in which it resides. Clinical trials evalu-
ating dual checkpoint blockade and
MAPK inhibition are warranted.
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Taking aim at IDH in fitter
patients with AML

Andrew H. Wei' and Naval Daver? | 'The Alfred Hospital; 2MD Anderson Cancer

Center

In this issue of Blood, Stein et al report the feasibility of combining isocitrate

dehydrogenase (IDH) inhibitors with intensive induction and consolidation

therapy, paving the way for pivotal studies to explore targeted IDH therapy

as standard of care for those with newly diagnosed IDH-mutant acute myeloid

leukemia (AML)."

From the initial identification of IDH1R'32¢
in AML to the US Food and Drug Ad-
ministration (FDA) approval of a small
molecule targeting mutant IDH1 9 years
later, the IDH story represents a remark-
able bench-to-bedside joumney.? IDH1R132
abnormalities impair decarboxylation of
isocitrate to a ketoglutarate. The mutation
also confers a dominant negative effect via
a neomorphic gain-of-function oncome-
tabolite called (R)-2-hydroxyglutarate.?
Mutations in IDH1 and IDH2 are found in
16% to 22% of AML cases, with a higher
frequency in patients with diploid karyo-
type and those of older age.*

High-throughput screening followed by
hit-to-lead chemistry for inhibitors of
IDH2R1402 activity led to the develop-
ment of enasidenib, the first-in-class in-
hibitor of IDH2 mutations.> A phase 1
study in relapsed/refractory (R/R) AML
identified 100 mg per day as the optimal
dose of enasidenib. The overall response
rate (ORR) was 39% (complete response
[CR], 20%), and median overall survival
(OS) in all patients was 9 months. Median
time to best response was 4 months, and
drug-specific adverse events included
hyperbilirubinemia (8%) and differentia-
tion syndrome (DS; 7%). A parallel study
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determined ivosidenib at 500 mg per day
as optimal in R/R IDH 1-mutant AML, with
an ORR of 42% (CR, 22%) and median CR
duration of 8 months.” Median time to CR
was 3 months, and key adverse events
included QT prolongation (8%) and IDH
DS (4%). The manageable toxicity, clinical
efficacy, reduced transfusion dependency,
and appeal of targeting biologically rele-
vant mutations with an orally delivered
drug led to FDA approval of both enasi-
denib for IDH2- (2017) and ivosidenib for
IDH1-mutant (2018) R/R AML. In newly
diagnosed patients with AML ineligible for
intensive chemotherapy, the CR/CR with
partial hematologic recovery rate for ivo-
sidenib was 43% (CR, 30%), and median
OS was 12.6 months, resulting in a label for
frontline therapy.? Incorporating targeted
therapies into the frontline setting for fit,
younger patients with presumably less
complex disease and greater chance of
cure may maximize survival benefit, anal-
ogous to the benefits found with mid-
ostaurin, gemtuzumab, and venetoclax in
AML. The addition of cytotoxic therapy
could also reduce the risk of DS and
shorten the time to achieve CR compared
with single-agent therapy.

In their study reported in this issue of
Blood, Stein et al explored IDH targeting
in fit patients with AML undergoing first-line
intensive 7 + 3 induction with intermediate-
or high-dose cytarabine-based consolida-
tion therapy. The study population was
predominantly =60 years of age, consistent
with the higher frequency of IDH mutations
in older age groups. After confirming
the safety of ivosidenib at 500 mg or
enasidenib at 100 mg per day, com-
mencing on day 1 of induction che-
motherapy, the study was expanded to
include a total of 60 and 91 patients in
the ivosidenib and enasidenib arms,
respectively.

In the ivosidenib arm, 15% received 2
induction cycles, 58% were consolidated,
32% received maintenance therapy, and
47% proceeded to hematopoietic stem
cell transplantation (HSCT). The time to
median neutrophil (>0.5 10%/L) or platelet
(>50 X 10%/L) recovery during induction
did not seem prolonged (28 days). Al-
though any-grade QT prolongation during
induction was 27% (grade =3 in 10%) and
seemed higher than reported in the phase
1 study, the potential impact of concomi-
tant medications could not be excluded.
The end-of-induction CR rate was 55%
in the ivosidenib arm, and the combined
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CR/CR with incomplete hematologic re-
covery (CRi)/CR with incomplete platelet
recovery (CRp) rate was 72%.

In the enasidenib arm, 24% received 2
induction cycles, 49% were consolidated,
26% received maintenance therapy, and
47% proceeded to HSCT. Median time to
neutrophil or platelet recovery after in-
duction was 34 or 29 days, respectively.
The rate of hyperbilirubinemia during
induction was 50% (grade =3 in 16%),
but this was not considered problematic.
The end-of-induction CR rate was 47% in
the enasidenib arm, and the combined
CR/CRI/CRp rate was 62%.

Early (30-day) mortality in both arms was
not increased (5%). Although IDH DS was
uncommon (3%), 3 of the 4 cases were
grade =3 in severity and occurred be-
tween days 29 and 48, suggesting that
patients should be monitored even after
discharge. In a limited subset of 46 pa-
tients, clearance of mutant IDH1/2 by
digital polymerase chain reaction was
39% and 23%, respectively. This study
included 4 patients in the ivosidenib arm
and 17 patients in the enasidenib arm
with secondary AML with prior hypo-
methylating agent exposure, with a CR/
CRi/CRp rate (at any time) of 59%. The
overall study follow-up time was short
(median, 9.3 months) for a frontline in-
duction study, thus preventing conclu-
sions regarding survival. On the basis
of this feasibility study, an international
phase 3 randomized trial investigating
ivosidenib and enasidenib with standard
intensive chemotherapy led by the Heamato
Oncology Foundation for Adults in the
Netherlands (HOVON) and German-Austrian
AML Study Group (AMLSG) has commenced
(registered at www.clinicaltrials.gov as
#NCT03839771). The rarity of the dis-
ease will require an international effort to
screen thousands of patients to enroll
the target number of 968 with IDH1/2-
mutant AML.

Although the next steps for IDH targeting
seemed straightforward, recent studies
have raised questions. Preliminary results
from an ongoing phase 2 randomized
study comparing enasidenib with or
without azacitidine as first-line treatment
for AML patients unfit for intensive che-
motherapy showed an improved re-
sponse rate and event-free survival, but
not OS, for patients in the combination
arm.? Although 21% of patients in the
azacitidine-alone arm received enaside-
nib at relapse, this raises the question of
whether the optimal approach is to use
IDH2-targeted therapy at diagnosis or in
the salvage setting. Likewise, the phase 3
IDHENTIFY trial in IDH2-mutant AML,
which enrolled patients for whom 2 or
3 lines of therapy had failed, reported no
survival improvement with enasidenib
compared with standard of care. Although
the details have not been released, these
results heighten the importance of the re-
sults presented by Stein et al and the on-
going phase 3 HOVON/AMLSG trial. Many
regulatory jurisdictions require a randomized
studly to support the case for reimbursement
of IDH inhibitors. Therefore, worldwide ac-
cess to IDH2 inhibitors may be limited until
such pivotal studies are completed.
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