiting, or rash 
lasting <72 hours with optimal medical management), as 
well as grade 4 neutropenia lasting >7 days and grade ≥3 
thrombocytopenia and grade ≥3 febrile neutropenia.

Safety monitoring of AEs, including AEs of special in-
terest, and serious AEs occurred from the time of signed 
informed consent through 28  days after the last dose of 
olutasidenib. AEs were graded for severity according to 

  
26 patients screened for study eligibility

26 patients with an IDH1R132X mutation
entered the study

Phase Ib: Safety lead-in period Phase II: Simon’s two-stage design

3 + 3 DLT evaluation
3 patients enrolled, 0/3 had a DLT <2 DLTs

0 patients excluded for screening failure

Stage I: Efficacy and safety analysis over 
             ≤4 cycles (28 days each)
8 additional patients enrolled

26 patients received ≥1 dose of olutasidenib
monotherapy (safety analysis set)
25 patients had measurable disease and 
≥1 post-baseline response assessment
(response-evaluable set)

21 patients discontinued treatment
    1 with adverse event
    20 with disease progression

5 patients remain on treatment

Stage II: Efficacy analysis until unacceptable
               toxicity or disease progression
15 additional patients enrolled

≥1 response

15 patients discontinued study participation
    13 deaths
    1 lost to follow-up
    1 discontinuation of study by sponsor

Fig. 1  Trial profile. DLT, dose-limiting toxicity; IDH1R132X, isocitrate dehydrogenase 1 mutation.
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac139#supplementary-data
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the CTCAE 4.03 and investigators assessed their related-
ness to olutasidenib. Treatment-emergent adverse events 
(TEAEs) were summarized using the Medical Dictionary for 
Regulatory Activities (MedDRA; version 21.0). Other key 
safety assessments included clinical laboratory measure-
ments (blood chemistry and hematology tests done prior 
to dosing on dosing days), additional liver function tests 
(days 8 and 22 [±2] of cycle 2 and beyond), ECOG perfor-
mance status, and physical exams. PK assessments are de-
scribed in the Supplementary Material.

For the assessment of antitumor activity, investigators 
evaluated best response in accordance with the modified 
Response Assessment in Neuro-Oncology (RANO) 2017 cri-
teria and RANO-LGG.32,33 Tumor responses were assessed 
using contrast-enhanced magnetic resonance imaging 
(MRI). Efficacy assessments were on day 1 (±7) of cycles 
3, 5, 7, 9, and 12, and every three cycles thereafter. All re-
sponses were confirmed with a follow-up MRI obtained at 
least 4 weeks after the initial partial response.

For exploratory assessments, central blinded volumetric 
assessments of tumor size changes (ie, tumor burden) 
utilized MRI and included the analysis of T2 or fluid atten-
uated inversion recovery (FLAIR) tumor volume, and post-
gadolinium T1-weighted volumes (ie, nonenhancing and 
enhancing).

Survival follow-up assessments occurred every 
3  months, after documented disease progression or the 
start of a new anticancer therapy, for up to 2  years fol-
lowing the first dose of olutasidenib or up to 1 year after 
the last dose, whichever was longer.

Outcomes

The primary endpoints were DLTs in the safety lead-in 
period, AEs, and safety laboratory values in phase Ib 
and objective response rate (ORR) per assessment cri-
teria in phase II.  ORR was defined as the proportion of 
patients with a best response of complete response, par-
tial response, or for LGGs, a minor response. Secondary 
endpoints were AEs, laboratory values (phase II), PK values 
derived from olutasidenib in plasma or cerebrospinal fluid 
as available, ORR (phase Ib), and time-to-event endpoints 
(phase Ib/II) including progression-free survival (PFS), time 
to progression, time to response, duration of response, 
and overall survival.

Statistical Analysis

The data cutoff date for this analysis was December 3, 
2020. The Simon’s two-stage design employed used a 
one-sided alpha of 0.025, power of 80%, a null hypothesis 
of 5% ORR, assuming the true ORR was 25%. In stage II, 
the null hypothesis of 5% ORR was to be rejected if ≥4 re-
sponses were achieved out of a total of 23 patients (17%). 
The null hypothesis rate of 5% was chosen assuming the 
possibility of a placebo response rate of 5% based on po-
tential for variability in imaging and historical control re-
sponse rates.34 The 25% ORR alternative hypothesis rate 
was selected to be superior to the rate of temozolomide in 
recurrent GBM patients and allowed for a reasonably small 
sample size in this signal-seeking study.35,36

Analysis sets utilized in this study were: the DLT-
evaluable population, participants who had a DLT during 
cycle 1 or completed ≥75% of the prescribed cycle 1 dose 
in the safety lead-in period; the safety population, all pa-
tients who received any amount of olutasidenib during 
the study; the response-evaluable population, all patients 
with measurable disease who received any amount of 
olutasidenib and had ≥1 post-baseline response assess-
ment, or discontinued treatment owing to disease progres-
sion within 8 [+2] weeks of first olutasidenib dose; and the 
PK population, patients from stage I who received ≥1 dose 
of olutasidenib and for whom ≥1 primary PK parameter 
was calculable.

ORR was evaluated at the one-sided, 0.025 level of sig-
nificance. Post-hoc analyses summarized disease control 
rate (objective response plus stable disease) using de-
scriptive statistics. Time-to-event data were summarized as 
the median (interquartile range [IQR]) using Kaplan–Meier 
methodology with associated two-sided 95% confidence 
intervals (CI) and percentage of censored observations. 
All other data were analyzed using SAS statistical software 
(version 9.3) to calculate descriptive statistics.

The study was registered with ClinicalTrials.gov, 
NCT03684811 and the European Clinical Trials database, 
Eudra-CT, number 2018-001796-21.

Results

Between November 7, 2018 and February 3, 2020, 26 pa-
tients with glioma were screened for this study. All 26 
patients comprised the safety analysis set, three (12%) pa-
tients were in the DLT-evaluable analysis set, 25 (96%) were 
in the response-evaluable analysis set, and 13 (50%) made 
up the PK analysis set. Five (19%) patients remained on 
treatment at the data cutoff date.

Baseline characteristics in the safety population are sum-
marized (Table 1). The median age of patients was 45 (IQR 
40‒49) years, the majority were male (17 [65%]), and White 
(25 [96%]). At study enrolment, most patients (22 [85%]) 
had tumors classified as WHO grade III/IV: grade III (15 
[58%]) and grade IV (seven [27%]). The most common types 
of IDH1-mutated glioma were anaplastic astrocytoma (11 
[42%] patients) and glioblastoma (seven [27%]). Most pa-
tients (22 [85%]) had the IDH1R132H mutation subtype (Table 
1). At study enrolment, tumors were enhancing in 23 (88%) 
patients. Overall, patients had experienced disease recur-
rence a median 3.4  months (IQR 1.3‒37.4) since last re-
currence. Patients had received a median of 2 (IQR 1‒3) 
prior regimens with 11 (42%) patients receiving ≥3 prior 
regimens. All patients had prior radiation therapy (seven 
with prior re-radiation), all had at least one surgery prior 
to enrolment, including five patients who had surgery/bi-
opsy immediately before enrolment (<2 months) with no 
therapy from the time of the surgical procedure to the 
time of enrolment, and 23 (88%) had prior chemotherapy. 
Patients most commonly received prior: temozolomide (23 
[88%] patients), lomustine (nine [35%]), procarbazine (five 
[19%]), and bevacizumab (four [15%]).

The median follow-up time was 15.1  months (IQR 
7.3‒19.4). The overall median duration of olutasidenib 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac139#supplementary-data
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treatment was 4.2  months (1.5–15.2); up to 21 (28-day) 
cycles of olutasidenib were received by five patients in the 
safety analysis set. Mean compliance was 100% (standard 
deviation 1) during cycle 1 and 99% (3) overall. Protocol-
defined disease progression was the most common pri-
mary reason for treatment discontinuation (20/26 [77%] 
patients) and death was the most common reason for 
study discontinuation (13 [50%] patients; Figure 1).

In the phase Ib safety lead-in period, the first three 
patients who received 150  mg of olutasidenib twice 
daily experienced no DLTs. In view of available PK data 
(Supplementary Table 1 and Figure 1), and supportive 
safety, PK, and pharmacodynamic data in patients with 
acute myeloid leukemia (AML) or myelodysplastic syn-
drome (MDS),37 the initially selected olutasidenib dosing 
regimen was determined to be tolerable and safe, and was 

  
Table 1.  Baseline Characteristics

Characteristics*,† Olutasidenib (N = 26) 

Age in years

  Median (IQR) 45 (40‒49)

  By category  

    18–40 7 (27%)

    41–59 16 (62%)

    ≥60 3 (12%)

Sex‡

  Female 9 (35%)

  Male 17 (65%)

Race

  White 25 (96%)

  Not reported 1 (4%)

Ethnicity

  Hispanic 2 (8%)

  Non-Hispanic 22 (85%)

  Not reported 2 (8%)

ECOG performance status

  0 10 (38%)

  1 13 (50%)

  2 3 (12%)

Grade at initial diagnosis

  II 7 (27%)

  III 14 (54%)

  IV 3 (12%)

  Unknown/NA 2 (8%)

IDH1 mutation subtype

  R132H 22 (85%)

  R132L 2 (8%)

  R132C 1 (4%)

  R132G 1 (4%)

Baseline steroid use

  Yes 5 (19%)

  No 21 (81%)

Median (IQR) years since initial  
diagnosis

6 (4-11)

Median (IQR) years since last  
recurrence

0.3 (0.1-3.1)

Prior therapies**

  Surgery only 2 (8%)

  Systemic therapy and surgery 24 (92%)

  Radiation 26 (100%)

Median (IQR) number of prior  
surgeries

2 (1‒2)

Median (IQR) years since last surgery 1.8 (0.5–2.7)

Median (IQR) years since last  
radiation

1.9 (0.9–6.4)

Median (IQR) number prior  
regimens§

2 (1‒3)

Characteristics*,† Olutasidenib (N = 26) 

Number of prior regimens§

  1 7 (27%)

  2 6 (23%)

  3 7 (27%)

  >3 4 (15%)

Glioma diagnosis

  Diffuse astrocytoma, IDH mutant 1 (4%)

  Anaplastic astrocytoma, IDH  
mutant***

12 (46%)

  Oligodendroglioma, IDH mutant 4 (15%)

  Anaplastic oligodendroglioma,  
IDH mutant

2 (8%)

  Glioblastoma, IDH mutant 7 (27%)

Tumor type

  Enhancing 23 (88%)

  Non-enhancing 3 (12%)

Glioma grade at study enrolment (per WHO)****

  II 4 (15%)

  III 15 (58%)

  IV 7 (27%)

*Data are n (%) and median (IQR), unless shown otherwise.
†Percentages may not sum to 100% due to rounding.
‡Sex (as assigned at birth).
§n = 24.
**All prior antitumor treatments were allowed, except for prior IDH1 
inhibitor treatment; the minimum elapsed time from last dose of prior 
treatment to first dose of olutasidenib was specified by the study 
protocol.
***Includes one patient with a diagnosis of “anaplastic astrocytoma, 
NOS”; patient was confirmed to harbor an R132H IDH1 mutation.
****Includes updated tumor grade information for 5 patients with sur-
gery with ~2 months of enrolment.
ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; 
NA, not applicable, NOS, not otherwise specified; STD, standard devia-
tion; WHO, World Health Organization.

  

Table 1.  Continued

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac139#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac139#supplementary-data
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chosen as the RP2D for further consideration in patients 
with glioma in this study.

TEAEs were reported for all patients (26 [100%]), with 
treatment-related events in 23 (88%) patients. Serious AEs 
(SAEs) were reported for 11 (42%) patients, with treatment-
related serious events in three (12%) patients. The most 
common (>25%) TEAEs were: nausea (14/26 [54%] pa-
tients), fatigue (13 [50%]), alanine aminotransferase (ALT) 
increased, diarrhea, and headache (eight [31%] each), 
and constipation and fall (seven [27%] each) (Table 2 and 
Supplementary Table 2). Most events were mild or mod-
erate in severity and did not result in treatment modification 
or discontinuation. Grade 3‒4 TEAEs (irrespective of cau-
sality) were reported for 11 (42%) patients. Grade 3 events 
included ALT increased and aspartate aminotransferase 
(AST) increased, each in three (12%) patients, hemiparesis 
in two (8%), and all other events were reported in one (4%) 
patient each (Table 2 and Supplementary Table 3). One (4%) 
patient had a grade 4 event of treatment-related acute hep-
atitis. Two (8%) patients had fatal disease progression not 
related to treatment within 28 days after the last dose of 
olutasidenib. The most common (>20%) treatment-related 
AEs were nausea (ten [38%]), ALT increased (eight [31%]), 
and fatigue (seven [27%]); treatment-related grade 3 events 
reported in more than one patient were ALT and AST in-
creased (three [12%] each) (Supplementary Table 4). As 
noted above, SAEs were reported in 11 (42%) patients, with 
treatment-related SAEs in three (12%) patients (one [4%] 
patient each with grade 4 acute hepatitis or grade 3 platelet 
count decreased, and one [4%] patient with both nausea 
and vomiting, each of grade 3 severity). Olutasidenib was 
withdrawn for the one patient with grade 4 acute hepa-
titis which resolved within 3 weeks with supportive treat-
ment. Four (15%) patients had dose reductions that were 
treatment-related (three [12%] for ALT increased and one 
[4%] for hypophosphatemia) and five (19%) patients had 

treatment-related dose interruptions.
The majority of abnormal laboratory values were grades 

1-2 and not clinically significant. One (4%) patient with 
acute hepatitis had concurrent grade 4 elevations in ALT 
and total bilirubin which decreased to grade 1 and grade 2, 
respectively, and resolved in 3 weeks. Mean changes from 
baseline in vital signs were also not of clinical significance 
across cycles through to end of treatment and the safety 
follow-up visit.

Steady state PK parameters for olutasidenib were 
achieved by cycle 1, day 8 and systemic exposure remained 
consistent for the duration of treatment (Supplementary 
Figure 1). On day 1 of cycle 2, the mean maximum plasma 
concentration at steady state was 2832 (CV%, 31.0) ng/
mL and the mean area under the curve was 19,500 h·ng/
mL (Supplementary Table 1). In cerebrospinal fluid (CSF) 
samples collected from two patients, the measured 
olutasidenib concentration ranged from 22.5 to 31.8 ng/mL 
and the unbound brain partition coefficients (Kpuu) were 
0.79 and 0.54, respectively (Supplementary Table 5).

Following exposure to olutasidenib, 2/25 (8%) patients 
in the response-evaluable set (95% CI 1.0‒26.0%) demon-
strated an objective response (both best responses of par-
tial response) (Table 3 and Figure 2A), which did not meet 
the primary endpoint for activity. The partial responses per 

RANO were closely aligned with the independent central 
volumetric assessments (Figure 2B). The median time to 
response was 8.8  months (IQR 1.9‒15.6). Of the two re-
sponders, one patient’s duration of ongoing response was 
2.3 months as of the data cut-off and the duration of re-
sponse for the second patient was 10.0 months. The best 
overall responses per RANO for individual patients are 
shown in conjunction with duration of olutasidenib treat-
ment (Supplementary Figure 2). Both responders had 
enhancing tumors at baseline; one was grade III and the 
other was a grade IV glioblastoma. Molecular profiling of 
these patients at the time of initial diagnosis demonstrated 
IDH1 R132H and TP53 mutations. One of these tumors also 
showed ATRX loss (Supplementary Table 6) and both tu-
mors tested negative for CDKN2 loss.

Data showing tumor shrinkage with olutasidenib 
monotherapy are shown for the above two patients 
(Supplementary Figure 3). Target lesions identified using 
baseline brain MRIs were followed on study treatment; 
areas of cystic change and/or necrosis on T2/FLAIR for 
volumetric analysis were included in the estimate of total 
lesion volume and nonenhancing tumor volume on post-
gadolinium T1-weighted images. Each set of MRIs is ac-
companied by longitudinal data depicting the percentage 
change in tumor burden by treatment cycle. The overall 
reductions in tumor burden reached or exceeded 80% 
over the course of treatment with olutasidenib for these 
patients.

The disease control rate (objective response plus stable 
disease) was 48% (12/25 patients), with a median dura-
tion of disease control of 8.6 (95% CI 5.8‒14.8) months. 
Ten (40%) response-evaluable patients had a best overall 
response of stable disease, with a median duration of 5.0 
(95% CI 4.2‒14.6) months; eight of ten (80%) had stable dis-
ease for >4 months. Four of the ten (40%) patients who had 
stable disease achieved a reduction in the sum of prod-
ucts of the diameters <50% which did not qualify for par-
tial response. Upon completion of the blinded independent 
central review, no target lesion was identified for one of 
25 (4%) patients. Four out of 24 (17%) patients with cen-
tral blinded volumetric assessments exhibited a ≥50% de-
crease in tumor burden after receiving olutasidenib, and an 
additional five patients had a reduction in tumor volume of 
<50% (Figure 2, Table 2).

As of December 3, 2020, with five (19%) patients on-
going, 19 PFS events had occurred with a median PFS of 
1.9  months (95% CI 1.8‒4.6) and a median time to pro-
gression of 1.9 months (95% CI 1.8‒4.6) in the response-
evaluable population (Supplementary Figure 4A). For 
patients with low-grade gliomas (n = 4), the median PFS 
was 16.9 (95% CI −0.9 to 27.1) months. Six- and 12-month 
PFS rates were 25.0% (95% CI 10.2‒43.1%) and 20.8% 
(7.6‒38.5%), respectively (Supplementary Figure 4A). 
At the time of analysis, 13 deaths (50%) had occurred. 
Median overall survival was 17.2 months (95% CI 11.5–not 
estimable) (Supplementary Figure 4B). Six- and 12-month 
survival rates were 80.8% (95% CI 59.8‒91.5%) and 67.9% 
(45.7‒82.6%), respectively. The PFS of patients with 
enhancing gliomas who received olutasidenib mono-
therapy is also shown (Supplementary Figure 5).
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Discussion

Despite genomic and metabolomic advances in glioma 
over the last 15  years, therapeutic improvements have 
translated to minimal clinical benefit and glioma pa-
tients continue to have a poor clinical outcome with high 
morbidity, including cognitive decline, and high mor-
tality. Therefore, effective and less toxic treatments for 
glioma remain an unmet medical need.38 In this study, 
we demonstrated that olutasidenib monotherapy, at 
the RP2D of 150  mg twice daily, was well tolerated in 
patients with glioma with no DLTs reported during the 
safety lead-in period of the study. At the RP2D, steady 
state olutasidenib plasma concentrations were above the 
preclinical minimum considered effective, yet below the 
concentration predicted to pose a QT prolongation risk 
(Supplementary Figure 1). Olutasidenib measured in CSF 
samples from two patients confirmed brain penetration 

at levels expected to be clinically meaningful. Although 
the study failed to meet the primary efficacy endpoint 
of ORR, olutasidenib monotherapy provided prelimi-
nary evidence of clinical activity, with a disease con-
trol rate of 48% in heavily pretreated patients with 
high-grade glioma.

In this study of patients with recurrent/relapsing glioma, 
olutasidenib monotherapy provided encouraging pre-
liminary evidence of clinical activity, and a 12-month 
PFS rate of 20.8%. Contrasted with the recently pub-
lished data of vorasidenib and ivosidenib in patients 
with enhancing glioma where objective responses were 
not observed,24,25 two patients with enhancing, high-
grade glioma (one anaplastic astrocytoma and one gli-
oblastoma) treated with olutasidenib in this study had 
a durable partial response (>80% tumor reduction). In 
the recent study of ivosidenib in patients with advanced 
IDH1-mutated gliomas, SD was reported in 45.2% of pa-
tients with enhancing disease with a median PFS of 

  
Table 2.  Summary of All Grades and Grades 3‒4 Treatment-emergent Adverse Events Reported for ≥10% of Patients (All Grades) in the Safety 
Population

Preferred term*,† Any grade  
N = 26 

Grades 3–4§  
N = 26 

Nausea 14 (54%) 1 (4%)

Fatigue 13 (50%) 0

Alanine aminotransferase increased 8 (31%) 3 (12%)

Diarrhea 8 (31%) 0

Headache 8 (31%) 1 (4%)

Constipation 7 (27%) 0

Fall 7 (27%) 0

Aspartate aminotransferase increased 5 (19%) 3 (12%)

Dysgeusia 5 (19%) 0

Seizure 5 (19%) 0

Vomiting 5 (19%) 1 (4%)

Dizziness 4 (15%) 0

Hypertension 4 (15%) 0

Insomnia 4 (15%) 0

Platelet count decreased 4 (15%) 1 (4%)

Upper respiratory tract infection 4 (15%) 0

Aphasia 3 (12%) 0

Confusional state 3 (12%) 0

Decreased appetite 3 (12%) 0

Dyspepsia 3 (12%) 0

Epistaxis 3 (12%) 0

Hemiparesis 3 (12%) 2 (8%)

Hypophosphatemia 3 (12%) 1 (4%)

Muscular weakness 3 (12%) 0

Paresthesia 3 (12%) 0

Data are n (%).
*Safety analysis set was defined as all patients who received any amount of study drug of olutasidenib.
†Per protocol, disease progression was not considered an adverse event when assessed by the Investigator to be unrelated to olutasidenib.
§All listed grade 3‒4 events were grade 3 and considered related to study drug except for headache and hemiparesis.
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1.4 months. For patients with nonenhancing gliomas re-
ceiving ivosidenib, the ORR was 2.9% (1 partial response), 
with 85.7% patients achieving SD, and a median PFS of 
13.6  months.25 Similarly, in the study of vorasidenib in 
patients with mutant IDH1/2 glioma, SD was reported in 
56.7% of patients with enhancing disease with a median 
PFS of 3.6 months, while for patients with nonenhancing 
disease, 72.7% of patients had a best response of SD and 

the median PFS was 36.8 months.24 While it is difficult to 
compare across studies with different patient populations, 
in our analysis of patients with predominantly enhancing 
IDH1-mutant gliomas treated with olutasidenib, we ob-
served a best response of SD in 40% of patients with a 
median PFS of 1.9  months. The low number of patients 
with nonenhancing disease in this study limits our ability 
to draw any meaningful conclusions about olutasidenib 
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Fig. 2  Best response per RANO criteria and percentage change from baseline following olutasidenib therapy. (A) Investigator assessment using 
RANO and (B) volumetric assessments of tumor burden by central review. Color-coding of best response is provided according to RANO evalu-
ation for both panels. Changes exceeding 100% are reported as 100%. BICR, blinded independent central review; PD, progressive disease; PR, 
partial response; RANO, Response Assessment in Neuro-Oncology; SD, stable disease.
  

  
Table 3:  Tumor burden assessed using RANO (2D) and volumetry (3D) in the response-evaluable analysis set*

Investigator-assessed responses using RANO criteria n/N ORR 95% CI 

Objective response rate (ORR) 2/25 8% 1.0‒26.0%

Best overall response    

  Partial response (PR) 2/25 8% 1.0‒26.0%

  Stable disease (SD)† 10/25 40%  

  Progressive disease (PD)‡ 13/25 52%  

Clinical benefit rate (CR+PR+SD) 12/25 48%  

Disease control rate (PR+SD) 12/25 48%  

SD >4 months 8/25 32%  

Blinded independent central review using volumetry n/N§ %  

  ≥50% decrease 4/24 17%  

  >25% decrease but <50% decrease 2/24 8%  

  ≤25% decrease and ≤25% increase 7/24 29%  

  >25% increase 11/24 46%  

*Response-evaluable analysis set was defined as all patients with measurable disease who received any amount of olutasidenib and had ≥1 post-
baseline response assessment, or discontinued treatment owing to disease progression within 8 (+2) weeks of first olutasidenib dose.
†Two patients had non-enhancing tumors.
‡One patient had a non-enhancing tumor.
§One patient was non-evaluable for volumetric assessment.
2D=two-dimensional; 3D=three-dimensional; CI=confidence interval; RANO=Response Assessment in Neuro-Oncology.
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activity in patients with nonenhancing tumors, and ad-
ditional studies are warranted. Importantly, by central 
blinded volumetric assessments, 4/24 (17%) patients ex-
hibited a ≥50% decrease in tumor burden after receiving 
olutasidenib, with an additional five patients having a re-
duction in tumor volume <50%, raising the question if ad-
ditional volumetric assessments may be needed to better 
evaluate treatment response in IDH-mutant gliomas. 
Of note, most patients in the study (85%) had canonical 
R132H mutations so it is difficult to draw any meaningful 
conclusions about potential differences in outcomes 
across R132H and non-R132H patients. Both patients with 
a partial response had R132H mutations, for the four pa-
tients with non-R132H mutations, one (nonevaluable) pa-
tient with R132C had a best response of stable disease 
with >23  months on olutasidenib therapy while the two 
patients with R132L and the one patient with R132G had 
disease progression after approximately 1–2  months of 
treatment.

It has been suggested that the lack of single-agent 
antitumor efficacy of vorasidenib in patients with 
enhancing gliomas may be due to the presence of addi-
tional genomic alterations in these tumors that can bypass 
the need for the mIDH enzyme for tumor maintenance.24 
As our protocol did not mandate tumor biopsy nor ge-
nomic sequencing immediately preceding study enrol-
ment, we are unable to further address this question. For 
future studies, mandatory genomic analyses at time of 
enrolment may help to shed light on the concept that the 
efficacy of single-agent mIDH inhibitors may be linked to 
the need for the mIDH enzyme for tumor maintenance, 
based on the presence or absence of additional genomic 
alterations, rather than on the enhancing component in im-
aging, or tumor grading.

Overall, our preliminary data are promising considering 
that olutasidenib was well tolerated as a single agent and 
demonstrated antitumor activity and disease control in a 
population with relapsed or refractory, heavily pretreated, 
and predominantly enhancing IDH1-mutated tumors. 
These data support further exploration of olutasidenib 
combination trials in the upfront or recurrent setting for 
IDH1-mutant high-grade gliomas.

Limitations of our study include the relatively small 
number of patients as well as the absence of updated ge-
nomic sequence at enrolment and on-treatment/end-of-
treatment biopsies that would be addressing some of our 
pending questions. Although the preliminary CSF data 
for two patients are encouraging, additional confirma-
tory analyses would be beneficial. Genomic sequencing 
at enrolment may help to identify additional driver mu-
tations that these tumors may add during the course of 
the disease and would further our understanding of the 
role of IDH mutations in the recurrent, advance setting. 
An on-treatment/end-of-treatment biopsy may confirm 
the biological effect of the drug, identify a potential mech-
anism of resistance, and allow for the prediction of useful 
combinatory approaches. Furthermore, patients were not 
stratified by tumor grade or enhancing status at base-
line; therefore limiting our ability to draw any conclusions 
about olutasidenib activity in patients with low-grade 
gliomas or patients with non-enhancing tumors; these pa-
tient populations will need to be included in future studies.

We conclude that clinically relevant olutasidenib plasma 
concentrations were reached at the RP2D of 150 mg twice 
daily, a dose sufficient to penetrate the blood‒brain bar-
rier yet observed to be tolerable with no unexpected safety 
concerns. This phase Ib/II study in patients with relapsed 
or refractory and predominantly enhancing gliomas har-
boring IDH1R132X mutations provides preliminary evidence 
of the clinical activity and prolonged disease control that 
can be achieved with oral olutasidenib in this heavily 
pretreated population.
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Supplementary material is available at Neuro-Oncology 
online.
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