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Abstract: Recently there has been a significant progression in the understanding of molecular

mutations driving biochemical and cellular signaling changes leading to survival and prolifera-

tion of leukemia cells in patients with acute myeloid leukemia (AML). Preclinical studies have

demonstrated a mutated enzyme in the citric acid cycle, isocitrate dehydrogenase (IDH), leads

to the production of an oncogenic metabolite R-2-hydroxy-glutarate (R-2-HG). This causes the

arrest in the differentiation of hematopoietic stem cells leading to the promotion of leukemia.

Inhibitors of the IDH enzyme have been shown in preclinical studies to reduce the production

of R-2-HG, resulting in terminal differentiation of leukemia blast cells. In recent phase I and II

trials, the IDH2 inhibitor enasidenib has shown clinical activity in patients with relapsed and

refractory (R/R) AML. This review will describe the preclinical and clinical developments of

enasidenib and its Food and Drug Administration approval in R/R AML, treatment recom-

mendations and management will be outlined.

Keywords: isocitrate dehydrogenase, IDH 2, relapsed/refractory, R/R acute myeloid
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Introduction
Acute myeloid leukemia (AML) represents 33% of all new leukemia diagnoses in

2018, yet is responsible for 44% of all leukemia-related deaths that year.1 Those

with relapsed or refractory (R/R) disease, advanced age, or AML evolved from

antecedent neoplasms have substantially poorer prognosis with a 2-year survival of

around 20%.2 However, recent advances in the understanding of the pathophysiol-

ogy and molecular changes in AML have led to the development of new agents that

demonstrated improved clinical efficacy. This article will review the significance of

isocitrate dehydrogenase (IDH) mutations in AML, preclinical and clinical studies,

and clinical pearls for using enasidenib (IDHIFA; AG-221; Celgene Cooperation,

Summit, NJ, USA) in practice.

Role of IDH, mutations, metabolites, and αKG-
dependent dioxygenases in AML
Preclinical studies identified isocitrate dehydrogenase 2 (IHD2) as a commonly

mutated enzyme in hematologic malignancies, represented in around 11% of the

patients with AML; the products of the mutated enzymes have a pro-oncogenic

effect.3–6 IDH is a homodimeric enzyme in the citric acid (TCA) cycle that

catalyzes the conversion of isocitrate to a-ketoglutarate (αKG), withIDH2 acting

in the mitochondria. Mutated forms of the enzyme have novel activity in reducing

Correspondence: Michael K Keng
Department of Medicine, Division of
Hematology/Oncology, University of
Virginia, 1300 Jefferson Park Avenue,
West Complex, Room 6009,
Charlottesville, VA 22908, USA
Tel +1 434 924 4257
Fax +1 434 244 7534
Email MK2PV@virginia.edu

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2019:11 8073–8080 8073
DovePress © 2019 Reed et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/CMAR.S162784

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


αKG to R-2-hydroxyglutarate (R-2-HG).6 R-2-HG is a

competitive inhibitor of αKG-dependent dioxygenases,

which are oxidative enzymes that have a wide variety of

roles in post-translational modifications, epigenetic regula-

tion, biosynthesis, and regulation of metabolism pictured

in Figure 1.6,7 This inhibition leads to histone and DNA

hypermethylation, chromatin modification, altered cellular

metabolism, and an altered hypoxia response.6–8 High

concentrations of R-2-HG are observed in patients with

IDH2-mutated malignancies and associated with multiple

roles in the malignant transformation and arrest of differ-

entiation of hematopoietic cells both in-vitro and in-vivo.9

αKG-dependent hydroxylases play a crucial role in

the regulation of the hypoxia response by catalyzing the

ubiquitin-mediated degradation of hypoxia-inducible

factor α (HIFa), a major regulator of the hypoxia

response in humans. HIFa binds to hypoxia response

elements and regulates the expression of hundreds of

different genes. These genes increase oxygen supply to

hypoxic tissues and shift cellular metabolism to favor

aerobic glycolysis, conserving oxygen utilization.7,10

This shift is more commonly known as the Warburg

effect, thought to play a significant role in the pathogen-

esis of many malignancies.7,11

Potentially all αKG-dependent hydroxylases also pos-

sess non-catalytic domains of great functional significance,

exemplified by PHF8 and its interaction with histone H3.

Two important sites of methylation on histone H3 are the

lysine residues K9 and K4, where methylation at these two

residues repress and activate transcription, respectively.

The catalytic domain of PHF8 is guided to its substrate

H3 dimethyl-lysine 9, demethylation it (activating tran-

scription), through the interaction of the noncatalytic

plant homeobox domain with histone H3 by binding to

the H3 trimethyl-lysine 4. This additional interaction

increases the PHF8’s affinity for its substrate, additionally

promoting activation of transcription.8,12,13 There is a

mounting body of evidence supporting this and other

αKG-dependent enzymes play crucial roles in regulating

a wide range of critical cellular functions, whose inhibition

by R-2-HG would have profound and far-reaching effects

on the cell.

IDH mutations represent an excellent therapeutic target

due to the powerful effects of R-2-HG and presence of

IDH mutations in hematologic malignancies. Kats et al

demonstrate that the introduction of IDH mutations and

FMS-like tyrosine kinase 3 (FLT3) mutations can drive the

development and maintenance of leukemia in transgenic

Figure 1 R-2-HG mechanism of action.

Abbreviations: IDH, isocitrate dehydrogenase; mIDH, mutated isocitrate dehydrogenase; TCA, citric acid cycle; aKG, a-ketoglutarate; R-2-HG, R-2-hydroxyglutarate;

TET1, ten-eleven translocation−1; PHF8, PHD-finger protein 8.
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mice, but inhibition of these mutant enzymes can reduce

proliferation and improve differentiation of leukemic

blasts.14

All mutations in IDH2 cause a single amino acid sub-

stitution at either Arg140, substituted to Lys, Met, Gly or

Trp or Arg172, substituted to either Gln or Trp. These

residues, and the substitutions caused by the mutations,

occur in the active site of IDH2 and are of great catalytic

importance, as it allows for the novel reducing the activity

of the mutated enzyme. As such the Arg140 site is most

commonly mutated to Gln and the Arg172 site to Lys to

allow for this novel activity. Investigations by K Yen et al

reveal that enasidenib has a nearly 50 times lower in-vitro

IC50 for the Arg140Gln mutant over the Arg172Lys

mutant. This effect is notable in the cell lines treated with

enasidenib, explaining the superior R-2-HG suppression of

enasidenib in the setting of Arg140Gln mutations.15

Role of enasidenib in AML
Enasidenib is a novel, first in class, oral, small molecule

inhibitor of IHD2.16 It is a non-cytotoxic differentiating

agent that functions by inducing the maturation of malig-

nant cells. Similar in class to all-trans retinoic acid

(ATRA) for the treatment of acute promyelocytic leukemia

(APML), enasidenib induces terminal differentiation of

leukemic myeloblasts and restore normal tri-lineage hema-

topoiesis in responding patients without evidence of

apoptosis.2 This unique effect of differentiation therapy

may provide an additional advantage over traditional cyto-

toxic therapy by aiding in the reconstitution of the immune

system and restoration of normal function.

The Food and Drug Administration (FDA) approved

enasidenib in August 2017 for the treatment of IDH2

mutated R/R AML.

Pre-clinical studies
Enasidenib was a compound identified through “hit to

lead” high-throughput drug screen looking for small mole-

cule inhibitors of IDH2 mutants given the known impor-

tance of IDH mutations in oncogenesis. Through protein

chemistry and X-ray crystallography, enasidenib was

found to inhibit the enzyme IDH2 by binding to the

allosteric site of the enzyme and stabilizing the homodimer

conformation preventing conformation change of the

enzyme required for the production of the R-2-HG.15

Further experiments identified dose-dependent decreases

of R-2-HG, causing differentiation in cell culture of TF1

erythroleukemia cells to erythrocytes without apoptosis.

Mature granulocyte markers were observed after treatment

of xenograft AML blast cells, demonstrating the effective-

ness of IDH inhibition in promoting differentiation of

these cells. Enasidenib did not induce cellular death as

demonstrated with myeloblasts differentiation into mature

and functional neutrophils while continuing to express the

mutant IDH2 allele. Enasidenib demonstrated a dose-

dependent survival benefit in xenograft mice compared to

mice treated with cytarabine and demonstrated dose-

dependent reduction in R-2-HG, reduction in bone marrow

blasts, as well as differentiation into mature granulocytes

without impacting the IDH2 allele frequency.15

Clinical trials
The landmark trial for enasidenib was published by

Stein et al in 2017.16 This was a Phase I/II, multicenter,

multinational clinical trial, conducted from September

2013 to April 2016, that assessed enasidenib in humans

for the first time. Patients were eligible for the trial if

they were greater than 18 years of age with confirmed

diagnosis of AML with a mutated IDH2 by next-gen-

eration sequencing (NGS). The study was designed with

an initial dose escalation to determine the maximum

tolerated dose (MTD) and then a subsequent dose

expansion to evaluate the efficacy of enasidenib in

terms of types of response, duration of response, and

transfusion independence. One hundred thirteen patients

were evaluated in the dose escalation phase and no

MTD was identified up to the maximum dose of 650

mg daily. The dose chosen for the expansion phase was

100 mg daily based on its pharmacokinetic and pharma-

codynamic analyses. One-hundred nine patients with R/

R AML received enasidenib at 100 mg daily. The med-

ian age was 67 years old (range: 19–100); 58% of the

patients were female (n=63). Twenty-five percent (n=27)

of the patients had AML with myelodysplastic-related

change and 36% (n=29) of the patients had poor risk

cytogenetics. The majority of patients were either

refractory to initial induction (32% (n=35)) or relapsed

within 1 year of treatment (23% (n=25)). Twelve

patients (11%) had prior stem cell transplant. Both

IDH2 mutation locations were represented in the trial;

however, the majority (76%) of patients had R140 muta-

tions. The overall response rate (ORR) of R/R AML

defined as complete remission (CR)+complete remission

with incomplete hematologic recovery (CRi)+complete

remission with incomplete platelet recovery (CRp) and

partial response (PR)+morphologic leukemia-free state
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was 40.3% (95% CI, 33–48%) including 34 patients

who achieved a CR. The majority of patients achieved

a response by cycle 5 (87.3%). Patients with R172

mutations had an improved ORR compared to patients

with R140 mutations, 53.3% vs 35.4%, respectively.

However, only a slightly higher number of patients

with R172 mutations achieved a CR compared to

patients with R140, 24.2% vs 17.7%. The median dura-

tion of response was 5.8 months and median overall

survival (OS) in patients with R/R AML was 9.3 months

(8.2–10.9 months) with an estimated one-year survival

of 39%. In patients who achieved a CR, the median OS

was 19.7 months. There were 10% of the patients who

were bridged to stem cell transplant using enasidenib.

Most common grade 3 or 4 adverse events were hyper-

bilirubinemia, thrombocytopenia, anemia, and IDH dif-

ferentiation syndrome (DS). This trial led to the FDA

accelerated approval for enasidenib for IDH2 mutated

R/R AML.

Through extensive correlative studies done on samples

obtained during this trial, there were several findings.17,18

First, patients were found to have persistent IDH2 mutant

alleles despite months of treatment. This was confirmed

after peripheral blood mature neutrophils were found to

have same allele burden compared to the stem cell leuke-

mia clone, supporting that enasidenib in vivo does not

induce apoptosis rather promotes differentiation.

Correlative studies with this trial confirmed the mechan-

ism of action of enasidenib, showing a reduction in R-2-

HG levels with a median suppression of 90.6%. As shown

in previous preclinical trials, enasidenib appears to be

more efficacious at reducing R-2-HG levels in patients

with the R140 mutant compared to the R172 mutant.

Unfortunately, the degree or presence of suppression of

R-2-HG was not correlated with response to enasidenib

and therefore is not a useful biomarker. Variant allele

frequently (VAF) burden in patients with IDH2 mutation

did not correlate with clinical response and therefore

should not be used for selection criteria for treatment

with enasidenib. Only mutations occurring in the RAS

and MAPK pathways were associated with decreased clin-

ical response to enasidenib. In addition, patients with more

than six mutations found with IDH2 were less likely to

achieve a response with enasidenib.17

An update on Stein et al trial was recently published which

described the treatment of 214 patients with R/R AML.18 All

patients were treated with 100 mg of enasidenib daily. The CR

rate was 19.6% (n=42) and ORR was 38.8% (n=83). The

median OS was 8.8 months (95% CI, 7.7–9.6) and median

time to best response was 3.7 months (95% CI, 0.6–14.7). The

updated median OS for the 42 R/R AML patients who

achieved a CR was 23 months; those who did not have an

OS for 5.6 months. Enasidenib was used successfully as a

bridge to transplant in patients leading to a median OS of

23.6 months. Patients with less than 3 co-mutations had

improved ORR compared to those with high mutation burden

(>6) at 31.3 vs 54.8% (p=0.06). In the R/R AML cohort,

NRAS mutations were associated with decreased CR rate at

3% vs 19% (p=0.025) and the presence of FLT3 – internal

tandem duplication (ITD) or – tyrosine kinase domain (TKD)

was associated with nonresponse (p=0.014).18 Other popula-

tions are undergoing an evaluation to determine the application

of enasidenib treatment. Patients who were not candidates for

intensive induction chemotherapy with the IDH2 mutation

(n=39) were eligible on the phase I trial to receive enasidenib

and outcomes from this population were recently published.19

The median age was 77 (range 58–87) and the majority of

patients (n=25) were classified as adverse risk according to

ELN leukemia criteria. ORR in this populationwas found to be

30.8% (17–47.6) with a median overall survival of 11.3

months. Out of this cohort of patients, 18% (n=7) achieved a

complete remission and went on to have overall survival of

19.8months. In this elderly population of patients, 49% (n=19)

of patients experiencing grade 3–4 adverse events. The three

most common adverse events experienced were anemia (n=5,

13%), hyperbilirubinemia (n=5, 13%), and differentiation syn-

drome (DS) (n=4, 10%). Unfortunately, 21% (n=8) of the

patients experienced serious adverse events including tumor

lysis syndrome (TLS) and other life-threatening conditions.

Studies are currently investigating the use of enasidenibmono-

therapy in patients with IDH2-mutant myelodysplastic syn-

drome (MDS) (NCT03383575), and as maintenance therapy

after salvage induction chemotherapy (NCT03881735) or post

allogeneic hematopoietic stem cell transplantation in

patients harboring the IDH2 mutation (NCT03515512,

NCT03728335). In addition, enasidenib is being studied com-

bined with chemotherapy agents in patients with AML and

MDS (NCT03839771, NCT03825796, NCT03683433,

NCT02677922, NCT02632708, NCT03013998). These trials

are listed in Table 1.

Resistance to enasidenib
Recent proposed mechanisms of resistance to IDH inhibi-

tors have been described. Intlekofer et al investigated two

patients with IDH mutations at R140Q that developed

resistance to enasidenib. Both patients initially had a
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response with reductions in R-2-HG and differentiation

identified. The first patient developed resistance after 9

months of treatment and was found to have relapse. The

second patient developed resistance to treatment after 6

months. These two patients were found to have a second

IDH2 mutation in trans which led to resistance to treatment

with enasidenib.20 Quek et al did not find second site

mutations leading to resistance however did establish clonal

evolution of multiple different cellular signaling pathways

inhibiting differentiation and leading to resistance to treat-

ment with enasidenib. This suggests a more complicated

mechanism of resistance leading to mutated clones that do

not appear to be dependent on the IDH2 mutation.21

Management of patients on
enasidenib
At the University of Virginia Medical Center, NGS is sent

on all bone marrow biopsies to assess for targetable muta-

tions at both initial diagnosis and relapse. If positive for an

IDH2 mutation, patients with R/R AML after standard

induction chemotherapy are offered reinduction with cyto-

toxic chemotherapy or enasidenib monotherapy. For

patients with AML who are not candidates for frontline

intensive chemotherapy, an individualized approach is

completed. Patients are considered for treatment with com-

bination therapy with hypomethylating agent with either

venetoclax or cytarabine or the combination of glasdegib

with cytarabine.22–24 Monotherapy with hypomethylating

agent is also a consideration for treatment in this setting,

however, because of the minimal evidence and lack of

FDA approval monotherapy enasidenib is not considered

front line over these agents.

When starting enasidenib, patients are counseled to

expect adverse events such as nausea, vomiting, diarrhea,

decreased appetite, and dysgeusia. In addition, clinical phar-

macists review for potential drug interactions and assist

with counseling and monitoring for enasidenib-specific

adverse events including DS, non-infectious leukocytosis,

TLS, and indirect hyperbilirubinemia.16,25,26 Interestingly,

patients who responded to enasidenib typically do not exhi-

bit bone marrow aplasia as a result of therapy.26

Enasidenib carries a black box warning for risk of DS. By

targeting mutant IDH2 enzymes, enasidenib promotes mye-

loid differentiation thereby causing increased cytokine

release, inflammation, and tissue damage in some patients.26

Left untreated, DS can be fatal. In a review of patients from

the phase I/II trial, 11.7% of the patients experienced DS

(n=33); however, a recent study by Norsworthy et al identi-

fied an incidence rate of 19% (41/214).27 In the phase I/II

trial, patients with DS were significantly more likely to have

had a lesser median number of previous therapies (P=0.05)

and less likely to have had less than 20% bone marrow blasts

at baseline (P=0.04). No other predictive factors were

identified.26 Enasidenib-associated DS occurs much later

than ATRA associated DS; median time to onset of enaside-

nib associated DS was 19–30 days and ranged from 1 to 219

days after starting therapy.26,27 This creates additional chal-

lenges for managing, as patients will likely be in the

Table 1 Current clinical trials with enasidenib

NCI ID Agents Patient population Status

NCT03383575 Enasidenib High-risk IDH2 mutant MDS Recruiting

NCT03881735 Enasidenib R/R AML IDH2 mutation Phase II not yet started

NCT03515512 Enasidenib Maintenance post alloSCT Recruiting

NCT03728335 Enasidenib Maintenance post alloSCT Not yet recruiting

NCT03839771 Enasidenib or Ivosidenib Induction for AML or MDS and maintenance Not yet recruiting

NCT03825796 Enasidenib+CPX 351 R/R AML Not yet recruiting

NCT03683433 Enasidenib+AZA R/R AML Recruiting

NCT02677922 Enasidenib or ivosidenib+SQ AZA R/R AML Active, not recruiting

NCT02632708 Enasidenib with 7+3 and consolidation chemotherapy Denovo AML Active

NCT03013998 Targeted agents Denovo AML Recruiting

Abbreviations: R/R, relapsed and refactory; AML, acute myeloid leukemia; IDH, isocitrate dehydrogenase; AlloSCT, allogeneic stem cell transplant; MDS, myelodysplastic

syndrome; 7+3, anthracycline, cytarabine.
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outpatient setting if and when DS occurs. Patients should be

educated on the signs and symptoms of DS including unex-

plained fever, weight gain, and respiratory symptoms such as

new onset shortness of breath and/or cough. The manufac-

turer website provides a way to print wallet cards for patients

which include the medication name, prescribing oncologist’s

contact information, and most importantly a QR code which

emergency medical providers can scan to quickly obtain

information on the diagnosis and treatment of DS.

Treatment of DS involves initiating corticosteroids (eg, dex-

amethasone 10mg IVBID) and hemodynamic monitoring. If

patients require intubation or ventilator support, and/or renal

dysfunction persists for more than 48 hrs after initiation of

corticosteroids, enasidenib therapy should be interrupted.

Clinicians should be aware that due to the extremely long

half-life, enasidenib and its metabolites can remain in the

system for days to weeks after discontinuation.28 Enasidenib

may be reinitiated at the original dose once DS signs and

symptoms improve to Grade 2 (moderate) or lower.25,26

White blood cell counts should be monitored fre-

quently upon initiation of enasidenib as rapid myeloid

proliferation may cause non-infectious leukocytosis, typi-

cally with the first 60 days of treatment.16 Fifteen patients

(6%) in the phase I/II trial experienced treatment-related

non-infectious leukocytosis events, which was not always

accompanied by DS; six patients were classified as having

grade 3–4 leukocytosis per Common Terminology Criteria

for Adverse Events (CTCAE) guidelines. Leukocytosis led

to dose interruption for six patients and permanent discon-

tinuation for one patient.16 If patients experience leukocy-

tosis, cytoreduction with hydroxyurea is recommended per

institutional standard and enasidenib should be continued.

Enasidenib may be interrupted if the WBC does not

respond to increasing doses of hydroxyurea; however,

due to a long half-life, holding doses may not impact the

WBC for many days.28 If enasidenib must be held, it may

be reinitiated at 100 mg daily once the WBC<30 k/µL.25,26

TLS may occur upon initiation of enasidenib, defined

by elevations of uric acid, potassium, and/or phosphate,

decrease in calcium, and/or increase in serum creatinine.

Three percent of patients in the phase I/II trial had a tumor

lysis defined as serious treatment-related emergent adverse

event.16 Patients should have uric acid, electrolytes, and

renal function monitored closely in the first several weeks

of therapy, and if experiencing non-infectious leukocytosis

it may be prudent to watch these parameters more closely.

Supportive care medications may be indicated, including,

rasburicase, phosphate binders, and potassium removal

medications. Patients should start allopurinol upon initia-

tion of enasidenib for prophylaxis of tumor lysis

syndrome.

Indirect hyperbilirubinemia occurred in 38% of the

patients in the phase I/II study but was not linked to

liver toxicity, as no meaningful increases in alanine ami-

notransferase or aspartate aminotransferase were

observed.16 Hyperbilirubinemia may occur via inhibition

of UGT1A1, an enzyme responsible for bilirubin metabo-

lism. Bilirubin elevation greater than 3 times the upper

limit of normal (ULN) sustained for greater than 2 weeks

warrants a dose reduction to 50 mg daily until bilirubin

resolves to less than 2 times ULN, then 100 mg daily can

be resumed.25

Gastrointestinal disturbances may occur in patients tak-

ing enasidenib. Nausea occurred in over 20% of the patients

in the phase I/II study, categorizing enasidenib as a moder-

ate to high emetic risk oral anticancer agent per National

Comprehensive Cancer Network (NCCN) guidelines.

According to the NCCN antiemesis guideline, routine pre-

medication is not required for continuously dosed oral

chemotherapy, but clinicians should follow up with patients

after starting therapy to ensure nausea and/or vomiting are

not hindering compliance and decreasing quality of life. In

our experience, nausea has been severe in several patients.

If patients experience nausea and vomiting, an oral 5-HT3

receptor antagonist such as ondansetron or granisetron

should be administered daily prior to taking enasidenib.

Other treatment-related gastrointestinal toxicities reported

in the trial included decreased appetite (18%), diarrhea

(15%), vomiting (14%), and dysgeusia (10%).16

Enasidenib pharmacokinetics support convenient once-

daily dosing of 100mg in subjects with relapsed and refractory

AML. The absolute bioavailability after one 100 mg oral dose

is approximately 57%, and median time to Cmax is 4 hrs.29

Absorption is not meaningfully affected by food intake.25

Enasidenib plasma protein binding is 98.5% with a mean

volume of distribution of 55.8 L.29 Enasidenib has a terminal

half-life of 137 hrs, reaching steady stateby day 29 of therapy.

If enasidenib is held for toxicity, clinicians should be aware

that enasidenib presence in the body will persist for an

extended period following the last dose. Elimination occurs

via the feces (89%) and urine (11%). Pharmacokinetics are not

altered by age, race, mild hepatic impairment, renal impair-

ment, sex, body weight, or body surface area.25

Enasidenib and its metabolite AGI-16903 are extensively

metabolized by multiple hepatic enzymes, including CYP1A2,

CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A4,
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and UGT1A1, UGT1A3, UGT1A4, UGT1A9, UGT2B7, and

UGT2B15. Despite this extensive hepatic metabolism, enaside-

nib is not known to be a substrate of any hepatic or gastrointest-

inal enzymes and drug transport proteins, and therefore does not

require dose adjustmentswhen given concurrentlywithmedica-

tions that inhibit or induce these enzymes.18 In-vitro studies

suggest enasidenib inhibits multiple hepatic and gastrointestinal

enzymes and drug transport proteins, including CYP1A2,

CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6,

CYP3A4, UGT1A1, P-gp, BCRP, OAT1, OATP1B1,

OATP1B3, andOCT2.25 Narrow therapeutic indexmedications

which are substrates of these enzymes will likely be affected by

enasidenib (eg, phenytoin, warfarin, digoxin); patients on these

medications should be switched to alternative agents if possible

or should be monitored closely for either side effects or

decreased efficacy of the concomitant medication if an alter-

native is not available. A pharmacokinetic study investigating

the effects of enasidenib on other medications is currently being

conducted (NCT03720366).

Conclusion
Enasidenib is a promising FDA approved agent in the treatment

of R/R AML. Through preclinical and clinical evaluation,

enasidenib has demonstrated remarkable activity in patients

with mutated IDH2. Although generally well tolerated, enasi-

denib does require careful monitoring throughout its treatment

course. Enasidenib is currently being evaluated in amulticenter,

randomized Phase III clinical trial (IDHENTIFY trial, NCT

02577406) to confirm the Phase I/II clinical trial results, as well

as various combinations in both the frontline and R/R settings

for AML and other hematologic malignancies.
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