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BACKGROUND
Mutations in the gene encoding isocitrate dehydrogenase 1 (IDH1) occur in 6 to 
10% of patients with acute myeloid leukemia (AML). Ivosidenib (AG-120) is an oral, 
targeted, small-molecule inhibitor of mutant IDH1.

METHODS
We conducted a phase 1 dose-escalation and dose-expansion study of ivosidenib mono-
therapy in IDH1-mutated AML. Safety and efficacy were assessed in all treated patients. 
The primary efficacy population included patients with relapsed or refractory AML 
receiving 500 mg of ivosidenib daily with at least 6 months of follow-up.

RESULTS
Overall, 258 patients received ivosidenib and had safety outcomes assessed. Among 
patients with relapsed or refractory AML (179 patients), treatment-related adverse 
events of grade 3 or higher that occurred in at least 3 patients were prolongation of 
the QT interval (in 7.8% of the patients), the IDH differentiation syndrome (in 3.9%), 
anemia (in 2.2%), thrombocytopenia or a decrease in the platelet count (in 3.4%), 
and leukocytosis (in 1.7%). In the primary efficacy population (125 patients), the rate 
of complete remission or complete remission with partial hematologic recovery was 
30.4% (95% confidence interval [CI], 22.5 to 39.3), the rate of complete remission was 
21.6% (95% CI, 14.7 to 29.8), and the overall response rate was 41.6% (95% CI, 32.9 to 
50.8). The median durations of these responses were 8.2 months (95% CI, 5.5 to 12.0), 
9.3 months (95% CI, 5.6 to 18.3), and 6.5 months (95% CI, 4.6 to 9.3), respectively. 
Transfusion independence was attained in 29 of 84 patients (35%), and patients 
who had a response had fewer infections and febrile neutropenia episodes than those 
who did not have a response. Among 34 patients who had a complete remission or 
complete remission with partial hematologic recovery, 7 (21%) had no residual detect-
able IDH1 mutations on digital polymerase-chain-reaction assay. No preexisting co-
occurring single gene mutation predicted clinical response or resistance to treatment.

CONCLUSIONS
In patients with advanced IDH1-mutated relapsed or refractory AML, ivosidenib at a 
dose of 500 mg daily was associated with a low frequency of grade 3 or higher treat-
ment-related adverse events and with transfusion independence, durable remissions, 
and molecular remissions in some patients with complete remission. (Funded by Agios 
Pharmaceuticals; ClinicalTrials.gov number, NCT02074839.)
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Somatic mutations within the con-
served active site of isocitrate dehydrogenase 
(IDH) 1 and 2 occur in multiple tumors, 

including glioma, acute myeloid leukemia (AML), 
cholangiocarcinoma, and chondrosarcoma. IDH1 
and IDH2 mutations confer a neomorphic enzy-
matic activity, resulting in the reduction of α-keto
glutarate to the oncometabolite R-2-hydroxygluta-
rate.1,2 2-Hydroxyglutarate competitively inhibits 
α-ketoglutarate–dependent enzymes, leading to 
epigenetic alterations and impaired hematopoietic 
differentiation.2-5 IDH1 mutations occur in approxi-
mately 6 to 10% of the patients with AML, and 
IDH2 mutations occur in approximately 9 to 13% 
of those with AML.2,6-9

Ivosidenib (AG-120)10 and enasidenib (AG-221)11,12 
are oral, targeted, small-molecule inhibitors of 
mutant IDH1 and mutant IDH2, respectively. 
Enasidenib was approved in the United States in 
August 2017 for adult patients with relapsed or 
refractory AML with an IDH2 mutation as detect-
ed by a Food and Drug Administration–approved 
test.13 Preclinical studies showed that ivosidenib 
treatment decreased intracellular levels of 2-hydroxy-
glutarate and induced differentiation in models of 
IDH1-mutated tumors.10,14 We assessed the safety, 
maximum tolerated dose, pharmacokinetic and 
pharmacodynamic profiles, and clinical activity of 
ivosidenib in patients with advanced hematologic 
cancers, including relapsed or refractory AML.

Me thods

Study Design and Oversight

This was a phase 1, multicenter, open-label, dose-
escalation and dose-expansion study. Ivosidenib 
was administered orally, daily, in 28-day cycles. 
The dose-escalation phase used a standard phase 1 
design of three to six patients per cohort. Dose-
limiting toxic effects were evaluated during cycle 1 
to establish the maximum tolerated dose and 
recommended phase 2 dose. Dose-limiting toxic 
effects were defined as nonhematologic toxic 
effects of grade 3 or higher or prolonged myelo-
suppression with the persistence of grade 4 or 
higher neutropenia or thrombocytopenia in the 
absence of leukemia (blast count, <5%) at least 
42 days after treatment initiation. The dose-expan-
sion phase included four groups that differed in 
patient eligibility criteria. (For details on the study 
design, see Fig. S1 in the Supplementary Appen-

dix, available with the full text of this article at 
NEJM.org.)

The study was conducted in accordance with 
the principles of the Declaration of Helsinki and 
Good Clinical Practice guidelines, and the proto-
col (available at NEJM.org) was approved by hu-
man investigation committees at participating 
sites. Written informed consent was provided by 
all the patients before screening and enrollment.

This study was designed by the sponsor (Agios 
Pharmaceuticals) in collaboration with the inves-
tigators. Data were entered into clinical research 
forms by the investigators and their research 
staff. Data were analyzed by the sponsor and the 
first and last authors. Drafts of the manuscript 
were written by the first author and revised in 
collaboration with all the authors and the spon-
sor, all of whom vouch for the completeness and 
accuracy of the data and analyses and for the ad-
herence of the study to the protocol. Assistance in 
manuscript preparation was provided by a profes-
sional medical writer and paid for by the sponsor. 
Confidentiality agreements exist between the 
sponsor and the study sites.

Patients

Patients 18 years of age or older with an Eastern 
Cooperative Oncology Group performance-status 
score of 0 to 2 (on a scale from 0 to 5, with higher 
scores indicating greater disability) and docu-
mented IDH1-mutated hematologic cancer were 
eligible. IDH1 mutation status was based on pro-
spective local laboratory testing with retrospective 
central confirmation in the dose-escalation phase; 
prospective central testing was required in the 
dose-expansion phase.

Study Assessments

The primary objectives were to assess the safety, 
maximum tolerated dose, and recommended 
phase 2 dose of ivosidenib and to assess clinical 
activity in the cohort of patients with relapsed or 
refractory AML who received ivosidenib at a dose 
of 500 mg once daily in both the dose-escalation 
and dose-expansion phases who were eligible for 
group 1, as determined by investigators, and who 
had a minimum of 6 months of follow-up or dis-
continued earlier. Group 1 comprised patients 
who had a second or later relapse, had a relapse 
after stem-cell transplantation, had disease that 
was refractory to induction or reinduction chemo-
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therapy, or had a relapse less than 12 months after 
initial therapy. Secondary objectives included char-
acterization of the pharmacokinetic and pharma-
codynamic profile of ivosidenib and clinical ac-
tivity in all the patients.

Adverse events that emerged during treatment 
were defined as events that began or worsened 
from the time of the first dose to 28 days after 
the last dose and were graded according to the 
National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.03. Serious 
adverse events were those that resulted in death, 
were life-threatening, led to hospitalization or 
prolongation of hospitalization, caused clinically 
significant incapacity, or were deemed to be an 
important medical event. Concomitant use of 
cytochrome P-450 3A4 (CYP3A4) inhibitors and 
medications known to prolong the QT interval 
was permitted with approval by the medical moni-
tor and careful monitoring of the QT interval. 
Guidelines for managing prolongation of the QT 
interval included adjustment of relevant concomi-
tant medications, electrolyte repletion, and adjust-
ment of the ivosidenib dose.

One effect of the IDH inhibitor is induction 
of differentiation of the malignant cells and, in 
some patients, a clinical syndrome known as the 
IDH differentiation syndrome. Guidelines for the 
diagnosis and management of this complication 
were provided to investigators and are included 
in the Supplementary Appendix; the grade was 
assessed according to general grading in the 
Common Terminology Criteria for Adverse Events, 
version 4.03 (grade 1 indicated mild, 2 moderate, 
3 severe, 4 life-threatening, and 5 fatal).

Clinical efficacy was assessed by the investi-
gators with the use of modified 2003 Interna-
tional Working Group response criteria for AML,15 
including complete remission. In addition, com-
plete remission with partial hematologic recovery 
was determined by the sponsor (see the Supple-
mentary Appendix). Unless otherwise stated, the 
primary efficacy end point was the rate of com-
plete remission as assessed by the investigators 
or complete remission with partial hematologic 
recovery as assessed by the sponsor. Other mea-
sures of clinical activity included, but were not 
limited to, remission duration, overall survival, 
and time to remission.

Details of the pharmacokinetic and pharma-
codynamic assessments are provided in the Sup-
plementary Appendix. Baseline bone marrow sam-

ples in both phases were analyzed for co-mutations 
by means of next-generation sequencing. Samples 
that were obtained during the dose-expansion 
phase were analyzed for the variant allele fre-
quency of IDH1 mutations by means of BEAMing 
(beads, emulsion, amplification, and magnetics) 
digital polymerase-chain-reaction (PCR) technol-
ogy16 (OncoBEAM, Sysmex Inostics), with a sen-
sitivity of 0.02 to 0.04% (10−4) for IDH1 mutations 
(see the Supplementary Appendix for further de-
tails).

Statistical Analysis

The overall population included all the patients 
who received at least one dose of ivosidenib. A 
population of interest included all the patients with 
relapsed or refractory AML whose starting dose 
of ivosidenib was 500 mg daily. The primary ef-
ficacy population included the first 125 patients 
with relapsed or refractory AML receiving 500 mg 
daily who were eligible for group 1 and whose first 
dose of ivosidenib was at least 6 months before the 
analysis-cutoff date of May 12, 2017.

Time-to-event end points were estimated with 
the use of Kaplan–Meier methods. Descriptive 
statistics were used for other clinical, laboratory, 
and pharmacokinetic variables.

For translational end points, the following 
population was analyzed: patients in the dose-
expansion phase with relapsed or refractory AML 
whose starting dose of ivosidenib was 500 mg 
daily and who received the first dose at least  
6 months before the analysis-cutoff date. Clear-
ance of IDH1 mutations was defined as the in-
ability to detect the mutated IDH1 variant at one 
or more time points during the study in bone 
marrow mononuclear cells on PCR assay.

R esult s

Patients

Of 268 patients enrolled, 258 received study medi-
cation from March 12, 2014 (78 in the dose-esca-
lation phase and 180 in the dose-expansion phase), 
and enrollment was completed on May 8, 2017. The 
data-cutoff date for this analysis was May 12, 2017. 
There were 179 patients with relapsed or refrac-
tory AML whose starting dose of ivosidenib was 
500 mg daily. The 125 patients in the primary ef-
ficacy population included 92 patients from ex-
pansion group 1 in the dose-expansion phase and 
33 patients from the dose-escalation phase who 
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were eligible for group 1. Baseline characteris-
tics of the patients are provided in Table 1, and 
in Table S1 in the Supplementary Appendix. The 
follow-up of patients is shown in Figure S2 in 
the Supplementary Appendix.

Pharmacokinetic and Pharmacodynamic 
Findings

Ivosidenib was rapidly absorbed, with a mean half-
life of 72 to 138 hours after a single dose admin-
istered 3 days before the scheduled first dose of the 
escalation phase in a subset of patients, a finding 
that supports a daily dose regimen. A steady state 
was achieved within 14 days of administration. 
Plasma exposure increased less than proportion-
ally to the dose with increasing doses. Maximal 
inhibition of 2-hydroxyglutarate in plasma and 
bone marrow was observed by day 14 in patients 
who received 500 mg daily, with no additional 
inhibition observed at higher doses (800 or 1200 
mg daily). After multiple doses of ivosidenib at 
500 mg daily, the mean plasma 2-hydroxyglutarate 
level decreased to levels seen in healthy persons. 
Further details on pharmacokinetic characteris-
tics and 2-hydroxyglutarate suppression are pro-
vided in the Supplementary Appendix.

Safety

In the dose-escalation phase, two episodes of 
dose-limiting toxic effects occurred: one grade 3 
prolongation of the QT interval on electrocardi-
ography (ECG) in a patient who received an 
ivosidenib dose of 800 mg daily and one grade 3 
rash in a patient who received a dose of 1200 mg 
daily. The maximum tolerated dose was not de-
fined, and the ivosidenib dose of 500 mg daily 
was selected for the dose-expansion phase on 
the basis of available safety, pharmacokinetic, 
and clinical data and data on 2-hydroxyglutarate 
levels.

Of the 179 patients with relapsed or refractory 
AML whose starting dose of ivosidenib was 500 mg 
daily, 177 (98.9%) had an adverse event. The most 
common adverse events (in ≥20% of the patients), 
irrespective of a relationship to ivosidenib, were 
diarrhea (in 55 patients [30.7%]), leukocytosis 
(in 53 [29.6%]), febrile neutropenia (in 51 [28.5%]), 
nausea (in 50 [27.9%]), fatigue (in 46 [25.7%]), 
dyspnea (in 44 [24.6%]), prolongation of the QT 
interval (in 44 [24.6%]), peripheral edema (in 39 
[21.8%]), anemia (in 39 [21.8%]), pyrexia (in 38 
[21.2%]), and cough (in 37 [20.7%]).

Table  2 shows the most common adverse 
events of grade 3 or higher that were judged by 
the investigator to be treatment-related in the 
overall population and in patients with relapsed 
or refractory AML whose starting dose of ivo-
sidenib was 500 mg daily. In the latter group, 
these events included prolongation of the QT 
interval on ECG (in 14 patients [7.8%]), the IDH 
differentiation syndrome (in 7 [3.9%]), and ane-
mia (in 4 [2.2%]). Adverse events occurring in 
the overall population are summarized in Tables 
S2 through S4 in the Supplementary Appendix.

In the overall population, the 30-day all-cause 
mortality was 7.0% and 60-day all-cause mortal-
ity was 14.3%. There were 39 deaths in patients 
who were receiving treatment or within 28 days 
of the last dose (15.1%); most were attributed to 
disease progression and complications of under-
lying disease, including infection, respiratory fail-
ure, and hemorrhage (Table S5 in the Supple-
mentary Appendix). One adverse event leading to 
death (grade 5 cardiac tamponade) was reported 
by the investigator as being possibly related to 
ivosidenib. No treatment-related adverse events 
leading to death were noted in patients with re-
lapsed or refractory AML whose starting dose of 
ivosidenib was 500 mg daily.

Adverse events of special interest were de-
fined as the IDH differentiation syndrome,12,17 
leukocytosis, and prolongation of the QT inter-
val on ECG. Among the 179 patients with re-
lapsed or refractory AML whose starting dose of 
ivosidenib was 500 mg daily, the IDH differen-
tiation syndrome was reported in 19 (10.6%) and 
was of grade 3 or higher in 9 (5.0%). The median 
time of onset of the syndrome was 29 days (range, 
5 to 59). Of these 19 patients, 7 (37%) also had 
leukocytosis (grade 2 or 3). No events of the IDH 
differentiation syndrome were of grade 4 or were 
fatal, and no patients permanently discontinued 
ivosidenib owing to this toxic effect. Treatment 
for the syndrome included glucocorticoids, diuret-
ics, and (if accompanied by leukocytosis) hydroxy-
urea. With these interventions, the syndrome 
resolved in 17 of 19 patients, and the remaining 
2 patients had ongoing IDH differentiation syn-
drome at the data-cutoff date. (See the Supple-
mentary Appendix for further details on the IDH 
differentiation syndrome.)

Leukocytosis of any grade occurred in 65 
patients (36.3%) with relapsed or refractory AML 
whose starting dose of ivosidenib was 500 mg 
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daily, leading to dose interruption in 5 (2.8%), 
with none reporting permanent discontinuation 
or dose reductions. Leukocytosis of grade 3 or 
higher was reported in 15 patients (8.4%) with 
relapsed or refractory AML whose starting dose 
of ivosidenib was 500 mg daily. Most patients 

who had leukocytosis (42 of 65 [65%]) had the 
first onset during the first 30 days of treatment.

Prolongation of the QT interval was reported 
in 44 patients (24.6%) with relapsed or refrac-
tory AML whose starting dose of ivosidenib was 
500 mg daily, with 18 (10.1%) having events of 

Characteristic Ivosidenib, 500 mg Daily
Overall Population 

(N = 258)

Primary Efficacy 
Population 
(N = 125)†

Relapsed or 
 Refractory AML  

(N = 179)‡

Median age (range) — yr 67.0 (18–87) 67.0 (18–87) 68.0 (18–89)

Sex — no. (%)

Female 60 (48) 89 (50) 121 (47)

Male 65 (52) 90 (50) 137 (53)

AML classification — no./total no. (%)§

Primary AML 83/125 (66) 120/179 (67) 148/242 (61)

Secondary AML 42/125 (34) 59/179 (33) 94/242 (39)

History of the myelodysplastic syndrome 18/125 (14) 29/179 (16) 52/242 (21)

History of myeloproliferative neoplasm 7/125 (6) 9/179 (5) 13/242 (5)

Treatment-related AML 14/125 (11) 16/179 (9) 22/242 (9)

Other 3/125 (2) 5/179 (3) 7/242 (3)

Median no. of previous therapies (range) 2.0 (1–6) 2.0 (1–6) 1.0 (0–6)

All previous therapies — no. (%)¶

Intensive chemotherapy 92 (74) 127 (71) —

Nonintensive chemotherapy 82 (66) 115 (64) —

Investigational therapy 37 (30) 55 (31) —

Outcome of previous therapy for AML — no. (%)

Relapse after transplantation 36 (29) 43 (24) —

Second or later relapse 20 (16) 26 (15) —

Disease that was refractory to initial induction 
or reinduction therapy

86 (69) 106 (59) —

Relapse within 1 yr after initial therapy 13 (10) 17 (9) —

Cytogenetic risk status — no. (%)‖

Favorable 0 0 1 (<1)

Intermediate 66 (53) 105 (59) 147 (57)

Poor 38 (30) 50 (28) 80 (31)

Unknown or missing 21 (17) 24 (13) 30 (12)

Co-occurring mutations — no./total no. (%)**

In FLT3 9/119 (8) 11/172 (6) 17/245 (7)

In NPM1 24/119 (20) 44/172 (26) 53/245 (22)

In CEBPA 3/119 (3) 4/172 (2) 5/245 (2)

Table 1. Baseline Characteristics of the Patients with Relapsed or Refractory AML and All Patients in the Dose-Escalation 
and Dose-Expansion Phases.*
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grade 3 or higher, and led to dose interruptions 
in 13 (7.3%) and dose reductions in 2 (1.1%). No 
patients permanently discontinued ivosidenib ow-
ing to prolongation of the QT interval. A total of 
12 patients (6.7%) had a serious adverse event of 
prolongation of the QT interval; none were fatal. 
Concomitant medications with known effects on 
the QT interval were permitted during the study;  
the most common were levofloxacin (used by 
59.2% of the patients), ondansetron (39.7%), vori-
conazole (35.8%), fluconazole (26.3%), ciprofloxa-
cin (24.6%), and posaconazole (21.2%).

Clinical Efficacy
Response
In the primary efficacy population, the rate of 
complete remission or complete remission with 
partial hematologic recovery was 30.4% (95% 
confidence interval [CI], 22.5 to 39.3), the rate of 
complete remission was 21.6% (95% CI, 14.7 to 
29.8), and the overall response rate was 41.6% 
(95% CI, 32.9 to 50.8) (Table  3). The median 
duration of complete remission or complete re-
mission with partial hematologic recovery was 
8.2 months (95% CI, 5.5 to 12.0), the median 

Characteristic Ivosidenib, 500 mg Daily
Overall Population 

(N = 258)

Primary Efficacy 
Population 
(N = 125)†

Relapsed or 
 Refractory AML  

(N = 179)‡

Mutated IDH allele — no./total no. (%)

R132C

Dose-escalation phase 21/33 (64) 22/35 (63) 47/78 (60)

Dose-expansion phase 55/92 (60) 81/144 (56) 109/180 (61)

R132H

Dose-escalation phase 5/33 (15) 5/35 (14) 15/78 (19)

Dose-expansion phase 22/92 (24) 39/144 (27) 44/180 (24)

R132G/L/S

Dose-escalation phase 4/33 (12) 5/35 (14) 12/78 (15)

Dose-expansion phase 15/92 (16) 24/144 (17) 27/180 (15)

Wild-type

Dose-escalation phase 1/33 (3) 1/35 (3) 1/78 (1)

Dose-expansion phase — — —

Other

Dose-escalation phase 2/33 (6) 2/35 (6) 3/78 (4)

Dose-expansion phase 0/92 0/144 0/180

Median percentage of bone marrow blasts 
(range)

55.5 (0–98) 48.0 (0–98) 45.0 (0–98)

*	� AML denotes acute myeloid leukemia.
†	� Data are for patients with relapsed or refractory AML who were eligible for group 1 and whose first dose of ivosidenib 

was at least 6 months before the analysis-cutoff date of May 12, 2017 (including patients from the dose-escalation 
phase). Group 1 comprised patients who had a second or later relapse, had a relapse after stem-cell transplantation, 
had disease that was refractory to induction or reinduction chemotherapy, or had a relapse less than 12 months after 
initial therapy.

‡	� Data are for all patients with relapsed or refractory AML whose starting dose of ivosidenib was 500 mg once daily.
§	� Percentages for the overall-population column were calculated according to the number of patients with relapsed or 

refractory AML.
¶	� Patients could be counted in more than one category.
‖	� Status was assessed by the investigator, according to National Comprehensive Cancer Network Clinical Practice 

Guidelines for AML, version 1.2015.
**	� Percentages were calculated according to the number of patients with a baseline bone marrow sample.

Table 1. (Continued.)
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duration of complete remission was 9.3 months 
(95% CI, 5.6 to 18.3), and the median duration 
of response was 6.5 months (95% CI, 4.6 to 9.3). 
The median time to complete remission or com-
plete remission with partial hematologic recov-
ery was 2.7 months (range, 0.9 to 5.6), the me-
dian time to complete remission was 2.8 months 
(range, 0.9 to 8.3), and the median time to a 
response was 1.9 months (range, 0.8 to 4.7). In 
subgroup analyses, the rate of complete remis-
sion or complete remission with partial hemato-
logic recovery was consistent across baseline de-
mographic and clinical characteristics, with the 
exception of the number of previous regimens 
(see the Supplementary Appendix).

Improvements in hematologic variables and a 
reduction in the percentage of bone marrow blasts 
were observed in the primary efficacy population 
(Fig. 1A and 1B). Acquisition and maintenance of 
transfusion independence were observed across 
response categories. Of the 84 patients in the 
primary efficacy population who were dependent 
on red-cell transfusion, platelet transfusion, or 
both at baseline, 29 (35%) became transfusion-
independent for a period of 56 days or more dur-
ing treatment (Fig. 1C). Among 41 patients who 
were transfusion-independent at baseline, inde-

pendence was maintained for a period of 56 days 
or more during treatment in 23 patients (56%).

Patients in the primary efficacy population 
who had a complete remission or complete re-
mission with partial hematologic recovery also 
had lower rates of exposure-adjusted febrile neu-
tropenia of any grade and infection of grade 3 or 
higher during ivosidenib treatment than patients 
in other response categories (Table S6 in the 
Supplementary Appendix). Clinical responses 
among patients in the primary efficacy popula-
tion who had the IDH differentiation syndrome 
were two complete remissions, three complete 
remissions with incomplete hematologic or plate-
let recovery, one morphologic leukemia-free state, 
and six cases of stable disease. Response rates 
among patients with untreated AML or the my-
elodysplastic syndrome receiving ivosidenib at a 
dose of 500 mg daily are summarized in Table 3, 
and among all patients in the dose-escalation 
phase in Table S7 in the Supplementary Appendix.

Bone Marrow Effects
Ivosidenib induced myeloid differentiation and 
trilineage hematopoietic recovery without an in-
tervening period of bone marrow aplasia (Fig. S3 
in the Supplementary Appendix). These findings 

Event

Relapsed or Refractory AML 
and Starting Dose of 

Ivosidenib of 500 mg Daily 
(N = 179)

Overall Population 
(N = 258)

no. of patients (%)

≥1 Treatment-related adverse event of grade 3 or higher 37 (20.7) 66 (25.6)

Prolongation of the QT interval on ECG 14 (7.8) 18 (7.0)

IDH differentiation syndrome† 7 (3.9) 12 (4.7)

Anemia 4 (2.2) 6 (2.3)

Thrombocytopenia 3 (1.7) 5 (1.9)

Leukocytosis 3 (1.7) 3 (1.2)

Febrile neutropenia 1 (0.6) 3 (1.2)

Diarrhea 1 (0.6) 3 (1.2)

Platelet count decreased 3 (1.7) 3 (1.2)

Hypoxia 2 (1.1) 3 (1.2)

*	�Investigators determined relatedness to treatment. ECG denotes electrocardiography, and IDH isocitrate dehydrogenase.
†	�This adverse event was graded on a scale of 1 to 5 (with higher grades indicating greater severity) by investigators ac-

cording to National Cancer Institute Common Terminology Criteria for Adverse Events general grading guidelines.

Table 2. Treatment-Related Adverse Events of Grade 3 or Higher Occurring in More than 1% of the Overall Population.*
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are consistent with the mechanism of action of 
differentiation.

Survival
With a median follow-up of 14.8 months (range, 
0.2 to 30.3), the median overall survival in the 
primary efficacy population was 8.8 months (95% 

CI, 6.7 to 10.2) (Fig. 2A); the 18-month survival 
rate was 50.1% among patients who had a com-
plete remission or complete remission with par-
tial hematologic recovery (median not reached at 
the data-cutoff date). Estimates of median overall 
survival were 9.3 months among patients who 
had a response other than complete remission or 

Response

Primary Efficacy 
Population 
(N = 125)

Relapsed or 
Refractory AML 

(N = 179)
Untreated AML 

(N = 34)†
MDS 

(N = 12)‡

CR or CRh NA

No. of patients 38 54 12 NA

% (95% CI) 30.4 (22.5–39.3) 30.2 (23.5–37.5) 35.3 (19.7–53.5) NA

Median time to CR or CRh (range) — mo 2.7 (0.9–5.6) 2.0 (0.9–5.6) 2.8 (1.9–2.9) NA

Median duration of CR or CRh (95% CI) — mo 8.2 (5.5–12.0) 6.5 (5.5–11.1) NE (1.0–NE) NA

CR

No. of patients 27 39 7 5

% (95% CI) 21.6 (14.7–29.8) 21.8 (16.0–28.6) 20.6 (8.7–37.9) 41.7 (15.2–72.3)

Median time to CR (range) — mo 2.8 (0.9–8.3) 2.8 (0.9–8.3) 2.8 (1.9–3.7) 1.9 (1.0–5.6)

Median duration of CR (95% CI) — mo 9.3 (5.6–18.3) 9.3 (5.6–12.5) NE (5.6–NE) NE (2.8–NE)

Overall response

No. of patients 52 70 19 11

% (95% CI) 41.6 (32.9–50.8) 39.1 (31.9–46.7) 55.9 (37.9–72.8) 91.7 (61.5–99.8)

Median time to first response (range) — mo§ 1.9 (0.8–4.7) 1.9 (0.8–4.7) 1.9 (0.9–2.9) 1.6 (1.0–2.8)

Median duration of response (95% CI) — mo 6.5 (4.6–9.3) 6.5 (4.6–9.3) 9.2 (1.9–NE) NE (2.3–NE)

Best response — no. (%)

CR 27 (21.6) 39 (21.8) 7 (20.6) 5 (41.7)

CRi or CRp 16 (12.8) 21 (11.7) 7 (20.6) 0

Partial remission 0 0 1 (2.9) 0

MLFS or bone marrow CR¶ 9 (7.2) 10 (5.6) 4 (11.8) 6 (50.0)

Stable disease 44 (35.2) 69 (38.5) 10 (29.4) 0

Progressive disease 13 (10.4) 15 (8.4) 3 (8.8) 1 (8.3)

Could not be evaluated 0 0 0 0

Not assessed 16 (12.8) 25 (14.0) 2 (5.9) 0

*	�Complete remission (CR) was assessed by the investigators. Complete remission with partial hematologic recovery (CRh) was assessed by 
the sponsor. CRi denotes complete remission with incomplete hematologic recovery, CRp complete remission with incomplete platelet re-
covery, MDS the myelodysplastic syndrome, MLFS morphologic leukemia-free state, NA not applicable, and NE could not be estimated.

†	�Data are for patients with untreated AML who were not eligible for standard-of-care treatment in dose-expansion group 2 and in the dose-
escalation phase whose starting dose of ivosidenib was 500 mg once daily.

‡	�Data are for patients with MDS that was recurrent or refractory after the failure of hypomethylating agents in dose-expansion group 3 and  
in the dose-escalation phase whose starting dose of ivosidenib was 500 mg once daily.

§	� Shown is the time from the first dose to the first occurrence of any response (CR, CRi or CRp, partial remission, or MLFS) among patients 
who had a response.

¶	�The category of bone marrow CR was used only for patients with MDS.

Table 3. Investigator-Reported Hematologic Response, Time to Response, and Response Duration in Patients Receiving 500 mg  
of Ivosidenib Daily.*
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complete remission with partial hematologic re-
covery and 3.9 months among patients who did 
not have a response (Fig. 2B).

Translational Findings
The predictive role of baseline co-mutated genes 
was evaluated with regard to response to treat-
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ment. In patients with relapsed or refractory AML, 
a significant association was observed between a 
lower co-mutational burden and complete remis-
sion or complete remission with partial hemato-
logic recovery as compared with other responses 
(P = 0.02) (Table S8 in the Supplementary Appen-
dix). No specific preexisting single gene mutation, 
including in NRAS, emerged as significantly pre-
dictive of clinical response or resistance to ivo-
sidenib; however, mutations in receptor tyrosine 
kinase pathway genes were enriched in patients 
with relapsed or refractory AML who did not have 
a response as compared with those who had a 
complete remission or complete remission with 
partial hematologic recovery (Fig. S4 in the Supple-
mentary Appendix).

In patients with relapsed or refractory AML 
whose best response was complete remission or 
complete remission with partial hematologic re-
covery, the mean levels of IDH1 mutations in bone 
marrow mononuclear cells and neutrophils de-
creased over time. In contrast, the variant allele 
frequency of IDH1 mutations remained stably el-
evated over time in patients who did not have a 
complete remission or complete remission with 
partial hematologic recovery (Fig. S5 in the Sup-
plementary Appendix).

Among patients who had a best response of 
complete remission or complete remission with 
partial hematologic recovery, clearance of IDH1 
mutations in bone marrow mononuclear cells 
was observed in 21% (7 of 34 patients) with re-

lapsed or refractory AML, and clearance of IDH1 
mutations was associated with complete remis-
sion or complete remission with partial hemato-
logic recovery (P = 0.003 for the comparison with 
no response). All 7 patients with relapsed or re-
fractory AML with clearance of IDH1 mutations 
had complete remission (28% of all 25 patients 
with complete remission). In contrast, clearance 
of IDH1 mutations in bone marrow mononuclear 
cells was not observed in any patient with relapsed 
or refractory AML who did not have a complete 
remission.

Preliminary data suggest that patients with 
relapsed or refractory AML with clearance of IDH1 
mutations in bone marrow mononuclear cells 
have longer durations of remission and longer 
overall survival than those without clearance of 
these mutations (Fig. 2C and 2D). The median 
duration of complete remission or complete re-
mission with partial hematologic recovery was 
11.1 months (95% CI, 6.5 to could not be esti-
mated) with mutation clearance (7 patients) versus 
6.5 months (95% CI, 4.6 to 9.3) without muta-
tion clearance (27 patients). The median overall 
survival was 14.5 months (95% CI, 13.9 to could 
not be estimated) with mutation clearance (7 pa-
tients) versus 10.2 months (95% CI, 9.0 to 12.5) 
without mutation clearance (66 patients). Fur-
ther details are provided in the Supplementary 
Appendix.

Discussion

Ivosidenib is a targeted, oral therapy for the treat-
ment of patients with IDH1-mutated cancers. It is 
a potent inhibitor of 2-hydroxyglutarate produc-
tion by the mutant IDH1 enzyme, with clinical 
activity substantially through differentiation and 
maturation of malignant cells, in addition to 
other mechanisms.10,14 Limited data on the effi-
cacy of other therapies specific to IDH1-mutated 
AML show similar or inferior outcomes as com-
pared with AML with wild-type IDH in the context 
of previously untreated and relapsed or refractory 
disease.8,18-20 Currently available nontargeted ther-
apies for an unselected population of patients with 
relapsed or refractory AML were associated with a 
rate of complete remission of 15% or less and a 
median overall survival of less than 4 months, 
with 30-day mortality of approximately 15% and 
60-day mortality of approximately 30%.21 In the 

Figure 1 (facing page). Improvements in Hematologic 
Variables in the Primary Efficacy Population.

Panel A shows the mean platelet count and mean ab-
solute neutrophil count over time. Panel B shows the 
mean hemoglobin level and mean percentage of bone 
marrow blasts over time. In Panels A and B, the values 
are for day 1 of the cycle, and I bars represent the 
standard error. Values reported at cycle 1 reflect data 
on day 1 of cycle 1 for patients in the dose-escalation 
phase for whom data from day 1 of cycle 1 and from  
3 days before the first scheduled dose were available. 
Panel C shows transfusion independence in patients 
who were dependent at baseline. Patients with a re-
sponse other than complete remission (CR) or com-
plete remission with partial hematologic recovery 
(CRh) include patients with CR with incomplete hema-
tologic or platelet recovery and a morphologic leuke-
mia-free state not meeting the criteria for CRh and pa-
tients with partial remission. Patients with no response 
include those with stable disease or progressive disease.
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current study, ivosidenib resulted in encouraging 
rates and durations of complete remission, com-
plete remission or complete remission with par-
tial hematologic recovery, overall response, and 
overall survival. Additional clinical benefits in-
cluded the development of transfusion indepen-
dence and, among patients who had a response, 
a lower incidence of infections and febrile neu-
tropenia than among those who did not have a 
response, findings that indicate that hematopoi-
etic recovery included functional neutrophils.

Overall, continuous daily oral therapy with 
ivosidenib was not associated with dose-limiting 
toxic effects, with the majority of observed ad-
verse events expected for a population of immu-
nosuppressed patients with advanced disease. 
Ivosidenib-specific adverse events of the IDH dif-
ferentiation syndrome, prolongation of the QT 
interval, and leukocytosis were managed with ap-
propriate guidance, and no patients permanently 
discontinued treatment owing to these adverse 
events. The rate of the IDH differentiation syn-
drome in this study was similar to that observed 
with the IDH2 inhibitor enasidenib.12,22 The IDH 
differentiation syndrome was managed by dose 
interruption and treatment with glucocorticoids, 
oral hydroxyurea, or both,12,17 and a portion of the 

patients with the syndrome had clinical respons-
es. Finally, this study permitted the use of 
medications capable of CYP3A4 inhibition and 
prolongation of the QT interval with appropriate 
monitoring. Although prolongation of the QT inter-
val on ECG was observed, no patients discontin-
ued treatment owing to this adverse event after 
electrolyte monitoring and repletion, adjustment 
or discontinuation of concomitant medications, 
or ivosidenib dose interruptions or reductions.

Negative status with respect to molecular mini-
mal residual disease in bone marrow mononuclear 
cells at any time during the study was highly as-
sociated with complete remission in patients with 
relapsed or refractory AML. Although the findings 
are preliminary, an association between deep 
molecular remission and the duration of com-
plete remission and overall survival is suggested. 
In patients with complete remission and persistent 
detectable IDH1 mutations, the clinical signifi-
cance and prognostic effect of ongoing molecular 
detection of IDH1 mutations remain unknown, 
but their presence suggests active and ongoing 
differentiation. Further evaluation of changes in 
the allelic burden of IDH1 mutations over time 
and evaluation of cooperating mutations at initia-
tion and over time with ivosidenib therapy will be 
important avenues of future research.

In conclusion, among patients with high-risk, 
molecularly defined relapsed or refractory AML, 
ivosidenib monotherapy was associated with a low 
rate of grade 3 or higher treatment-related adverse 
events and induced deep and durable remissions 
and led to favorable outcomes as compared with 
historical outcomes in patients with advanced re-
lapsed or refractory AML.
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Figure 2 (facing page). Overall Survival, Response  
of CR or CRh, and Mutation-Clearance Status.

Panel A shows overall survival in the primary efficacy 
population. Panel B shows overall survival according 
to response in the primary efficacy population. Panel 
C shows the duration of CR or CRh in patients with 
and those without clearance of IDH1 mutations. Panel 
D shows the duration of overall survival among pa-
tients with and those without clearance of IDH1 muta-
tions. Data in Panels C and D are for patients in the 
dose-expansion phase with relapsed or refractory AML 
whose starting dose of ivosidenib was 500 mg once 
daily and who received the first dose at least 6 months 
before the analysis-cutoff date. Tick marks indicate 
censored data.
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