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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 monotherapy 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 detectable IDH1 mutations on digital polymerase-chain-reaction assay. No preexisting cooccurring 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 treatment-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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S

omatic mutations within the conserved 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 enzymatic activity, resulting in the reduction of α-keto
glutarate to the oncometabolite R-2-hydroxyglutarate.1,2 2-Hydroxyglutarate competitively inhibits
α-ketoglutarate–dependent enzymes, leading to
epigenetic alterations and impaired hematopoietic
differentiation.2-5 IDH1 mutations occur in approximately 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 detected by a Food and Drug Administration–approved
test.13 Preclinical studies showed that ivosidenib
treatment decreased intracellular levels of 2-hydroxyglutarate 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.

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 protocol (available at NEJM.org) was approved by human 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 investigators. 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 sponsor, all of whom vouch for the completeness and
accuracy of the data and analyses and for the adherence of the study to the protocol. Assistance in
manuscript preparation was provided by a professional 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 documented IDH1-mutated hematologic cancer were
eligible. IDH1 mutation status was based on proMe thods
spective local laboratory testing with retrospective
Study Design and Oversight
central confirmation in the dose-escalation phase;
This was a phase 1, multicenter, open-label, dose- prospective central testing was required in the
escalation and dose-expansion study. Ivosidenib dose-expansion phase.
was administered orally, daily, in 28-day cycles.
The dose-escalation phase used a standard phase 1 Study Assessments
design of three to six patients per cohort. Dose- The primary objectives were to assess the safety,
limiting toxic effects were evaluated during cycle 1 maximum tolerated dose, and recommended
to establish the maximum tolerated dose and phase 2 dose of ivosidenib and to assess clinical
recommended phase 2 dose. Dose-limiting toxic activity in the cohort of patients with relapsed or
effects were defined as nonhematologic toxic refractory AML who received ivosidenib at a dose
effects of grade 3 or higher or prolonged myelo- of 500 mg once daily in both the dose-escalation
suppression with the persistence of grade 4 or and dose-expansion phases who were eligible for
higher neutropenia or thrombocytopenia in the group 1, as determined by investigators, and who
absence of leukemia (blast count, <5%) at least had a minimum of 6 months of follow-up or dis42 days after treatment initiation. The dose-expan- continued earlier. Group 1 comprised patients
sion phase included four groups that differed in who had a second or later relapse, had a relapse
patient eligibility criteria. (For details on the study after stem-cell transplantation, had disease that
design, see Fig. S1 in the Supplementary Appen- 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 characterization of the pharmacokinetic and pharmacodynamic profile of ivosidenib and clinical activity 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 monitor and careful monitoring of the QT interval.
Guidelines for managing prolongation of the QT
interval included adjustment of relevant concomitant medications, electrolyte repletion, and adjustment 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 investigators with the use of modified 2003 International Working Group response criteria for AML,15
including complete remission. In addition, complete remission with partial hematologic recovery
was determined by the sponsor (see the Supplementary Appendix). Unless otherwise stated, the
primary efficacy end point was the rate of complete remission as assessed by the investigators
or complete remission with partial hematologic
recovery as assessed by the sponsor. Other measures of clinical activity included, but were not
limited to, remission duration, overall survival,
and time to remission.
Details of the pharmacokinetic and pharmacodynamic assessments are provided in the Supplementary Appendix. Baseline bone marrow sam2388
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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 frequency of IDH1 mutations by means of BEAMing
(beads, emulsion, amplification, and magnetics)
digital polymerase-chain-reaction (PCR) technology16 (OncoBEAM, Sysmex Inostics), with a sensitivity of 0.02 to 0.04% (10−4) for IDH1 mutations
(see the Supplementary Appendix for further details).
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 efficacy 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 doseexpansion 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. Clearance of IDH1 mutations was defined as the inability to detect the mutated IDH1 variant at one
or more time points during the study in bone
marrow mononuclear cells on PCR assay.

R e sult s
Patients

Of 268 patients enrolled, 258 received study medication from March 12, 2014 (78 in the dose-escalation 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 refractory AML whose starting dose of ivosidenib was
500 mg daily. The 125 patients in the primary efficacy population included 92 patients from expansion 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 characteristics 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 halflife of 72 to 138 hours after a single dose administered 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 proportionally 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 characteristics and 2-hydroxyglutarate suppression are provided 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 electrocardiography (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 defined, 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%]).
n engl j med 378;25

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 ivosidenib 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 anemia (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 mortality 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 underlying disease, including infection, respiratory failure, and hemorrhage (Table S5 in the Supplementary 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 relapsed or refractory AML whose starting dose of
ivosidenib was 500 mg daily.
Adverse events of special interest were defined as the IDH differentiation syndrome,12,17
leukocytosis, and prolongation of the QT interval on ECG. Among the 179 patients with relapsed or refractory AML whose starting dose of
ivosidenib was 500 mg daily, the IDH differentiation 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, diuretics, and (if accompanied by leukocytosis) hydroxyurea. With these interventions, the syndrome
resolved in 17 of 19 patients, and the remaining
2 patients had ongoing IDH differentiation syndrome at the data-cutoff date. (See the Supplementary 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
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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 refractory AML whose starting dose of ivosidenib was
500 mg daily, with 18 (10.1%) having events of

Table 1. Baseline Characteristics of the Patients with Relapsed or Refractory AML and All Patients in the Dose-Escalation
and Dose-Expansion Phases.*
Characteristic

Ivosidenib, 500 mg Daily

Overall Population
(N = 258)

Primary Efficacy
Population
(N = 125)†

Relapsed or
Refractory AML
(N = 179)‡

67.0 (18–87)

67.0 (18–87)

68.0 (18–89)

Female

60 (48)

89 (50)

121 (47)

Male

65 (52)

90 (50)

137 (53)

Primary AML

83/125 (66)

120/179 (67)

148/242 (61)

Secondary AML

42/125 (34)

59/179 (33)

94/242 (39)

18/125 (14)

29/179 (16)

52/242 (21)

7/125 (6)

9/179 (5)

13/242 (5)

14/125 (11)

16/179 (9)

22/242 (9)

Median age (range) — yr
Sex — no. (%)

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

History of the myelodysplastic syndrome
History of myeloproliferative neoplasm
Treatment-related AML
Other

3/125 (2)

5/179 (3)

7/242 (3)

2.0 (1–6)

2.0 (1–6)

1.0 (0–6)

Intensive chemotherapy

92 (74)

127 (71)

—

Nonintensive chemotherapy

82 (66)

115 (64)

—

Investigational therapy

37 (30)

55 (31)

—

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)

—

Median no. of previous therapies (range)
All previous therapies — no. (%)¶

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

Cytogenetic risk status — no. (%)‖
0

0

Intermediate

Favorable

66 (53)

105 (59)

147 (57)

1 (<1)

Poor

38 (30)

50 (28)

80 (31)

Unknown or missing

21 (17)

24 (13)

30 (12)

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

In FLT3
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Table 1. (Continued.)
Characteristic

Ivosidenib, 500 mg Daily
Primary Efficacy
Population
(N = 125)†

Overall Population
(N = 258)

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)

Dose-escalation phase

4/33 (12)

5/35 (14)

12/78 (15)

Dose-expansion phase

15/92 (16)

24/144 (17)

27/180 (15)

Dose-escalation phase

1/33 (3)

1/35 (3)

1/78 (1)

Dose-expansion phase

—

—

—

R132G/L/S

Wild-type

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.

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 owing 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%), voriconazole (35.8%), fluconazole (26.3%), ciprofloxacin (24.6%), and posaconazole (21.2%).

n engl j med 378;25

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 remission with partial hematologic recovery was
8.2 months (95% CI, 5.5 to 12.0), the median
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Table 2. Treatment-Related Adverse Events of Grade 3 or Higher Occurring in More than 1% of the Overall Population.*
Relapsed or Refractory AML
and Starting Dose of
Ivosidenib of 500 mg Daily
(N = 179)

Event

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

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 complete remission with partial hematologic recovery was 2.7 months (range, 0.9 to 5.6), the median 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 remission or complete remission with partial hematologic recovery was consistent across baseline demographic 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 transfusionindependent for a period of 56 days or more during treatment (Fig. 1C). Among 41 patients who
were transfusion-independent at baseline, inde-
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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 remission with partial hematologic recovery also
had lower rates of exposure-adjusted febrile neutropenia 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 population who had the IDH differentiation syndrome
were two complete remissions, three complete
remissions with incomplete hematologic or platelet recovery, one morphologic leukemia-free state,
and six cases of stable disease. Response rates
among patients with untreated AML or the myelodysplastic 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 intervening period of bone marrow aplasia (Fig. S3
in the Supplementary Appendix). These findings
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Table 3. Investigator-Reported Hematologic Response, Time to Response, and Response Duration in Patients Receiving 500 mg
of Ivosidenib Daily.*
Primary Efficacy
Population
(N = 125)

Relapsed or
Refractory AML
(N = 179)

Untreated AML
(N = 34)†

MDS
(N = 12)‡

38

54

12

NA

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

27

39

7

5

Response
CR or CRh

NA

No. of patients
% (95% CI)

CR
No. of patients
% (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)

52

70

19

11

Overall response
No. of patients
% (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)

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

0

0

1 (2.9)

0

Best response — no. (%)

Partial remission

9 (7.2)

10 (5.6)

4 (11.8)

6 (50.0)

Stable disease

MLFS or bone marrow CR¶

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
Not assessed

0

0

0

0

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 recovery, 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 doseescalation 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.

are consistent with the mechanism of action of CI, 6.7 to 10.2) (Fig. 2A); the 18-month survival
differentiation.
rate was 50.1% among patients who had a complete remission or complete remission with parSurvival
tial hematologic recovery (median not reached at
With a median follow-up of 14.8 months (range, the data-cutoff date). Estimates of median overall
0.2 to 30.3), the median overall survival in the survival were 9.3 months among patients who
primary efficacy population was 8.8 months (95% had a response other than complete remission or
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complete remission with partial hematologic re- Translational Findings
covery and 3.9 months among patients who did The predictive role of baseline co-mutated genes
not have a response (Fig. 2B).
was evaluated with regard to response to treat-

2394

n engl j med 378;25

nejm.org

June 21, 2018

The New England Journal of Medicine
Downloaded from nejm.org by THEODORE BRUNO on July 27, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

Ivosidenib in IDH1-Mutated Relapsed or Refr actory AML

Figure 1 (facing page). Improvements in Hematologic
Variables in the Primary Efficacy Population.
Panel A shows the mean platelet count and mean absolute 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 response other than complete remission (CR) or complete remission with partial hematologic recovery
(CRh) include patients with CR with incomplete hematologic or platelet recovery and a morphologic leukemia-free state not meeting the criteria for CRh and patients with partial remission. Patients with no response
include those with stable disease or progressive disease.

ment. In patients with relapsed or refractory AML,
a significant association was observed between a
lower co-mutational burden and complete remission or complete remission with partial hematologic recovery as compared with other responses
(P = 0.02) (Table S8 in the Supplementary Appendix). No specific preexisting single gene mutation,
including in NRAS, emerged as significantly predictive of clinical response or resistance to ivosidenib; 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 Supplementary Appendix).
In patients with relapsed or refractory AML
whose best response was complete remission or
complete remission with partial hematologic recovery, the mean levels of IDH1 mutations in bone
marrow mononuclear cells and neutrophils decreased over time. In contrast, the variant allele
frequency of IDH1 mutations remained stably elevated over time in patients who did not have a
complete remission or complete remission with
partial hematologic recovery (Fig. S5 in the Supplementary 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-

n engl j med 378;25

lapsed or refractory AML, and clearance of IDH1
mutations was associated with complete remission or complete remission with partial hematologic recovery (P = 0.003 for the comparison with
no response). All 7 patients with relapsed or refractory 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 remission with partial hematologic recovery was
11.1 months (95% CI, 6.5 to could not be estimated) with mutation clearance (7 patients) versus
6.5 months (95% CI, 4.6 to 9.3) without mutation clearance (27 patients). The median overall
survival was 14.5 months (95% CI, 13.9 to could
not be estimated) with mutation clearance (7 patients) versus 10.2 months (95% CI, 9.0 to 12.5)
without mutation clearance (66 patients). Further details are provided in the Supplementary
Appendix.

Discussion
Ivosidenib is a targeted, oral therapy for the treatment of patients with IDH1-mutated cancers. It is
a potent inhibitor of 2-hydroxyglutarate production 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 efficacy of other therapies specific to IDH1-mutated
AML show similar or inferior outcomes as compared with AML with wild-type IDH in the context
of previously untreated and relapsed or refractory
disease.8,18-20 Currently available nontargeted therapies 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

nejm.org

June 21, 2018

The New England Journal of Medicine
Downloaded from nejm.org by THEODORE BRUNO on July 27, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

2395

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

A Overall Survival
1.0
0.9

Probability of Survival

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

6

4

3

1

1

1

1

0

Months
No. at Risk

125

102

81

72

59

38

28

19

11

B Overall Survival According to Response
1.0
0.9

Probability of Survival

0.8
0.7
0.6

CR or CRh

0.5
0.4
No response

0.3

Response other than CR or CRh

0.2
0.1
0.0

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

5
0
1

4

3

1

1

1

1

0

Months
No. at Risk
CR or CRh
Response other than CR or CRh
No response

38
14
73

38
13
51

38
11
32

37
11
24

32
8
19

25
5
8

1.0

13
2
4

1.0

0.6
Without
mutation clearance

0.4
0.2
0.0

0

2

4

6

8

10

0

D Overall Survival According to Mutation-Clearance Status

With mutation
clearance

0.8

8
1
2

Probability of Survival

Probability of Event-free Survival

C Duration of CR or CRh According to Mutation-Clearance Status

19
2
7

12

14

0.8
0.6
Without
mutation clearance

0.4
0.2
0.0

16

With mutation
clearance

0

2

4

6

8

Months
No. at Risk

12

14

16

18

20

2

0

No. at Risk

7
With mutation
clearance
Without mutation 27
clearance

2396

10

Months

7

7

5

4

3

0

21

19

11

8

4

1

1

0

With mutation
clearance
Without mutation
clearance

n engl j med 378;25

nejm.org

7

7

7

7

6

5

4

2

0

66

65

54

48

38

24

15

10

5

June 21, 2018

The New England Journal of Medicine
Downloaded from nejm.org by THEODORE BRUNO on July 27, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

Ivosidenib in IDH1-Mutated Relapsed or Refr actory AML

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 patients with and those without clearance of IDH1 mutations. 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.

current study, ivosidenib resulted in encouraging
rates and durations of complete remission, complete remission or complete remission with partial hematologic recovery, overall response, and
overall survival. Additional clinical benefits included the development of transfusion independence and, among patients who had a response,
a lower incidence of infections and febrile neutropenia than among those who did not have a
response, findings that indicate that hematopoietic recovery included functional neutrophils.
Overall, continuous daily oral therapy with
ivosidenib was not associated with dose-limiting
toxic effects, with the majority of observed adverse events expected for a population of immunosuppressed patients with advanced disease.
Ivosidenib-specific adverse events of the IDH differentiation syndrome, prolongation of the QT
interval, and leukocytosis were managed with appropriate guidance, and no patients permanently
discontinued treatment owing to these adverse
events. The rate of the IDH differentiation syndrome 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 responses. 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 interval on ECG was observed, no patients discontinued 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 minimal residual disease in bone marrow mononuclear
cells at any time during the study was highly associated 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 complete remission and overall survival is suggested.
In patients with complete remission and persistent
detectable IDH1 mutations, the clinical significance 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 initiation 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 relapsed or refractory AML.
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