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Rays of Hope in AML After Decades of Disappointment
For nearly 40 years the mainstay of induction treatment in acute
myeloid leukemia (AML) has been 7 + 3, a combination of
intravenous chemotherapy that includes 7 days of cytarabine
(AraC; 100 mg/m2 per day by continuous infusion) and 3 days of
daunorubicin (45 mg/m2 per day, given on days 1, 2, and 3).1,2 On
average, complete remission (CR) rates for 7 + 3 range from 53%
to 58%, are higher in younger patients (59-72% vs. 31-45% for
patients older than 60 years), and are maintained over the long
term in less than 15% of patients. Since its approval in 1990,
idarubicin (12-13 mg/m2 per day) has also been used in lieu of
daunorubicin.2 Evidence suggests better outcomes in terms of
CR rates (70-80% vs. 58-59%) and possibly survival, as compared
with daunorubicin. Despite high rates of response to these
induction therapies, 2-year survival rates are only 15-20%. Thus,
there is a major unmet need in the remission induction setting
in AML.
Midostaurin plus chemotherapy set to become SoC for
remission induction in one-third of AML patients
The most common mutation in AML is that of the receptor
tyrosine kinase (RTK) FLT3, with approximately 30% of patients
carrying an activating mutation – either an internal tandem
duplication of the juxtamembrane domain (FLT3/ITD) or a
mutation in the tyrosine kinase domain (TKD).3 Both mutations
result in constitutive activation of the receptor's tyrosine kinase
activity in the absence of ligand. FLT3/ITD mutations are more
common and may be of variable length and location, and occur
in approximately 23% of patients with de novo AML. While the
potential to achieve CR is the same as that in FLT3 wild type (WT)
patients, FLT3-ITD mutations are associated with a much higher
relapse rate and a poor response to salvage therapy. In addition,
patients with an elevated FLT3-ITD mutant : WT ratio have been
noted to have worse outcomes, but they may be more
responsive to FLT3-directed therapies.
Several FLT3 inhibitors have been tried in late-stage AML clinical
trials. Early inhibitors of this target were multi-TKIs (hitting
other RTKs such as KIT, PDGFR) and included sunitinib
(SU11248), sorafenib (BAY 43-9006), midostaurin (PKC412), and
lestaurtinib (CEP-701). As single agents, these drugs did not
show sustainable responses in relapsed/refractory AML
patients. Interestingly, upfront treatment with the combination
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of midostaurin and standard induction chemotherapy was
recently reported to improve overall survival compared with
placebo plus chemotherapy in high-risk patients with FLT3
mutations. At the ASH conference in December 2015, Stone et
al. reported on the RATIFY trial which enrolled 717 adults and
randomized them to receive either oral midostaurin or placebo
in addition to standard induction (daunorubicin/cytarabine)
and consolidation chemotherapy (high-dose cytarabine).4
Patients who achieved CR after consolidation chemotherapy
continued treatment with single-agent midostaurin or placebo
for 1 year of maintenance therapy. Midostaurin significantly
improved event-free survival compared with placebo: median
event-free survival was 8 months for midostaurin vs. 3.6 months
for placebo (P = .0032), representing a 21% reduction in the risk
of events. Midostaurin seemed to improve OS as well as EFS in
both ITD and TKD subtypes vs. placebo. Patients who achieved
CR while taking midostaurin had a disease-free survival of 25.9
months compared with 14 months for the patients achieving a
CR while taking placebo, implying that either remission induced
by, or maintenance of the remission with midostaurin was
better. Use of midostaurin improved the post-transplant OS if
the transplant was done during CR1. Midostaurin is likely to be
submitted for global regulatory approval in 2016. Other FLT3
inhibitors that are in late-stage development include quizartinib
and gilteritinib (Table 1).
Table 1: FLT 3 inhibitors in clinical development for AML
Flt 3
inhibitor
Midostaurin
(PKC412)
Quizartinib
(AC220)
Lestaurtinib
PLX3397
Crenolanib
(CP-868596),

Sponsor
Novartis

Daiichi Sankyo
Cephalon
(Teva)
Daiichi Sankyo
Academic
(University of
Ulm )

II
(Pivotal)
I/II

AML indication/ patient
segment
Induction, newly diagnosed,
FLT3 mut
FLT3-ITD positive AML,
refractory to or relapsed after
first-line treatment with or
without HSCT consolidation
FLT-3 activating mutations
AML
AML

III

FLT3 activating mutations AML

NCT01349049

Latest phase
III
III
(QUANTUM-R)

NCTID
NCT00651261

NCT02039726

NCT00079482
NCT01349049

Gilteritinib

Astellas

III

Relapsed or refractory acute
myeloid leukemia (AML) with
FMS-like tyrosine kinase (FLT3)
mutation

NCT02421939

Pacritinib

Weill Medical
College of
Cornell
University

II

Acute myeloid leukemia
(combination therapy with
decitabine or cytarabine)

NCT02532010

Source: https://clinicaltrials.gov/
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Venetoclax demonstrates utility for unfit AML patients and
receives its third Breakthrough Designation in the process

The excess 2HG that accumulates in vivo contributes to elevated
risk of malignant tumors in patients.

For many newly diagnosed AML patients, including elderly
patients or those with comorbidities, intensive therapy is not an
option. Patients 55 years of age or older are routinely treated
with non-intensive approaches because of high rates of
induction-therapy-related mortality in this segment. DNA
hypomethylating agents (HMAs), though not approved for the
treatment of AML in the US, are currently used as single agents
for low-intensity therapy for such patients, but the prognosis
remains poor.

AG-120 and AG-221 are first-in-class, oral, potent, reversible,
selective inhibitors of the IDH1 and IDH2 mutant enzymes,
respectively (Table 2). Several studies of AG-120 and AG-221 are
underway in patients with IDH-mutated AML. AG-221
demonstrated an ORR of 37% (CR: 18%) in a PhaseI/II trial in RRAML with an mDoR of 6.9 mos, and was well tolerated, with GIrelated toxicities being the most frequently reported adverse
events.8 An open-label, randomized Phase III study of AG-221
(IDHENTIFY, NCT02577406) vs. conventional care regimens
(azacitadine, LoDAC) has been initiated in RR-AML IDH2
mutated (60+ years) patients.

At the ASH conference in December 2015, Dinardo et al.
presented results from a Phase Ib study that investigated the
combination of venetoclax (VEN), an orally bioavailable
selective Bcl-2 inhibitor, with HMAs (decitabine [DEC] or
azacitidine [AZA]) in treatment-naïve elderly AML patients (age
>65 years).5 In total, 22 patients were enrolled into one of the
two arms, DEC+VEN or AZA+VEN, in two dose-level cohorts of
VEN (400 mg and 800 mg). Nineteen of 22 patients were
response evaluable with an ORR (CR+Cri+PR) of 75% (9/12 pts)
in the DEC arm and 70% (7/10 pts) in AZA arm. None of the
patients with OR experienced relapse. The MTD for VEN had not
been reached in either arm and dose escalation is ongoing.
Based on these results and a tolerable safety profile, FDA
granted VEN its third Breakthrough Therapy Designation. Earlier
single agent VEN had been granted Breakthrough Therapy
Designation for the treatment of relapsed/refractory CLL
patients with 17p deletions. In January 2016, AbbVie was
granted priority review and Breakthrough Therapy Designation
for VEN in combination with rituximab for treatment of patients
with R/R CLL.
Mutant IDH1/2 inhibitors provide clinical proof-of-concept
and acceptable safety profile in AML patients
Isocitrate dehydrogynase (IDH) isoenzymes catalyze the
conversion of isocitrate to α-ketoglutarate (α-KG) in the TCA
cycle. Recurring mutations in two isoenzymes IDH1 and IDH2
have been described in approximately 30% of patients with
normal-karyotype AML wherein the mutations in IDH1 occur at
R132, and at either R140 or R172 in IDH2.6,7 These mutations
result in neomorph enzymes that produce vast amount of the Dstereoisomer of 2-hydroxyglutarate (2HG), an oncometabolite.
2HG is a competitor of α-KG and the elevated level of 2HG can
inhibit multiple α-KG-dependent dioxygenases, including
approximately 30 histone demethylases and 3 TET (ten-eleven
translocation) proteins that function as epigenetic modifiers.

Table 2: IDH1/2 inhibitors in clinical development for AML
Asset

Target
IDH1/2

Sponsor

Latest
phase

AG-120

IDH1

Agios/Celgene*

I

AG-120

IDH1

Agios/Celgene

Ib

AG-221

IDH2

Agios/Celgene**

I

AG-221

IDH2

Agios/Celgene

III

AG-221

IDH2

Agios/Celgene

Ib

AG-881

IDH1/2

Agios/Celgene***

I

AML indication/ patient
segment
Acute myeloid leukemia
(combination therapy, firstline therapy, in the elderly)
Newly diagnosed, induction
therapy and consolidation
therapy
Acute myeloid leukemia
(combination therapy, firstline therapy, in the elderly)
3L+,refractory or relapsed
AML
Newly diagnosed, induction
therapy and consolidation
therapy
Advanced, IDH1 and/or
IDH2 gene-mutated AML

NCTID
NCT02074839

NCT02632708

NCT01915498
NCT02577406
NCT02632708
NCT02492737

Source: https://clinicaltrials.gov/; Agios
*AG-120: Agios US rights; Celgene ex-US rights
**AG-221: Celgene primary commercial rights; Agios US co-promotion and
royalty
***AG-881: Agios and Celgene have joint worldwide collaboration

Anti-CD33 therapies making a comeback in AML
CD33 is expressed on immature myeloid cells, including AML
cells, and antibody-drug conjugates (ADCs) that bind to CD33
(e.g. gemtuzumab ozogamicin [GO]) have been reported to
improve outcome in AML. However, GO was withdrawn in June
2010 because of concerns over increased mortality rates and
toxicities including hepatic veno-occlusive disease. At the
December 2015 ASH conference, Papayannidis et al. presented
results of a retrospective analysis of 409 newly diagnosed AML
patients (median age 53) which demonstrated that adding GO
to either FLAI or AIE induction regimens is an independent and
strong predictor of better OS and higher CR rates.9 The
investigators strongly recommend this approach in SR and HR
karyotype AML patients. Pfizer has been in discussions with
regulators about the way forward with GO.
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SGN-CD33A (Vadastuximab Talirene) is another ADC that binds
to CD33 but with a different toxin, a pyrrolobenzodiazepine
(PBD) dimer, which demonstrates a distinct adverse event
profile from that of calicheamicin toxin found in GO. Upon
binding, SGN-CD33A is internalized and transported to the
lysosomes where PBD dimer is released via proteolytic cleavage
of the linker, crosslinking DNA, and leading to cell death. SGNCD33A is currently being tried in three early-phase AML studies
and a MDS study. Recent results with SGN-CD33A as
monotherapy demonstrate anti-leukemic activity in a Phase I
trial (NCT01902329) with 60% CR+CRi in treatment-naïve
patients.10 AEs in this trial were consistent with on-target
myelosuppression with no pattern of off-target toxicity. An
expansion combination cohort in the same study is currently
exploring SGN-CD33A with HMAs in treatment-naïve older AML
patients.11 Newer CD33-directed strategies, including bispecific
agents (e.g. AMG 330), as well as a CAR-T that uses ScFv of GO
(Clone My96), are being developed for AML.
Are CAR-Ts the next big thing in AML?
The lack of AML-specific surface markers has been a significant
barrier to the development of CAR-T based approaches in this
disease. Currently, CAR-Ts directed against CD123 and CD33 are
being pursued for AML. CD123, the IL-3 receptor a, is involved in
hematopoiesis and has been shown to be expressed in several
hematologic neoplasms, including AML. Targeting CD123 with
CAR-T cells (CART123) was shown to lead to deep and long-term
responses in human primary AML xenografts. Similarly, CD33 is
also expressed on myeloid progenitors, and anti-CD33 CAR-T
cells have been shown to have equal anti-AML efficacy but more
severe myeloablation compared with anti-CD123 CAR-T cells.
Clinical trials targeting CD123 and CD33 have commenced
(NCT02159495, NCT01864902). Since permanently expressed
CD123-directed or CD33-specific CAR-T cells would have
unacceptable toxicity due to long-term myelosuppression,
investigators are now exploring transiently expressed mRNA
CARs for each of these targets. A pilot open-label study
(NCT02623582) to estimate the feasibility, safety, and efficacy
of intravenously administered, RNA electroporated autologous
T-cells expressing anti-CD123 CAR expressing tandem TCR and
4-1BB (TCR /4-1BB) costimulatory domains (referred to as RNA
CART123) in AML is currently recruiting patients.
Novel immunotherapies such as CXCR4 antagonists and IL-15
therapies demonstrate positive evidence in AML warranting
additional investigations
Several newer immunotherapy agents are also making their
way through clinical development in AML patients.

One promising agent is CXCR4 antagonist BL-8040 (BKT140), a
synthetic peptide which inhibits the binding of CXCR4 to
CXCL12, resulting in the mobilization of leukemic blasts from the
bone marrow to the peripheral blood where they are
susceptible to the effects of chemotherapy. A clinical trial
assessing the safety and efficacy of BL-8040 in combination with
cytarabine for the treatment of adult R/R AML patients is
currently ongoing (NCT01838395). Preliminary results from this
trial reported at ASH 2015 revealed composite complete
remission (CR+Cri) rates of 38% in subjects receiving BL-8040
doses of 1 mg/kg and higher (n=16).12
IL-15 agonists have also evidenced positive clinical data in AML.
IL-15 is a homeostatic cytokine that stimulates both NK cells and
CD8+ T cells, but unlike IL-2 does not stimulate suppressive Treg
cells. Adoptive transfer of IL-2-driven NK cells can induce
remissions in patients with refractory AML, although this may
be limited by IL-2-induced expansion of Tregs. Human IL-15 (NCI
Frederick) driven adoptive NK cell transfer in patients with
refractory AML is an alternative strategy, and Miller et al.
reported on a Phase I dose escalation trial of this agent at
ASH2015.13 Physiologic IL-15 signaling occurs after transpresentation with IL-15Rα to IL-15Rβ and IL15Rγ (common
chains shared with the IL-2R). Patients received infusions of
haploidentical NK cells activated overnight with IL-15 and
intravenous IL-15 for 12 daily doses in cohorts of 0.25, 0.5, 1,
and 0.75 µg/kg. A total of 24 patients were treated, and MTD
was determined to be 0.75 µg/kg. Clearance of refractory
leukemia was observed in 38% of patients, 14 days after
adoptive transfer. Three patients with CRp received best donor
allogeneic transplant, with overall survival of those receiving IL15 (n=24) of 32% at 12 months. Another IL-15 agent,
ALT-803 – which is an IL-15/IL-15Rα-Fc superagonist complex,
and which includes an activation mutation in IL-15 (N72D), a
sushi domain to increase transpresentation, and an IgG1 Fc
domain to increase serum half-life and stability – has entered
clinical development. Results from a 'first-in-human' Phase I
open-label dose escalation trial of ALT-803 in patients with
relapsed hematologic malignancy after allogeneic HSCT (> 60
days) were reported at ASH 2015.14 In this study, 10 AML
patients received escalating doses of intravenous ALT-803 given
weekly. Clinical responses occurred in two patients with stable
disease 1 month after the last dose of ALT-803 and one
complete response. ALT-803 superagonist complex appears to
be a promising new therapeutic strategy for the treatment of
relapse, a major obstacle after allogeneic transplantation for
high-risk AML.
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