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Bob Löwenberg,14 Gert J. Ossenkoppele,15 Prapti A. Patel,16 Mikhail Roshal,17 Mark G. Frattini,18 Frederik Lersch,19 Aleksandra Franovic,20

Salah Nabhan,21 Bin Fan,21 Sung Choe,21 HongfangWang,21 Bin Wu,21 Lei Hua,21 Caroline Almon,21 Michael Cooper,21 HagopM. Kantarjian,2,†

and Martin S. Tallman1,†

1Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY; 2Department of Leukemia, University of Texas MD Anderson Cancer Center,
Houston, TX; 3Dana-Faber/Harvard Cancer Center, Massachusetts General Hospital, Boston, MA; 4Ohio State University Wexner Medical Center, Columbus, OH;
5Sidney Kimmel Comprehensive Cancer Center, Johns Hopkins University, Baltimore, MD; 6Vanderbilt-Ingram Center, Vanderbilt University School of Medicine,
Nashville, TN; 7Department of Hematology & Hematopoietic Cell Transplantation, City of Hope Medical Center, Duarte, CA; 8Department of Medical Oncology,
Dana-Farber Cancer Institute, Boston, MA; 9Department of Medicine, University of California Los Angeles Medical Center, Los Angeles, CA; 10Department of
Internal Medicine III, University Hospital Ulm, Ulm, Germany; 11Department of Medicine, University of Colorado School of Medicine, Aurora, CO; 12John Theurer
Cancer Center, Hackensack University Medical Center, Hackensack, NJ; 13University of Chicago Medicine Comprehensive Cancer Center, Chicago, IL;
14Department of Hematology, Erasmus University Medical Centre, Rotterdam, The Netherlands; 15Department of Hematology, VUmc Cancer Center, Amsterdam,
The Netherlands; 16Department of Internal Medicine, University of Texas Southwestern Medical Center, Dallas, TX; 17Department of Pathology, Memorial Sloan
Kettering Cancer Center, New York, NY; 18Bristol-Myers Squibb, Summit, NJ; 19Celgene International, Boudry, Switzerland; 20Bristol-Myers Squibb, San Francisco,
CA; and 21Agios Pharmaceuticals, Inc., Cambridge, MA

KEY PO INT S

l Ivosidenib or
enasidenib combined
with induction and
consolidation
chemotherapy were
both well tolerated in
newly diagnosed
mIDH1/2 AML.

l CR/CRi/CRp rates:
77% (ivosidenib) and
74% (enasidenib); 39%
and 23% of patients
had mIDH1/2
clearance by digital
polymerase chain
reaction.

Ivosidenib (AG-120) and enasidenib (AG-221) are targeted oral inhibitors of the mutant
isocitrate dehydrogenase (mIDH) 1 and 2 enzymes, respectively. Given their effectiveness
as single agents in mIDH1/2 relapsed or refractory acute myeloid leukemia (AML), this
phase 1 study evaluated the safety and efficacy of ivosidenib or enasidenib combined with
intensive chemotherapy in patients with newly diagnosed mIDH1/2 AML. Ivosidenib
500 mg once daily and enasidenib 100 mg once daily were well tolerated in this setting,
with safety profiles generally consistent with those of induction and consolidation che-
motherapy alone. The frequency of IDH differentiation syndrome was low, as expected
given the concurrent administration of cytotoxic chemotherapy. In patients receiving
ivosidenib, the frequency and grades of QT interval prolongation were similar to those
observed with ivosidenib monotherapy. Increases in total bilirubin were more frequently
observed in patients treated with enasidenib, consistent with this inhibitor’s known po-
tential to inhibit UGT1A1, but did not appear to have significant clinical consequences. In
patients receiving ivosidenib (n 5 60) or enasidenib (n 5 91), end-of-induction complete
remission (CR) rates were 55% and 47%, respectively, and CR/CR with incomplete neu-
trophil or platelet recovery (CR/CRi/CRp) rates were 72% and 63%, respectively. In pa-

tients with a best overall response of CR/CRi/CRp, 16/41 (39%) receiving ivosidenib had IDH1 mutation clearance
and 15/64 (23%) receiving enasidenib had IDH2 mutation clearance by digital polymerase chain reaction; furthermore,
16/20 (80%) and 10/16 (63%), respectively, became negative for measurable residual disease by multiparameter
flow cytometry. This trial was registered at www.clinicaltrials.gov as #NCT02632708. (Blood. 2021;137(13):1792-1803)

Introduction
Intensive induction chemotherapy with cytarabine and an anthracy-
cline (“7 1 3”) remains the most effective treatment for adults with
newly diagnosed acutemyeloid leukemia (AML)who canwithstand its
toxicities. Recent modifications to this backbone have improved
event-free survival andoverall survival in defined subsets of patients.1-3

Mutations in the isocitrate dehydrogenase (IDH) 1 or 2 genes are
seen in;20% of patients with AML.4-7 Mutant IDH (mIDH) proteins
catalyze the production of D-2-hydroxyglutarate (2-HG),4,8 resulting
in DNA and histone hypermethylation, with consequent changes in
gene expression and impaired cellular differentiation.9-11 Ivosidenib
and enasidenib are targeted, oral, small-molecule inhibitors of the
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mIDH1 and mIDH2 enzymes, respectively, approved by the US
Food and Drug Administration as monotherapies for adults with
relapsed or refractory (R/R) AML and a susceptible IDH1 or IDH2
mutation.12,13 In a phase 1 study, ivosidenib 500 mg once daily
resulted in an overall response rate of 41.6% and a median re-
sponse duration of 6.5 months in patients with mIDH1 R/R AML.14

Similarly, the overall response rate in patients with mIDH2 R/R AML
receiving enasidenib 100 mg once daily was 40.3%, with a median
response duration of 5.8 months.15 We hypothesized that com-
bining ivosidenib or enasidenib with intensive induction and con-
solidation chemotherapywould improve outcomes for patientswith
newly diagnosed mIDH1/2 AML.

Methods
Study design
This phase 1, multicenter, open-label study enrolled patients
with mIDH1 or mIDH2 newly diagnosed AML. Induction therapy
consisted of continuous ivosidenib 500 mg once daily (mIDH1)
or enasidenib 100 mg once daily (mIDH2) in combination with
cytarabine (200 mg/m2 per day for 7 days) and either dauno-
rubicin (60 mg/m2 per day for 3 days) or idarubicin (12 mg/m2

per day for 3 days). A second cycle of induction was permitted
according to institutional practice.

Six patients were initially enrolled to each of the 4 induction
treatment arms. If #2 of the 6 patients initially enrolled in a
treatment arm experienced a dose-limiting toxicity (DLT) at the
standard dose of either mIDH inhibitor, then an additional
6 patients were to be evaluated at that dose. If #3 of the ex-
panded cohort of 12 patients experienced a DLT, then that dose
was to be declared suitable for further evaluation. However, if
$3 of the initial 6 patients or $4 of the first 12 patients expe-
rienced a DLT, a lower dose was to be administered. After the
safety of the combination regimens had been determined for
each of the 4 induction therapy cohorts, ;30 patients in total
were to be enrolled into each cohort to better characterize the
safety profile of these regimens. This larger number of patients in
each induction cohort also ensured that an adequate number
would proceed to the consolidation phase of treatment, so that
the safety profile of the mIDH inhibitors in combination with
consolidation therapy could be evaluated. Owing to an early
concern regarding delayed recovery of blood counts in patients
receiving enasidenib with induction chemotherapy, 2 additional
cohorts (for the daunorubicin- and idarubicin-based regimens)
were treated with enasidenib 100 mg once daily beginning
on day 8 (instead of day 1) of the first cycle of induction therapy.

Patients achieving at least a partial remission at the end of in-
duction could receive consolidation therapy (up to 4 cycles
of intermediate- or high-dose cytarabine, or 1 cycle of
mitoxantrone/etoposide), while continuing to receive ivosidenib
or enasidenib continuously once daily. The safety of each
consolidation therapy regimen was evaluated after the first
6 evaluable patients had completed $28 days of consolidation
treatment or discontinued owing to toxicity.

Patients remaining in remission at the end of consolidation could
receive maintenance treatment with ivosidenib or enasidenib
monotherapy daily until relapse, development of an un-
acceptable toxicity, or allogeneic hematopoietic stem cell

transplantation (HSCT). Patients appropriate for HSCT could
proceed to HSCT at any point; resumption of mIDH inhibitor
therapy was not allowed after HSCT. See supplemental Ap-
pendix on the Blood Web site for further details on treatment.

The study was conducted in accordance with the principles of
the Declaration of Helsinki and International Conference on
Harmonization Guidelines for Good Clinical Practice, and the
protocol was approved by human investigation committees at
participating sites. Written informed consent was provided by all
patients before screening and enrollment.

The study sponsor analyzed the data and conducted the sta-
tistical analyses. All authors had access to the primary clinical trial
data on request.

Patients
Patients $18 years of age with newly diagnosed AML (de novo
or secondary) were eligible if they had an Eastern Cooperative
Oncology Group performance status score of 0 to 2 and a
documented IDH1 and/or IDH2 mutation by local laboratory
testing. Secondary AML was defined as AML arising after
myelodysplastic syndrome or another hematologic disorder, or
AML arising after exposure to genotoxic injury (ie, radiation and/
or chemotherapy). Patients were ineligible if they had received
any prior chemotherapy for AML except hydroxyurea, but pre-
vious treatment of myelodysplastic syndrome or another ante-
cedent hematologic disorder, including hypomethylating agents,
was permitted if the last dose was $14 days before study
treatment initiation.

Assessments
The primary objective was to assess the safety and tolerability of
the combination regimens. Treatment-emergent adverse events
were graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, version 4.03.
Analyses of time to hematologic recovery were conducted for
the induction phase (supplemental Appendix).

Secondary objectives included investigator assessment of clin-
ical responses using the modified 2003 International Working
Group response criteria for AML, and overall survival (further
details in supplemental Appendix).

Pharmacokinetics and pharmacodynamics
Analyses were conducted as reported in the supplemental
Appendix.

Translational analyses
Retrospective confirmation of IDH mutation and analysis of co-
occurring mutations at baseline were performed by next-
generation sequencing (NGS) using the 95-gene Rapid Heme
Panel (detection sensitivity, 5%).16 Samples from baseline and
specified on-study time points were analyzed for mutation
evolution using the Personalis ACE Cancer Panel (Menlo Park,
CA)17 for ivosidenib-treated patients, and the Archer VariantPlex
Core Myeloid Panel (Boulder, CO) for enasidenib-treated pa-
tients; analyses were limited to the 33 genes represented on
both platforms (supplemental Table 1), and a 2% limit of de-
tection for variant allele frequency (VAF) was applied to both
datasets. Heatmaps were produced in R, version 3.6.0. Longi-
tudinal mIDH1/2 VAF was assessed using the OncoBEAM
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BEAMing digital polymerase chain reaction (dPCR) assay (lower
limit of detection, 0.02% to 0.04%; Sysmex Inostics Inc., Hamburg,
Germany).18 Mutation clearance was defined as a reduction in
mIDH1/2 VAF that was below the limit of detection for $1 on-
treatment time point on or after day 21 of induction therapy in
patients who had detectable mIDH1/2 at baseline. Measurable
residual disease (MRD) was assessed centrally by multiparameter
flow cytometry for a subset of patients. Further detail on all ex-
ploratory assessments is provided in the supplemental Appendix.

Statistical analysis
The data cutoff date was 13 December 2018. The safety sets
included all patients who received at least 1 dose of ivosidenib,
enasidenib, or chemotherapy during the relevant study period
(ie, induction, consolidation, and maintenance). All efficacy
analyses were performed using the full analysis set (FAS),
comprising all enrolled patients who received at least 1 dose of
ivosidenib or enasidenib. Only response assessments occurring
on or after day 21 were used to determine the best response.

The proportion of patients in each best overall response cate-
gory was evaluated using the Clopper-Pearson method for the
overall treatment period (induction, consolidation, and main-
tenance; excludes post-HSCT response) and for the de novo
AML and secondary AML subgroups. Median overall survival and
12-month overall survival rates were estimated using the Kaplan-
Meier method, along with associated 95% confidence intervals
based on log-log transformation. See supplemental Appendix
for additional statistical methods.

Results
Patient characteristics and disposition
Sixty patients were dosed in the ivosidenib plus induction
chemotherapy cohorts and 93 in the enasidenib plus induction
chemotherapy cohorts from January 2016 to July 2018. Baseline
characteristics are provided in Table 1 and patient disposition in
Figure 1.

In the ivosidenib cohorts, the median age was 62.5 years and
70% of patients had de novo AML. Of the 60 patients in the
ivosidenib induction cohorts, 9 (15%) received 2 induction cy-
cles, 35 (58%) went on to receive consolidation, and 19 (32%)
received ivosidenib maintenance therapy. At the data cutoff
date, 47 (78%) ivosidenib-treated patients had discontinued
study treatment, most commonly for HSCT (28 patients),
whereas 13 patients were continuing to receive ivosidenib as
maintenance therapy.

In the enasidenib cohorts, the median age was 63.0 years and
62% of patients had de novo AML. Of the 93 patients in the
enasidenib induction cohorts, 2 who were assigned to receive
enasidenib starting on day 8 had an ongoing adverse event or
died on day 8 and, as a result, never received a dose of ena-
sidenib. These 2 patients are included in the induction safety
analysis set but not in the FAS used for efficacy analyses. Twenty-
two patients (24%) received 2 induction cycles, 46 patients (49%)
received consolidation, and 24 (26%) received enasidenib
maintenance therapy. At the data cutoff date, 81 enasidenib-
treated patients (87%) had discontinued study treatment, most
commonly for HSCT (43 patients), whereas 12 patients contin-
ued to receive enasidenib as maintenance therapy.

Safety
During the initial safety evaluation of the combination therapies,
the sole DLT occurred during induction in a 64-year-oldmanwith
de novo AML in the enasidenib plus daunorubicin/cytarabine
cohort. He experienced persistent grade 4 thrombocytopenia in
the absence of residual leukemia on day 42 of induction cycle 1.
No patients in the ivosidenib cohorts experienced a DLT. Ivo-
sidenib and enasidenib were well tolerated at their starting
doses of 500 and 100 mg each day; therefore, these doses were
chosen for evaluation in additional patients.

The toxicities observed during induction and consolidation
therapy with the combinations were similar to the toxicities seen
with “71 3” and cytarabine alone (Table 2; supplemental Tables
2 and 3). Only 2 patients in the enasidenib cohorts and none in
the ivosidenib cohorts received mitoxantrone/etoposide as
consolidation therapy; hence, the safety of this combination
consolidation regimen could not be formally evaluated.

Table 1. Baseline characteristics

Characteristic

Ivosidenib
500 mg 1

chemotherapy,
n 5 60

Enasidenib
100 mg 1

chemotherapy,
n 5 93

Age, median
(range), y

62.5 (24-76) 63.0 (27-77)

Age category,
n (%), y
,60 21 (35) 34 (37)
$60 39 (65) 59 (63)

Men, n (%) 30 (50) 52 (56)

Type of AML, n (%)
De novo 42 (70) 58 (62)
Secondary 18 (30) 35 (38)

Prior
hypomethylating
agent, n (%)*

4 (22) 17 (49)

IDH1 mutation type,
n (%)†
R132 58 (97) 2 (2)
Other or unknown 2 (3) 1 (1)

IDH2 mutation type,
n (%)†
R140 1 (2) 66 (71)
R172 1 (2) 25 (27)
Other or unknown 0 2 (2)

Cytogenetic risk
status by
investigator, n (%)
Favorable 0 2 (2)
Intermediate 42 (70) 64 (69)
Poor 13 (22) 20 (22)
Unknown 5 (8) 7 (8)

*For patients with secondary AML only.

†Patients with dual IDH1 and IDH2mutations were assigned to ivosidenib or enasidenib on
the basis of the IDH mutation with the higher allele burden.
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The 30- and 60-day mortality rates were 5% and 10%, re-
spectively, in the ivosidenib cohorts, and 5% and 9%, re-
spectively, in the enasidenib cohorts. There were 13 on-study
deaths (including the survival follow-up period) in the ivosidenib-
treated cohorts, of which 7 (54%) occurred during treatment
(occurring within 28 days of the last dose). Of 31 on-study deaths
(including survival follow-up) in the enasidenib-treated cohort,
13 (42%) occurredduring treatment.Noneof thedeathswere related
to ivosidenib or enasidenib; the majority were attributed to disease
progression or complications of the underlying disease, such as re-
spiratory failure, lung infection, intracranial hemorrhage, or sepsis.

The use of ivosidenib and enasidenib in combination with in-
duction chemotherapy did not affect the time to recovery of the
absolute neutrophil count (ANC) or platelet count. In the ivosi-
denib cohorts, the median times to recovery of the ANC (.500/
mL) and platelet count (.50000/mL) during induction were both
28 days (supplemental Table 4). Early in the study there was
concern regarding delayed recovery of platelets and neutrophils
in patients who received enasidenib with induction chemother-
apy. Therefore, a cohort of 25 patients received an alternative
dosing schedule in which enasidenib dosing started on day 8,
after completion of the administration of “71 3,” instead of at the
beginning. Although a comparison of the time to blood count
recovery between the cohorts starting enasidenib on day 1
vs day 8 was limited by the small number of patients who
started enasidenib on day 8, the time to count recovery was
generally similar between the 2 groups (supplemental Table 5).
Overall, when combining the enasidenib day 1 and day 8

cohorts, the median times to ANC and platelet count recovery
during the induction phase were 34 and 29 days, respectively
(supplemental Table 4).

IDH differentiation syndrome (IDH-DS) was reported in 2 pa-
tients (3.3%) receiving ivosidenib and 2 patients (2.2%) receiving
enasidenib. All 4 cases occurred during induction, starting
between days 29 and 48. Three of the 4 cases were grade$3 in
severity. Ultimately, IDH-DS was reported as resolved in 3 of the
4 patients and all 3 went on to achieve a complete remission (CR)
or CRwith incomplete platelet recovery (CRp). The fourth patient
died of a lung infection and IDH-DS was reported as ongoing at
the time of death.

In the ivosidenib cohorts, QT interval prolongation was observed
in 16 patients (26.7%) during induction and was grade$3 in 6 of
these patients (10%). During the consolidation phase, QT pro-
longation was observed in 3 patients (8.6%) in the ivosidenib
cohorts and was grade $3 in 1 patient (2.9%). In the enasidenib
cohorts, QT prolongation during induction was reported in 11
patients (11.8%) and was grade$3 in 7 patients (7.5%), whereas
during the consolidation period, QT prolongation was
reported in 7 patients (15.2%) and was grade $3 in 3
patients (6.5%).

In patients treated with enasidenib, increased blood bilirubin
was reported during induction in 46 patients (49.5%) and was
grade $3 in 15 patients (16%). During consolidation, increased
blood bilirubin was reported in 13 patients (28.3%) and was

INDUCTION

CONSOLIDATION

MAINTENANCE

(n = 7) (n = 17)(n = 1)(n = 18)
Discontinued during maintenance

(n = 6)
- HSCT (n = 1)
- Protocol deviation (n = 1)
- Progressive disease (n = 1)
- Patient decision (n = 2)
- Other (n = 1)

Discontinued during consolidation
(n = 17)

- HSCT (n = 14)
- Adverse event (n = 2)
- Progressive disease (n = 1)

Discontinued during induction
(n = 24)

- HSCT (n = 13)
- Adverse event (n = 6)
- Progressive disease (n = 3)
- Patient decision (n = 1)
- Death (n = 1)

Ivosidenib 500 mg +
ARA-C (200 mg/m2/d × 7d) +

DNR (60 mg/m2/d) or IDR (12 mg/m2/d)
(n = 60)

Ivosidenib 500 mg +
ARA-C (up to 4 cycles)

(n = 35)

Ivosidenib 500 mg daily
(n = 19)

- HSCT (n = 18)
- Adverse event (n = 10)
- Progressive disease (n = 6)
- Patient decision (n = 2)
- Physician decision (n = 1)
- Other (n = 3)

Discontinued during induction 
(n = 40)

Discontinued during consolidation 
(n = 29)

- HSCT (n = 19)
- Adverse event (n = 5)
- Progressive disease (n = 2)
- Lost to follow-up (n = 1)
- Other (n = 2)

Discontinued during maintenance 
(n = 12)

- HSCT (n = 6)
- Adverse event (n = 1)
- Progressive disease (n = 3)
- Physician decision (n = 2)

Enasidenib 100 mg +
ARA-C (200 mg/m2/d × 7d) +

DNR (60 mg/m2/d) or IDR (12 mg/m2/d)
(n = 93)

Enasidenib 100 mg + 
ARA-C (up to 4 cycles) or 
mitoxantrone + etoposide

(n = 46)

Enasidenib 100 mg daily 
(n = 24)

Figure 1. Disposition of the study population. ARA-C, cytarabine; DNR, daunorubicin; IDR, idarubicin.
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grade$3 in 5 patients (11%). In patients treated with ivosidenib,
increased blood bilirubin was reported during induction in 11
patients (18.3%) and was grade $3 in 4 patients (6.7%). During
consolidation, increased blood bilirubin was reported in 2 pa-
tients (5.7%) and was grade $3 in 1 patient (2.9%). Further
analysis of these data showed that in patients treated with
enasidenib, grade 1 and 2 increases in blood bilirubin were

primarily due to increases in unconjugated bilirubin.When grade
$3 increases in blood bilirubin occurred in enasidenib-treated
patients, they consisted of increases in both the conjugated and
unconjugated forms, but with a trend toward greater pro-
portional increases in unconjugated bilirubin than in patients
treated with ivosidenib. This is consistent with enasidenib’s in-
hibition of UGT1A1.

Table 2. Nonhematologic TEAEs of any grade reported in >20% of patients in any treatment group, and the
corresponding frequencies of grade ‡3 events, during the induction and consolidation periods, regardless of
attribution

TEAE, n (%)

Induction period Consolidation period

Ivosidenib 500 mg 1
chemotherapy,

n 5 60

Enasidenib 100 mg
1 chemotherapy,

n 5 93

Ivosidenib 500 mg 1
chemotherapy,

n 5 35

Enasidenib 100 mg
1 chemotherapy,

n 5 46

All
grades Grade ‡3

All
grades Grade ‡3

All
grades Grade ‡3

All
grades Grade ‡3

Any TEAE 60 (100.0) 58 (96.7) 92 (98.9) 87 (93.5) 35 (100.0) 34 (97.1) 45 (97.8) 41 (89.1)

Diarrhea 43 (71.7) 1 (1.7) 55 (59.1) 5 (5.4) 7 (20.0) 0 17 (37.0) 0

Nausea 33 (55.0) 0 50 (53.8) 2 (2.2) 11 (31.4) 0 15 (32.6) 1 (2.2)

Rash* 33 (55.0) 3 (5.0) 51 (54.8) 13 (14.0) 12 (34.3) 1 (2.9) 13 (28.3) 1 (2.2)

Decreased appetite 32 (53.3) 5 (8.3) 31 (33.3) 3 (3.2) 4 (11.4) 0 11 (23.9) 1 (2.2)

Vomiting 21 (35.0) 0 31 (33.3) 1 (1.1) 9 (25.7) 1 (2.9) 10 (21.7) 0

Stomatitis 20 (33.3) 3 (5.0) 23 (24.7) 4 (4.3) 4 (11.4) 0 9 (19.6) 4 (8.7)

Fatigue 19 (31.7) 0 24 (25.8) 2 (2.2) 5 (14.3) 0 9 (19.6) 2 (4.3)

Hypokalemia 17 (28.3) 7 (11.7) 29 (31.2) 9 (9.7) 3 (8.6) 1 (2.9) 11 (23.9) 4 (8.7)

Pyrexia 16 (26.7) 4 (6.7) 31 (33.3) 2 (2.2) 8 (22.9) 1 (2.9) 13 (28.3) 0

Constipation 14 (23.3) 0 25 (26.9) 0 6 (17.1) 0 13 (28.3) 0

Hypophosphatemia 14 (23.3) 10 (16.7) 20 (21.5) 12 (12.9) 0 0 7 (15.2) 4 (8.7)

Edema peripheral 14 (23.3) 0 37 (39.8) 0 2 (5.7) 0 13 (28.3) 0

Abdominal pain 13 (21.7) 2 (3.3) 19 (20.4) 0 4 (11.4) 0 8 (17.4) 1 (2.2)

Aspartate aminotransferase increased 13 (21.7) 4 (6.7) 18 (19.4) 4 (4.3) 1 (2.9) 0 6 (13.0) 2 (4.3)

Electrocardiogram QT prolonged† 16 (26.7) 6 (10.0) 11 (11.8) 7 (7.5) 3 (8.6) 1 (2.9) 7 (15.2) 3 (6.5)

Alanine aminotransferase increased 11 (18.3) 4 (6.7) 22 (23.7) 5 (5.4) 2 (5.7) 1 (2.9) 6 (13.0) 2 (4.3)

Cough 11 (18.3) 0 22 (23.7) 1 (1.1) 3 (8.6) 0 9 (19.6) 0

Headache 10 (16.7) 0 29 (31.2) 0 6 (17.1) 1 (2.9) 8 (17.4) 0

Hypoalbuminemia 10 (16.7) 3 (5.0) 21 (22.6) 5 (5.4) 1 (2.9) 1 (2.9) 3 (6.5) 0

Blood bilirubin increased‡ 11 (18.3) 4 (6.7) 46 (49.5) 15 (16.1) 2 (5.7) 1 (2.9) 13 (28.3) 5 (10.9)

Hypocalcemia 9 (15.0) 3 (5.0) 24 (25.8) 6 (6.5) 2 (5.7) 1 (2.9) 6 (13.0) 2 (4.3)

TEAE, treatment-emergent adverse event.

*Rash includes preferred terms rash, rashmaculopapular, rash pruritic, rash erythematous, rashmacular, dermatitis, dermatitis acneiform, dermatitis allergic, dermatitis bullous, exfoliative rash,
skin ulcer, drug eruption, and urticaria.

†Electrocardiogram QT prolonged includes ventricular tachycardia, ventricular arrhythmia, cardiac arrest, cardiorespiratory arrest, electrocardiogram QT prolonged, multiple organ
dysfunction syndrome, and syncope.

‡Blood bilirubin increased includes preferred terms of increased blood bilirubin and hyperbilirubinemia.
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Efficacy
Response In the ivosidenib-treated cohorts, rates of CR and the
combined measure of CR plus CR with incomplete neutrophil
recovery (CRi) or CRp (CR/CRi/CRp) at the end of the induction
period were 55% and 72%, respectively, and were 68% and 77%,
respectively, when evaluated at any time on study. In the
enasidenib-treated cohorts, CR and CR/CRi/CRp rates were 47%
and 63%, respectively, at the end of the induction period, and
were 55% and 74%, respectively, when evaluated at any time on
study (supplemental Figure 1).

In the ivosidenib-treated cohorts, CR and CR/CRi/CRp rates at
any time during the study were higher in patients with de novo
AML than in those with secondary AML (Table 3). Similar findings
were observed in the enasidenib-treated cohorts. Post hoc
analyses of best overall response in patients with de novo AML
with or without myelodysplastic syndrome-related cytogenetic
abnormalities, in secondary AML with or without prior HMA
treatment, and by IDH2 mutation type were conducted but
proved to be inconclusive because of the limited number of
patients in these subgroups (supplemental Tables 6-8).

Overall survival After a median follow-up period of 9.3 months
(range, 0.4-32.1 months), median overall survival was not
reached in the ivosidenib-treated cohorts; the 12-month survival
probability after induction day 1 was 78% (Figure 2). When
patients were censored at the time of HSCT, the 12-month
survival probability was 74%. In the enasidenib-treated co-
horts, median overall survival was 25.6 months (95% confidence
intervals, 25.5 and not calculable) after a median follow-up
period of 14.5 months (range, 0.5-31.8), and the 12-month
survival probability was 76% (Figure 2). When patients were
censored at time of HSCT, the 12-month survival probability was
67%. Event-free survival analyses were conducted but were
limited by the relatively high number of patients who were
censored when they discontinued treatment to proceed to HSCT
(supplemental Appendix).

Pharmacokinetic and pharmacodynamic data Pharmacokinetic/
pharmacodynamic parameters observed in this study were con-
sistent with findings from previous studies in which ivosidenib and
enasidenib were administered as single agents19,20 and appeared
to be similar across daunorubicin and idarubicin induction cohorts.
Ivosidenib and enasidenib were rapidly absorbed, with peak
plasma concentrations at 4 hours following single (data not shown)

Table 3. Best overall responses at any time during the study in the FAS

Response
category

Ivosidenib 500 mg 1 chemotherapy, n (%) Enasidenib 100 mg 1 chemotherapy, n (%)

All,
N 5 60

De novo AML,
n 5 42

Secondary AML,
n 5 18

All,
N 5 91*

De novo AML,
n 5 56

Secondary AML,
n 5 35

CR/CRi/CRp 46 (77) 37 (88) 9 (50) 67 (74) 45 (80) 22 (63)

CR 41 (68) 32 (76) 9 (50) 50 (55) 36 (64) 14 (40)

CRi/CRp 5 (8) 5 (12) — 17 (19) 9 (16) 8 (23)

MLFS 4 (7) 3 (7) 1 (6) 10 (11) 5 (9) 5 (14)

PR 2 (3) — 2 (11) 2 (2) 1 (2) 1 (3)

Treatment
failure†

8 (13) 2 (5) 6 (33) 12 (13) 5 (9) 7 (20)

MLFS, morphologic leukemia-free state.

*Two patients assigned to receive enasidenib starting on day 8 had an ongoing adverse event or died on day 8 and thus never received enasidenib; these 2 patients were not included in the
FAS used for efficacy analyses.

†Treatment failure5 stable disease1 progressive disease1 discontinuation before response assessment on or after induction day 211 discontinuation with best response of not evaluable.
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Figure 2. Overall survival in the FAS set. Patients not censored
at the time of HSCT.
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and multiple doses (supplemental Table 9). Exposure at steady
state following 14days of daily dosingwas higher than after a single
dose, with moderate accumulation (ranging from 1.7- to 2.4-fold)
for ivosidenib and high accumulation (ranging from 6.3- to 8.3-fold)
for enasidenib.

Plasma 2-HG concentrations were elevated at baseline and
decreased after single and multiple doses of ivosidenib or
enasidenib (supplemental Table 9). After multiple doses, mean
trough plasma 2-HG concentrations were reduced by up to 99%,
to levels observed in healthy participants, and were maintained
throughout continued ivosidenib or enasidenib dosing. How-
ever, in contrast to the decreases in 2-HG observed in single-
agent studies of these mIDH inhibitors, the decreases observed

in this study likely also reflect the antileukemic activity of the
standard chemotherapeutic agents.

Baseline mutation profiling and clinical response In the
ivosidenib-treated cohorts, the most frequent baseline co-
mutations were DNMT3A (41%), NPM1 (34%), ASXL1 (20%),
and BCOR (14%), and in the enasidenib cohorts were DNMT3A
(39%), SRSF2 (25%), ASXL1 (23%), and RUNX1 (20%) (supple-
mental Figure 2). Figure 3 summarizes the known or likely on-
cogenic variants detected at baseline, with patients organized
by best overall response. In the ivosidenib-treated cohort, there
were no co-mutations associated with a higher likelihood of
CR/CRi/CRp. In the enasidenib-treated cohort, mutations in
ASXL1, NRAS, U2AF1, and TP53 were associated with a lack of

ELN Risk Stratification
Best Overall Response

CR CRi

CRp

PR

MLFS

SD

PD

NE

NA

Favorable

Intermediate

Poor

Unknown

Epigenetics

RTK Pathway

Differentiation

Splicing

Chromatin

Other

Best Overall Response ELN Risk Stratification

Ivosidenib Enasidenib
IDH2-R140

Enasidenib
IDH2-R172

IDH1
IDH2-R140
IDH2-R172
DNMT3A
BCOR
TET2
WT1
BCORL1

NRAS
FLT3
PTPN11
RIT1
KRAS

NPM1
RUNX1
CEBPA
PHF6
GATA2
SETBP1

SRSF2
U2AF1
SF3B1
U2AF2

ASXL1
STAG2

TP53
JAK3
JAK2
ATM
CBL

Figure 3. Baseline mutational landscape and best overall clinical responses. Each column represents an individual patient, organized by best overall response. Genes (rows)
are grouped by biological pathway. A blue box indicates the detection of a known or likely oncogenic variant in at least 1 sample type (peripheral blood and/or bone marrow).
NA, not assessed; NE, not evaluable; PD, progressive disease; RTK, receptor tyrosine kinase; SD, stable disease.
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CR/CRi/CRp, whereas DNMT3A mutations were marginally as-
sociated with CR/CRi/CRp (supplemental Table 10).

IDH1/2 mutation clearance and MRD assessment In ivosidenib-
treated patients with a best response of CR/CRi/CRp and who had
samples available for analysis, 16 of 41 (39%) hadmIDH1 clearance.
In enasidenib-treated patients with a best response of CR/CRi/CRp
and who had samples available for analysis, 15 of 64 (23%) had
mIDH2 clearance from bone marrow mononuclear cells by dPCR
(Table 4).

MRD negativity was assessed using multiparameter flow
cytometry in a subset of patients that was not identical to that in
which mIDH clearance was assessed. Among ivosidenib-treated
patients with a best response of CR/CRi/CRp, 16 of 20 (80%)
were MRD2, whereas among enasidenib-treated patients with a
best response of CR/CRi/CRp, 10 of 16 (63%) were MRD2

(Table 4). Supplemental Table 11 shows mutation clearance and
MRD2 rates for all response categories and by IDH2 mutation
type. Longitudinal mutation clearance at the per-patient level is
shown in supplemental Figures 3 and 4.

In the subset of patients with a best overall response of CR/CRi/
CRp who had data for both mIDH1/2 clearance by dPCR and
MRD by multiparameter flow cytometry, 6 of 6 (100%) ivosidenib-
treated patients and 1 of 2 (50%) enasidenib-treated patients who
cleared their IDH1/2mutation also achievedMRD2. However, 9 of
15 (60%) ivosidenib-treated patients and 9 of 10 (90%) enasidenib-
treated patients who achieved elimination ofMRDhad detectable
mIDH1/2, suggesting that dPCR for mIDH clearance is more
sensitive for determining the presence of underlying disease than
assessment of MRD using multiparameter flow cytometry (sup-
plemental Table 12).

Co-mutation clearance at end of induction We performed
targeted NGS profiling at baseline and the end of induction in
patients with a best of response of CR/CRi/CRp (ivosidenib
n 5 31, enasidenib n 5 28) to monitor co-occurring mutation
clearance at the 2% VAF level. Figure 4 shows a per-gene
overview of the number of patients with a detectable muta-
tion at baseline vs the end of induction. The frequency of
mutation clearance at the end of induction varied consider-
ably by gene. Mutations in DNMT3A, TET2, and/or ASXL1
(DTA mutations) are common in patients with age-related
clonal hematopoiesis, and DTA mutations have been

shown frequently to persist after chemotherapy, with no
significant impact on prognosis.21,22 We observed that aside
from DTA mutations, most co-occurring mutations were
cleared by the combination of ivosidenib or enasidenib and
induction chemotherapy.

Supplemental Table 13 summarizes mutation clearance (NGS;
sensitivity 2% VAF) at the end of induction. In ivosidenib-treated
patients with a response of CR/CRi/CRp, the rates of clearance of
mIDH1 and non-DTA co-mutations were 67% and 58%, re-
spectively. In enasidenib-treated patients with a response of CR/
CRi/CRp, the rate of clearance for mIDH2-R140 was 75%,
whereas for mIDH2-R172 it was 43%. The rate of non-DTA
mutation clearance was the same in patients with mIDH2-
R140 (43%) and those with mIDH2-R172 (43%).

Mutation profiling at relapse Of the 4 ivosidenib-treated and
8 enasidenib-treated patients who relapsed, mutational profiling
at relapse was available for 3 patients from the ivosidenib co-
horts and 1 patient from the enasidenib cohorts. Co-mutations at
relapse were the same as those at screening, except in
1 ivosidenib-treated patient in whom a GNAS mutation (L46del)
emerged, and in another ivosidenib-treated patient in whom a
KDM5C F1376fs mutation emerged and mIDH1 was not
detectable.

Discussion
Because ivosidenib and enasidenib have activity as single agents
in R/R mIDH1/2 AML,14,15 we assessed their combination with
intensive induction and consolidation chemotherapy in patients
with newly diagnosed mIDH1/2 AML. Ivosidenib 500 mg once
daily and enasidenib 100 mg once daily were well tolerated
when combined with induction and consolidation therapy, with
safety profiles similar to those seen with induction and consol-
idation chemotherapy alone. The addition of ivosidenib or
enasidenib, regardless of start date, did not affect the time
needed for hematologic recovery after induction chemotherapy
when compared with historical references in relatively similar
patient populations.23,24 Therefore, future studies will initiate
treatment with the IDH inhibitors concurrently with the start of
induction therapy. Thirty- and 60-day mortality rates in this older
patient population were comparable with those observed in
patients with newly diagnosed AML given intensive chemotherapy.
IDH-DS has been observed in ;10% of patients treated with
ivosidenib or enasidenib as single agents.14,15 Because ivosidenib
and enasidenib were administered in combination with cytotoxic
chemotherapy in this study, rates of IDH-DS were low, as expected.
QT interval prolongation has been associated with ivosidenib
monotherapy,14 and in the present study the frequency and grades
of QT prolongation were similar to those observed with ivosidenib
monotherapy in R/R AML.14 However, ivosidenib’s independent
contribution to QT prolongation in this study could not be de-
termined, given that the use of supportive medications known to
prolong the QT interval (eg, quinolones, azole antifungals, 5-HT3
antagonists) was permitted. Increased blood bilirubin was more
frequently observed in the enasidenib cohorts, consistent with
enasidenib’s known inhibition of the UGT1A1 enzyme,15 but it did
not appear to have significant clinical consequences.

In previous studies, CR rates in patients with newly diagnosed or
previously treated mIDH1/2 AML who received induction and

Table 4. IDH mutation clearance and MRD status in
patients with a best response of CR/CRi/CRp

Treatment n
IDH mutation
clearance, n (%) n

MRD2,
n (%)

Ivosidenib 1
chemotherapy

41 16 (39) 20 16 (80)

Enasidenib 1
chemotherapy
Total 64 15 (23) 16 10 (62)
R140 47 11 (23) 12 8 (67)
R172 17 4 (24) 4 2 (50)
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consolidation chemotherapy ranged from 38% to 65%, although
definitions of CR varied across the studies.5,25,26 The end-of-
induction CR and CR/CRi/CRp rates observed in our study were
55% and 72%, respectively, in the ivosidenib-treated patients,
and 47% and 63%, respectively, in the enasidenib-treated pa-
tients. The best overall CR and CR/CRi/CRp rates were 68% and
77%, respectively, in ivosidenib-treated patients, and 55%
and 74%, respectively, in enasidenib-treated patients. These

response rates are encouraging, particularly in this group of
patients, which included a substantial proportion with secondary
AML (;30%) and amajority$60 years of age. However, because
this was a phase 1 study with no comparator group, and owing to
the limited data available for older patients with newly di-
agnosed mIDH AML treated with intensive induction and con-
solidation therapy, the interpretation of our remission rates is
challenging. A randomized, controlled trial is needed to
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Figure 4. Paired sample analysis of mutations by NGS
at screening and end of induction. (A) Ivosidenib-treated
patients with a best response of CR/CRi/CRp only, n5 31,
Personalis ACE Cancer Panel. (B) Enasidenib-treated pa-
tients with a best response of CR/CRi/CRp only, n 5 28,
Archer VariantPlex CoreMyeloid panel. Values under each
bar denote the number of patients with a mutation de-
tected at baseline and end of induction, and the mutation
clearance rate (%) for each gene.

1800 blood® 1 APRIL 2021 | VOLUME 137, NUMBER 13 STEIN et al

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/137/13/1792/1803916/bloodbld2020007233.pdf by guest on 18 M

ay 2024



adequately compare response rates for each mIDH inhibitor
combination with intensive chemotherapy alone.

To better understand the depth of clinical responses in the
present study, mIDH clearance (by highly sensitive dPCR) and
the elimination of MRD (by multiparameter flow cytometry) were
assessed. These analyses were limited in that samples were not
regularly collected after the end of induction and thus are not
time-matched across patients. Additionally, the subset of pa-
tients with samples available for mIDH clearance analysis was not
the same as the subset with samples available for MRD analysis.
Nevertheless, among patients who achieved CR/CRi/CRp, ivo-
sidenib given with intensive induction and consolidation che-
motherapy was associated with mIDH1 clearance in 39% of
patients (16 of 41) andwith elimination ofMRD in 80%of patients
(16 of 20). Enasidenib given with the same chemotherapy was
associated with mIDH2 clearance in 23% of patients (15 of 64)
and with the elimination of MRD in 63% of patients (10 of 16). In
the small group of patients for whom results were available both
for mIDH1/2 clearance and for MRD, clearance of mIDH1/2 was
often associated with elimination ofMRD. However, a substantial
proportion of patients who demonstrated persistence of mIDH1/
2 achieved elimination of MRD, suggesting that mIDH clearance
as assessed by dPCR is a more sensitive measure for detecting
the presence of the underlying disease than assessing MRD
using multiparameter flow cytometry. Comparisons of mutation
clearance rates with those of other studies cannot be made
because of the limited number of samples collected for this
assessment in our study and the irregular timing of sample
collection after cycle 1 day 28; moreover, the cutoff used for
determination of mutation clearance varies between studies.

In patients with mIDH R/R AML, the presence of co-mutations in
receptor tyrosine kinase pathway genes such as NRAS, KRAS,
and FLT3 has been associated with resistance to single-agent
therapy with inhibitors of mIDH.14,27,28 Our longitudinal molec-
ular profiling in a subset of patients using NGS (cutoff 2%) of
mutations at baseline, and at the time of best response, showed
that mutations in FLT3 and RAS were cleared after induction
chemotherapy, suggesting that the combination of an mIDH
inhibitor with chemotherapy in the first-line setting may over-
come one of the most common mechanisms of resistance to
single-agent inhibitors of mIDH1/2. Although mutational pro-
filing data were available for only 4 of the patients who relapsed,
the data suggest that relapse can occur both with and without
the emergence of new mutations.

In this study, ivosidenib-treated and enasidenib-treated patients
had 12-month survival probabilities of.75%, which is promising
given that survival rates have historically been low, especially for
older patients with AML,29,30 although improvements have been
noted in the past few decades, particularly in younger patients.31

Survival follow-up is ongoing to determine whether these en-
couraging rates will be maintained over a longer period.

In summary, the combination of ivosidenib or enasidenib with
intensive induction and consolidation therapy was well tolerated
in patients with newly diagnosedmIDH1 or mIDH2AML, and the
initial clinical activity was encouraging. The benefit of adding
ivosidenib or enasidenib to induction and consolidation che-
motherapy followed by single-agent maintenance therapy for

patients with newly diagnosed mIDH AML is being further
evaluated in an ongoing randomized phase 3 trial.
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