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Abstract

A significant proportion of adult patients with acute myeloid leukemia (AML) fail to achieve complete remission or will relapse
later on after achieving it. Prognosis for relapsed or refractory (R/R) AML patients remains discouraging, with the main curative
option still relying on hematopoietic stem cell transplant (HSCT) for those who are eligible. Beyond morphological bone marrow
and peripheral blood assessment, evaluation of patient performance status and comorbidities, as well as genetic/molecular
characterization, is crucial to make an accurate diagnosis and prognosis, which will be useful to select the most appropriate
treatment. Emerging strategies are mainly focusing on the development of immune- and molecular-based approaches. Novel
targeted therapies are generally well tolerated, potentially allowing them to be administered alone or in combination with classical
chemotherapy agents. Enrolment in clinical trials should be considered first option for R/R AML patients, either as a bridge to
HSCT or to benefit from novel therapies that eventually may prolong survival and improve quality of life. An Iberian expert panel
has reviewed the recent advances in the management of R/R AML with the aim to develop updated evidence and expert opinion-
based recommendations.
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Introduction
Jordi Sierra and Miguel Angel Sanz contributed equally to this work. Despite progress of modern chemotherapy achieved in recent
decades, prognosis of acute myeloid leukemia (AML) remains
5< Pau Montesinos discouraging, without significant improvement in long-term
montesinos_pau@gva.es outcomes. A considerable amount of patients still develops
induction failure, or relapse after attaining complete remission
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Av. Fernando Abril Martorell, 106, 46026 Valencia, Spain patients is particularly poor, a sizeable proportion can be effi-
2 CIBERONC, Instituto de Salud Carlos ITI, Madrid, Spain caciously salvaged using chemotherapy-based therapies
*  Division of Hematology/Oncology, Hospital San Pedro Alcantara, followed by allogenélc hemgtop oietic stem cell tre.msplant
Céceres, Spain (allo-HSCT) [2], particularly in younger and fit patients. In
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de Santa Maria, Centro Hospitalar de Lisboa Norte, Lisbon, Portugal for front-line or salvage intensive chemotherapy-based strate-
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¢ Servigo de Hematologia Clinica, Centro Hospitalar Universitario de Sen.t a large.AML population in which there is a Strlk.mg lack
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Definition of refractory disease has largely differed within
clinical practice protocols over the years (Table 1), which has
consequently hindered comparison of data across studies. Last
published European LeukemiaNet (ELN) guidelines define it
as failure to attain CR, i.e. a remaining blast count > 5% (by
optical cytomorphology), after two intensive induction cycles,
regardless of the schedule used in the second cycle [3]. It
should be noted that this recent consensus definition has not
been consistently used in the past, but it could be adopted in
future prospective clinical trials and observations, facilitating
comparison of clinical outcomes [4]. This definition contrasts
with the bleak diagnosis of patients who do not achieve CR or
even partial remission (PR) after a first induction cycle with
3+7 regimen [5]. In contrast, the definition of relapse has been
less heterogeneous in the past (i.e. reappearance of > 5% of
leukemic blasts in the BM or peripheral blood by optical
cytomorphology, or extramedullary infiltration, after a first
CR). Of note, relapses are frequently classified based upon
time of appearance after first CR (CR1) into early (< 6
months) or late relapse (> months) [6], but this cut-off may
vary across different studies (e.g. 12, 18 or 24 months).

Molecular genetic alterations underlying AML pathogene-
sis have established the basis for the development of targeted
therapies, which may particularly benefit R/R AML patients.
Herein, we aim to provide a broad overview of current knowl-
edge in R/R AML setting including prognostic factors, diag-
nosis and treatment strategies, with a special focus on novel
therapeutic approaches that are either used in clinical practice
or being evaluated in clinical trials. Novel therapies provide a
more personalized approach for AML treatment that may
eventually help to improve outcomes in R/R AML patients,
particularly in those with worse prognosis who are not suitable
for intensive salvage chemotherapy.

Search methodology

PubMed and Medline databases were searched for R/R AML
publications and clinical studies released until September

Table 1

2018. Ongoing clinical trials with novel therapeutics have
been extracted from ClinicalTrials.gov database (https://
clinicaltrials.gov/). Conventional chemotherapy is outside of
the scope of this review since it has been widely described in a
recently published systematic review [2].

Epidemiology

While CR is achieved in approximately 60—-80% of younger
newly diagnosed AML patients treated with intensive induc-
tion (usually 7+3 cytarabine plus anthracycline schedule) ther-
apy [12], approximately half of the younger patients and up to
90% of those elderly will experience a subsequent relapsed
[13]. Outcomes for R/R AML patients are poor, with median
overall survival (OS) of only 3 to 7 months and an estimated
survival rate at 3 years of 10% [14]. Although most relapses
occur within 1 year of remission, the rate of relapse remains
high until 3 years from remission date, when it suddenly falls
[15]. Refractoriness to 7+3 incidence ranges between 10 and
40% depending on the patient population [6], with a remark-
able increased risk in elderly patients as well as in those with
high-risk features (i.e. secondary AML, adverse cytogenetics
and molecular alterations that carry increased risk of
chemoresistance, such as 7P53 mutation and GATA2enh-
MECOM rearrangement). Although allo-HSCT remains the
approach with the greatest probability of cure in patients
achieving CR1, this procedure is not feasible for a sizable
proportion of patients (due to comorbidities, older age or lack
of suitable donor). Also, survival rates after allo-HSCT are
about 50%, and post-transplant relapse has been reported in
up to 40% of patients [16, 17]. Allo-HSCT has been further
studied as initial salvage therapy, being associated with better
prognosis in AML patients with low burden disease at diag-
nosis compared with intensive chemotherapy [18]. Since allo-
HSCT as part of the front-line therapy is now more frequently
used, those patients relapsing after an allo-HSCT represent an
emerging setting of R/R AML which calls for specific
management.

Definitions for induction failure or primary refractory AML over time

Definition

Reference

No CR or CRi after two courses of intensive induction cycles, excluding

patients with death in aplasia or due to indeterminate cause

Less than a 50% reduction in blast numbers with > 15% residual blasts after one

cycle of induction chemotherapy

> 15% blasts in the bone marrow, 2 weeks after the completion of the cycle

Persistent leukemic blasts in either the peripheral blood or the bone marrow in a

patient alive 7 days or more following treatment

< 50% blast percentage reduction following one course of intensive chemotherapy

Persistence of a significant leukemic blasts 7 days or more following high-dose cytarabine therapy

Déhner H, et al. 2017 [3]
Ferguson P, et al. 2016 [5]

Wheatley K, et al. 1999 [7]

Cheson B, et al. 2003 [8]
Doéhner H, et al. 2010 [9]

Schlenk RF, et al. 2003 [10]
NCCN Guidelines 2016 [11]

CR, complete remission; CRi, CR with incomplete hematologic recovery.
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Key points

» Failure to achieve CR1 due to chemoresistance after 3+7-
based induction is common, especially in older patients,
unfavourable genetics and secondary AML.

* Relapse after CR1 occurs frequently, and relapse after
allo-HSCT is an emerging complication.

*  Older/unfit patients failing to achieve a CR or progressing
after attenuated therapeutic approaches represent a chal-
lenging unmet medical need.

Prognosis

According to ELN guidelines and European Prognostic (EPI)
score applicable to R/R AML adults aged 15 to 60 years,
clinically relevant parameters associated with worse outcomes
are shorter relapse-free interval (RFI) after CR1, older age at
the time of relapse, unfavourable karyotype at initial diagnosis
and allo-HSCT prior to first relapse [3]. It is generally accept-
ed that patients who relapse after 12 or 18 months after CR1
fare better than earlier relapse [19, 20], but this superior prog-
nosis can be questioned in patients relapsing after 5 years
through leukemic clonal evolution, in whom results could be
poorer [21]. Recently, the impact of FLT3-ITD mutations in
R/R AML has been analyzed, revealing a correlation between
a mutated phenotype and shorter survival of patients, likely as
aresult of the lower probability to achieve a second CR (CR2)
after intensive chemotherapy in FLT3-mutated patients [2, 13,
22, 23]. Besides lower age and lack of previous HSCT,
favourable prognostic factors in R/R AML are the presence
of core-binding factor (CBF) AML at diagnosis, of biallelic
CEBPA mutations and a CR1 > 18 months [13]. Some studies
showed contradictory data about the prognostic impact of
#(8;21) and previous allo-SCT [24, 25]. While NPM1 muta-
tions seem to lose their favourable value in relapsing patients
[26, 27], CEBPA mutations remain a positive prognostic factor
at relapse [13]. A compilation of the most relevant prognostic
factors that have been identified across the available score
systems for R/R AML is shown in Table 2.

Higher frequencies of mutations in genes associated with
poor prognosis, such as FLT3, RUNXI and DNMT3A, have
been found at diagnosis in cytogenetically normal (CN) re-
lapsed patients [28]. Of these, only FLT3-ITD remains as a
negative independent factor at relapse [13, 23, 26, 27].
Interestingly, mutations in epigenetic regulators appear to re-
main stable at relapse while mutations of genes affecting sig-
nalling pathways seem to be gained/lost [28]. Given that most
of R/R AML patients harbour a different mutational profile
from the time point of initial diagnosis, and mutations in spe-
cific genes may drive disease progression through therapy
resistance, the relevance of molecular re-testing in clinical
practice is evident.

Key points

* Some validated scoring systems could be useful in the
routine clinical practice to guide therapeutic decision-
taking.

* Apart from CR1 duration, age, prior HSCT and cytogenet-
ics, molecular markers such as FLT3-ITD or CEBPA
biallelic mutations may play a role in the definition of
prognosis at R/R AML status.

* It is recommended to use reproducible definitions of re-
fractory AML as well as to describe the main risk factors
(or categorize following scoring systems) in clinical trials
of R/R AML patients.

Diagnosis and management

Considering that no standard salvage regimen for R/R AML has
been yet agreed, enrolment in clinical trials should be a priority
for these patients whenever possible [3]. Reassessment of pa-
tient fitness and cytogenetics at refractoriness/relapse should be
performed prior to trial enrolment, using approved diagnostic
tests that ultimately enable administration of the most appropri-
ate therapy to each patient. Besides myeloblast count, evaluation
of molecular markers and subsequent clonal evolution could be
recommended in the diagnostic workup for R/R AML patients
[29]. We should highlight that the screening of druggable muta-
tions is recommendable in light of the evolving strategies for the
management of R/R AML (i.e. emergence of IDH1/IDH2 in-
hibitors and second-generation FLT3 inhibitors). Thus, FLT3
and IDH mutation screening could be recommended for R/R
AML patients, even in the absence of these mutations at the
primary diagnosis (especially for FLT3 given that these are less
stable, with frequent loss or acquisition by clonal selection/evo-
lution) [30]. Current diagnostic procedures for R/R AML are
summarized in Table 3.

Intensive salvage therapies, i.e. high-dose cytarabine-based
regimens, should be primarily administered to fit R/R AML
patients with the aim to achieve disease remission (e.g. CR/
CRi) and undergo allo-HSCT (Fig. 1), which has shown to
provide the best chance of survival [23]. Nevertheless, it should
be noted that indication of a subsequent allo-HSCT could be
unfeasible or even controversial in many patients, such as those
on borderline age or clinical condition, or very late relapses with
favourable genetics [3]. Attenuated approaches, i.e. low-dose
cytarabine (LDAC) or hypomethylating agents (HMAs), could
be considered for unfit R/R patients, but also as second or be-
yond salvage therapy for younger/fit subjects [31]. In this regard,
available data shows that a CR can be achieved in a higher
proportion of patients after intensive salvage approaches, al-
though median OS is not clearly improved compared to attenu-
ated salvage regimens [2, 32]. In contrast, studies with HMAs

@ Springer



Ann Hematol (2019) 98:2467-2483

2470

dnoi3 Apmis 7y uelensSNy-UBWION ‘OSTVY BISO[0JeWH Ud sojudreel], op [ouedsy eweidold ‘VAFHLAJ ‘SueS np SoIpe[ejy sanny sap 19
SAIWAINIT SP 357 15N 2dnoID) ‘S 770D ‘dnoin) 2A1RIOqR[[0)) YoIBaSaY Jodue)) [eorur])) Joj dnoin) ssimg “yyys ‘dnoin aaneradoo) A3ojoouQy-oyewoH ueid[og-yong ‘NOAOH ‘[eAlul da1-osdefar
‘[ 4y "SOBAUST0}A0 UMOWUN PUE J[EINOABIUN “DJBIPAULISIUL ‘TEULION , “(]T8)7 + YSH Y31y ‘Ojerpauisyul ‘(91 Aur) 2dAI0AIeY JSL MO] :SoBUT0IA0 JHIN PAIPON 15 "0 10T FPBAWLD “DYIN 03 SUIPI0dV

(%8T “L5?) 0 < = Kqeqoxd rgD/AD YSH
(% 1+ “69¢) 0 Aqeqoxd RIDAYD SyeIpauLIsu]
(%1€ “187) 0 > Aniqeqoxd RID/AD MO

(%Sb *s8) 11-L sisousoid 1004
(%0€ ‘LS) 96 sisoudoid ajerpawaiu]
(9%ST “8p) p—1 stsougoxd poony

(%€ ‘€p) € 10 TISU YSIH

(%11 ‘PS) T S AeIpawoIu]
(%LT ‘9€) 0 NSU S[qeINOAR,]

(%99 ‘Stb) ¥1-01 AU YSIH
(%ST *$91) 6L st dyerpawdju]
(%6 “LS) 9—0 dSH 9[qeImoae

(9 ‘u) 21008
Paje[no[eds 0} JuIpiodde

SOL1039)e0 JSU JO uonIuyaq

I SOA - uonemul v/ g7 Sl°erd
0 ON
I- SOA C SOA I SOA - - ALll-er1d
I ON 0 ON
0 J1ud3o[ Y 4 o1u30[ Y
- - I snogojony - - z snogojony juejdsuen (o0 wo)s J0Lg
C Sv <
I St—9¢
- - - - - - 0 9¢ > (s19K) osdefor e 93y
4 #xOSIOAPY S xPY0
I- SO1}OUF0)40 ISLI-OSIOAPY z 4% 9JRIPOULISIU] € (1781
I TAV-19D 0 459[qRINOAR,] I So10ua30)A0 YSU-YSIH 0 (91)Aur SISOUSEIP J& SO1UAZ0IAD)
7 K1opeyoy S 9>
0 < € 81-L
So+ 81 < 4 > I > 0 8l < (sypuown) 149
sjurod QINSeIIN syurod QmseslN  SjuIog QISEaIN syurod QIseaIN

(s1ed4 (08-81) L06 = U
[€1] 21008 DSTAV

(sxeak 9/,-971) 061 = u
[92] 21008 VINHH.LAd

(s1eahk 0L—61) el = U
[L2] 21008 SWVTAOD

(sreak 09—G1) L99 = u
[61] 21008 IVS-NOAOH

10)08,]

swo)sAs Jur10os padojoaap uo paseq TNV ¥/ 10F sI0)oef onsoudorg

9|qeL

pringer

Qs



Ann Hematol (2019) 98:2467-2483

2471

Table 3

Diagnostic tests/procedures for R/R AML according to ELN guidelines 2017 [3]

Morphology (cytomorphology
and histopathology)

Molecular genetic testing
(RT-qPCR, NGS*)

Performance status

Cytogenetics (karyotyping, FISH)

Additional procedures to be considered

* Bone marrow blasts > 5% (an aspirate is mandatory, biopsy as clinically indicated)

* Reappearance of leukemic blasts in the blood

* Development of extramedullary disease (biopsy of suspected site of relapse; CT scan or
lumbar puncture to be performed only if clinical suspicion of involvement or site
infiltration at primary diagnosis)

* CBF rearrangements, NPM1, CEBPA mutations (define prognosis and disease
category, in contrast with secondary AML)

¢ FLT3 mutations (ITD including allelic ratio, associated with poor prognosis, and TKD
mutations, potential use of targeted therapy with second-generation FLT3 inhibitors)

¢ IDHI1 and IDH2 mutations (potential use of targeted therapy with first-generation IDH inhibitors)

¢ TP53 mutations (associated with poor prognosis, potential resistance to MDM?2 inhibitors)

* ECOG performance status

¢ HCT-CI score (for potential candidates for a subsequent allo-SCT)

* Rearrangements (translocations, inversions)

* Gene fusions

* Chromosomal gains/loses

++ Immunophenotyping (MFC)

%+ Sensitivity assessment of response (RT-qPCR)

%+ Eligibility assessment for allogeneic HSCT

*This technique has not been widely implemented yet. NG, next generation sequencing; R7-gPCR, reverse transcription quantitative polymerase chain
reaction; FISH, fluorescence in situ hybridization; MFC, multiparameter flow cytometry; HSCT, human stem cell transplant; ECOG, Eastern

Cooperative Oncology Group; /7D, internal tandem duplication; 7KD, tyrosine kinase domain

used in monotherapy yielded a CR of 16%, with median OS
comparable with intensive salvage approaches for high-risk R/R
AML patients (OS of 6.7 months) [33]. Accordingly, less inten-
sive therapies such as HMAs and LDAC are recommended in
the NCCN Guidelines for elderly unfit patients with R/R AML
who are not eligible for intensive chemotherapy, to control dis-
ease progression and minimize treatment-related mortality [31].

Fig. 1 Treatment algorithm for
patients with R/R AML. ADC,
antibody drug conjugate; ENA,
enasidenib; HMA,
hypomethylating agents; IVO,
ivosidenib; LDAC, low-dose
cytarabine; MRD, minimal resid-
ual disease. The asterisk indicates
best supportive care

Intensive salvage
chemotherapy

Patient with relapsed/refractory AML

/"\

Key points

* Enrolment in clinical trials should be a priority for R/R
AML patients whenever possible.

» Reassessment of patient fitness, conventional cytogenetics
and molecular genetic testing (e.g. FLT3 and IDH1/2) are
recommended for the diagnostic workup.

» Despite intensive salvage therapy aimed at achieving dis-
ease remission followed by an allo-HSCT is the main cu-
rative strategy for younger/fit R/R AML patients, those

Evaluation
* Prognostic scoring systems
» Cytogenetics
* Molecular analysis

Unfit

« LDAC
*« HMA

Clinical trial for
unfit patients

Cllnlcal trial

« Hydroxyurea*

Allo-SCT

Targetable mutations

MRD-driven

* FLT3+ (Midostaurin)

Maintenance
* IDH2+ (Enasidenib)

therapy

intervention
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who carry FLT3 mutations are currently able to benefit of
more effective and less toxic novel agents, such as FT3
inhibitors quizartinib and gilteritinib.

Intensive therapy and allo-HSCT

Current intensive chemotherapy approaches involve the use of
cytarabine (Ara-C) in high or intermediate dose (HiDAC,
IDAC, respectively), either in monotherapy or combined with
other agents, such as (i) anthracyclines (daunorubicin (Dau),
idarubicin (Ida), mitoxantrone (Mito), amsacrine (Amsa)) and
(ii) purine analogues (fludarabine, cladribine, clofarabine). A
third agent can be also added to the combination of Ara-C +
Mito, such as etoposide (MEC regimen) or gemtuzumab
ozogamicin (MIDAM regimen). The granulocyte-colony
stimulating factor (G-CSF) is frequently administered in com-
bination with Ara-C + fludarabine (FLAG or FLAG-Ida) or
Ara-C + cladribine (CLAG).

ELN recommended the following salvage regimens: IDAC
with or without an anthracycline (Dau, Ida or Mito), FLAG-
Ida and MEC [3].

None of the salvage conventional agents have rendered
outstanding OS rates (recently reviewed by Megias-Vericat
et al., although some regimens have shown acceptable results
in terms of weighted mean CR rates: Ara-C + Amsa (54.3%),
MEC (52.5%), MIDAM (59.4%), FLAG (53.5%), CLAG
(45.5%), FLAG-Ida (52.9%) and Ara-C + clofarabine
(44.2%) [2]. Despite achieving disease remission (CR2) after
salvage chemotherapy, the decision to undergo HSCT relies
on the risk-benefit ratio, which depends on patient perfor-
mance status, cytogenetics and molecular genetic features as
well as inherent transplantation factors. R/R AML patients
with unfavourable cytogenetics (e.g. complex karyotype with
TP53 mutation) and those with FLT3-ITD mutations (espe-
cially if allelic ratio > 0.51) show disappointing outcomes in
spite of performing an allo-HSCT in > second CR, while it is
not recommended in patients with > 25% blasts in bone mar-
row [6] or peripheral blood blasts before conditioning [34].
Among novel conditioning regimens to improve transplant
outcomes, sequential regimen of FLAMSA (i.e. fludarabine,
Amsa and Ara-C) followed by reduced-intensity conditioning
(RIC)-HSCT has shown encouraging results in R/R AML
patients with active disease [35]. However, these data need
to be confirmed in well-designed clinical trials, the goal re-
maining to achieve a new CR before conventional allo-HSCT.

Several recent retrospective studies have consistently
shown the prognostic relevance of minimal residual disease
(MRD) before allo-HSCT [36-38]. Although these studies
analyzed the impact of MRD by different techniques [39],
which generally lack standardization, a striking negative im-
pact of MRD “positivity” was observed [40]. However, there

@ Springer

are no studies indicating that additional pre-HSCT interven-
tions to turn this MRD into “negative” are valuable (e.g. ad-
ditional chemotherapy, HMAs, targeted therapy or others).

Key points

» Although there is no standard salvage chemotherapy reg-
imen, some could result in better CR rates (e.g. MIDAM-
GO, Ara-C + Amsa, FLAG/FLAG-Ida or MEC).

» Retrospective studies are showing the prognostic relevance
of MRD status before allo-HSCT. However, MRD positive
status before allo-HSCT does not preclude its indication.

Management of AML relapsing
after allo-HSCT

AML patients relapsing after allo-HSCT, performed either
during CR1 or CR2, represent a special subset with particu-
larly poor outcomes. Of note, 3-year OS appears to increase as
time from HSCT to relapse increases, being estimated at 4%,
12%, 26% and 38% for relapses within 1-6 months, 6 months
to 2 years, 2 to 3 years and > 3 years after HSCT, respectively
[3]. To achieve a new CR, administration of chemotherapy
along with donor lymphocyte infusion (DLI) has demonstrat-
ed better efficacy than chemotherapy alone [3]. Second allo-
HSCT (HSCT2) can be considered when CR is achieved after
relapsed-HSCT, although outcomes are poor and treatment-
related mortality rate can reach 42% [3]. Recently, DLI and
allo-HSCT2 were compared in 418 post-allograft relapsed
AML patients (< 60 years) showing similar survival rates with
both treatments, but highlighting that better outcome relied on
the achievement of CR before HSCT2/DLI or emergence of
relapse > 6 months from HSCT1 [41].

Craddock et al. showed that an increased risk of early re-
lapse appears to be associated with adverse-risk karyotype and
FLT3-ITD mutations, whereas late relapse correlates with the
absence of NPM1 mutation and chronic graft-versus-host dis-
ease (GvHD) [18]. These observations provide insights for the
design and application of novel strategies aimed at reducing
the risk of relapse after transplant. To this regard, small mol-
ecule FT3 inhibitors, such as sorafenib, have shown promising
results for patients in the post-transplant setting, thus
prompting currently underway clinical trials in FLT3-ITD+
R/R AML as maintenance therapy [42]. A recent study sug-
gested that early tapering of immunosuppressive agents al-
lows for strengthening graft-versus-leukemia (GVL) effect,
which results in reduced relapse rates and durable remissions,
thereby improving AML patients’ survival after allo-HSCT
[43]. Mechanisms of relapse after allo-HSCT could be mostly
related to the loss of immunosurveillance exerted by donor
immune cells as compared with clonal evolution of AML
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cells, commonly observed in patients relapsing after chemo-
therapy [44]. This observation would reinforce the search of a
novel allogeneic immune platform as part of salvage strategy
to achieve a durable response.

Key points

* AML patients relapsing after allo-HSCT represent a spe-
cial subset, with poor outcomes and limited therapeutic
options.

» Some studies suggest better outcomes when intensive or
attenuated salvage chemotherapy is followed by DLI or a
subsequent allo-HSCT.

* Novel strategies aimed at reducing the risk of overt hae-
matological relapse after allo-HSCT should be explored,
especially for patients at high risk of relapse (e.g. FLT3-
ITD mutated or MRD positive).

Novel approaches

Efforts made during the last decades to understand the com-
plexity underlying AML molecular mechanisms have gener-
ated an impressive progress towards the development of more

Immunotherapies
v\, ™. Antibody-drug
N\ N\ *conjugate

=Y

—

les]
=

Anti PD-1/
PD-L1

PD-L1

Fig. 2 Mechanism of action of novel therapies in the AML cell. BET,
bromodomain and extraterminal proteins; BiTE, bispecific T cell engager;
CART, chimeric antigen receptor T cell; CTLA-4, cytotoxic T-
lymphocyte associated protein 4; DOTIL, disrupter of telomere
silencing-1 like; FLT3, fms-like tyrosine kinase 3; HDAC, histone

specific and effective treatments. Targeted therapies are
antibody-mediated or molecular-based strategies with distinct
mechanisms of action (Fig. 2), that are used either in combi-
nation with traditional chemotherapy or as single agents. In R/
R AML setting, these novel approaches have been intensively
evaluated and numerous clinical trials are currently ongoing
(Tables 4 and 5).

FLT3 tyrosine kinase inhibitors: Fms-like tyrosine kinase 3
(FLT3) activating mutations occur in 35% cases of AML,
mostly as internal tandem duplications (ITD, 25%) but also
as point mutations in the TK domain (TKD, 10%) [13]. FLT3-
tyrosine kinase inhibitors (TKIs) are categorized based on
their mechanism of action into type I (midostaurin, gilteritinib
and crenolanib), that target all FLT3-mutated cells and bind to
active/inactive kinases, and type II (sorafenib, quizartinib and
ponatinib), that target ITD+ cells but not TKD+ and binding
inactive kinases [45]. Besides, FLT3-TKIs are classified into
first generation of less specific FLT3 inhibitors (sorafenib,
lestaurtinib, sunitinib and midostaurin), or second generation
of selective and potent inhibitors (quizartinib, gilteritinib,
crenolanib and ponatinib) [46].

First-generation inhibitor sorafenib, administered along
with chemotherapy in phase 1/2, showed reduction of

Mitochondrial inhibitors

IDH inhibitors

FLT3 inhibitors

Epigenetic
modifiers

- Vosaroxin
CPX-351

Cytotoxic agents

deacetylase; HMA, hypomethylating agents; IDH, isocitrate dehydroge-
nase; LSD1, lysine-specific demethylase 1; MDM2, murine double min-
ute 2; PD-1, programmed-death 1; TCA, tricarboxylic acid; XPO,
exportin 1

@ Springer



2474

Ann Hematol (2019) 98:2467-2483

Table 4 Phase 1 and 2 clinical trials with novel therapies in R/R AML (active/recruiting status)

Drug Study number Study design
PK inhibitors
FLT3 inhibitors Crenolanib NCT02400281; NCT01657682 Combined with standard chemotherapy
(Ida/AraC, MEC or FLAG-IDA)
or Aza; single agent
Sorafenib NCT03622541 Single agent in R/R to chemotherapy or SCT
Ponatinib NCT01620216 In vitro kinase inhibitor panel to
select the best targeted therapy
Quizartinib NCT03661307; Combined with decitabine; with
NCT01892371 Aza or AraC
Midostaurin NCT00819546 Combined with everolimus
Gilteritinib
Immunotherapy
CD33-targeted antibody GO NCT03374332; Followed by DLI; in combination
drug conjugates NCT02221310% with chemotherapy followed by SCT
IMGN779 NCT02674763 Dose-escalation (monotherapy)
BI836858 NCT03207191 Single agent after relapsed SCT
BIiTE® CD33 AMG330 NCT02520427 FIH: safety, tolerability, PKPD
CD38-targeted antibody Daratumumab NCT03067571 Efficacy and safety as single agent
CD45-targeted antibody BC8 NCT03670966 Dose-escalation combined with
conjugated with Ytrium chemotherapy previous to allo-SCT
CD123-targeted antibody IMGN632 NCT03386513 Dose-escalation (monotherapy)
drug conjugates XmAb14045 NCT02730312 Safety and tolerability
Immune checkpoint inhibitors Avelumab NCT02953561 Combined with Aza
Nivolumab NCT02397720 Combined with Aza with/without ipilimumab
Pembrolizumab NCT02845297; NCT02996474 Combined with Aza; with decitabine
Ipilimumab NCT02890329 Combined with decitabine for relapsed
after SCT/chemotherapy or refractory
to chemotherapy
Adoptive cell transfer NK cells NCT03050216%; Haploidentical NK cells; anti-CD33
NCT02944162; NCT02316964 CAR-NK; haploidentical infusion
after decitabine
CART NCT02159495%; . CDI123-CART; CD123/CLL-1-CART;
NCT03631576%; NCT03126864™ CD33-CART
DLI NCT02017457 Combined with Aza and administered
after SCT
Epigenetic modulators
Hypomethylating agents Azacitidine NCT00766116™, NCT02275663 Combined with GO; with FLAG
Decitabine NCT03063203 Single agent in TP53-mutated patients
Guadecitabine NCT02684162 Combined with DLI in relapsing
post-allogeneic SCT
Inhibitors of BET proteins FT-1101 NCT02543879 Alone or in combination with Aza
GSK525762 NCT01943851 Dose-escalation (monotherapy),
safety and PKPD
Epigenetic modulators
Histone deacetylase inhibitors Panobinostat NCTO01451268; NCT02676323° Combined with standard
immunosupressive therapy after
SCT; with fludarabine + AraC
Vorinostat NCT03263936° Combined with decitabine before
and during chemotherapy
with FLAG
Entinostat NCTO01305499% Combined with Aza
IDH inhibitors Enasidenib NCT01915498

@ Springer



Ann Hematol (2019) 98:2467-2483

2475

Table 4 (continued)

Drug Study number Study design
Dose-escalation (monotherapy),
safety and PKPD in
IDH2-mutated patients
Ivosidenib NCT02074839 Dose-escalation (monotherapy),
FT-2102 safety and PKPD in
IDH1-mutated patients
Mitochondrial inhibitors
CDK inhibitors Alvocidib NCT03441555; NCT03563560; Combined with venetoclax (PKPD);
NCT02520011 with CM or CD; with CM
with/without alvocidib
HDM2012
Dinaciclib NCT03484520 Combined with venetoclax (PKPD)
MDM2 inhibitors Milademetan NCT03634228; NCT03552029 Combined with LDAC; with quizartinib
BCL-2 inhibitors Venetoclax NCT03194932%; NCT03404193; Combined with chemotherapy
NCT03214562; NCT03625505 (pediatric); with decitabine;
with FLAG-Ida; with gilteritinib
AMG-176 NCT02675452 FIH: dose exploration and safety
Inhibitors of nuclear export Selinexor NCT02416908"; NCT02249091; Combined with intensive chemotherapy:
NCT03071276° CLAG; AraC + Ida; AraC + fludarabine
Chemotherapy
Inhibitors of DNA synthesis CPX-351 NCT02019069%; NCT01943682° Monotherapy in R/R after HMA

therapy; safety and PK in children

®Inclusion of patients > 65 years, §Mainly in children and/or young adults < 24 years. FI/H, first in human; FLAG, fludarabine, cytarabine, G-CSF
(granulocyte-colony stimulating factor); /da, idarubicin; CM, cytarabine + mitoxantrone; CD, cytarabine+daunorubicin; LDAC, low-dose cytarabine;
CLAG, cladribine, G-CSF, cytarabine; GO, gemtuzumab ozogamicin; DLI, donor lymphocyte infusion; AraC, cytarabine; Aza, azacitidine; SC7, stem

cell transplant

leukemic burden in R/R AML ITD+ patients [47]. Its combi-
nation with azacitidine and DLI has shown promising efficacy
as salvage therapy for relapse post-HSCT, but well-designed
studies are needed to confirm the potential benefit of this
combination [48]. Midostaurin treatment as single agent in
phase 2 studies resulted only in a reduction of peripheral blasts
in R/R patients with FLT3 mutations (ITD and TKD) [49], and
an overall response rate (CR+CRi+PR) of 33% when com-
bined with azacitidine [50].

Encouraging outcomes have been shown from phase 1/2
studies conducted in R/R AML ITD+ patients with the
second-generation inhibitor quizartinib, with CR/CRi rates
of nearly 50% [51] and roughly one-third of younger patients
bridging to HSCT [52]. Combined with azacitidine or LDAC,
quizartinib therapy showed a 73% CR/CRi rate [53], while its
use as single agent to prevent relapse post-HSCT was shown
tolerable [54]. Gilteritinib clinical responses in R/R patients
(phase 1/2 studies) occurred independently of ITD or TKD
mutations but reached higher CR/CRi rate among ITD+ pa-
tients (60—62%) [55, 56]. Subsequently, the FDA accepted the
new drug application of gilteritinib to treat FLT3-mutated R/R
AML. Final results of quizartinib and gilteritinib phase 3 trials
NCT02421939 and NCT02039726, respectively (Table 5),
have been recently released. Compared with salvage

chemotherapy, these potent FLT3 inhibitors showed a
favourable safety profile with higher response rates and sig-
nificantly longer survival of FLT3-mutated R/R AML patients
[57, 58].

Crenolanib and ponatinib are second-generation inhibitors
that could tackle the problem of resistance to previously de-
veloped TKIs [44]. As single agent, crenolanib produced CR/
CRi rates of 62% in FL3-TKI naive patients [59], whereas,
when combined with chemotherapy, CR/CRi was reached in
66% of patients failing < 2 therapies [60]. Phase I trial with
ponatinib in refractory patients suggested early clinical effica-
cy in those ITD+ [61] and in animal models with resistance to
quizartinib [62], which led to a subsequent phase 2 trial
(Table 4).

Antibodies and immunotherapies: CD33-antibody drug con-
jugate (ADC) gemtuzumab ozogamicin (GO) was withdrawn
from the market in 2010 but it has been re-approved by the
FDA in 2017 for R/R CD33+ AML patients using a lower-
dose fractionated regimen [63], and several phase 1/2 trials are
currently underway (Table 4). CD33-ADC vadastuximab
talirine, which was designed to overcome cytotoxic off-
target activities of GO [64], demonstrated a safe profile and
single-agent activity in R/R AML but a subsequent
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randomized front-line phase 3 trial in elderly had to be closed
due to increased fatal infections [65]. First in human (FIH)
trials for IMGN779 (a novel CD33-ADC) and AMG330 (a
CD3/CD33- Bispecific T cell engaging [BiTE] antibody) have
recently started (Table 4), based upon high selectivity and
robust efficacy against leukemic cells revealed in preclinical
studies [66—68].

The finding that CD123 is differentially expressed on AML
stem cells in comparison with normal hematopoietic cells [69]
led to the development of CD123-ADC. Recently, several of
these ADC have entered clinical phases based upon encourag-
ing preclinical outcomes [70-72]. A phase 1 safety trial with
IMGNG632 has already finished, while similar trials with SGN-
CD123 and XmAb14045 are still ongoing (Table 4).
Flotetuzumab, a CD123 x CD3 dual-affinity re-targeting
(DART®) molecule, has shown encouraging anti-leukemic ac-
tivity in phase 1, with durable responses in R/R AML patients.
In vitro data supports the combination of flotetuzumab and anti-
PD-1 monoclonal antibody MGAO12 to potentially enhance T
cell-mediated cytotoxicity against leukemic cells [73].

Therapeutic blockade of immune checkpoint pathways has
become a potentially active approach to enhance the anti-
leukemic immune response. Therefore, novel antibodies
targeting immune checkpoint inhibitors, such as programmed-
death 1 (PD-1) receptor, PD-1 ligand (PD-L1) and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4), have been de-
ployed [67]. Moreover, synergism between these inhibitors
and HMAs was reported [74] and subsequent phase 1/2 studies

are being conducted in elderly unfit R/R AML patients
(Table 4).

Consolidation therapy with haploidentical NK cell infusion
has shown to be a safe and feasible approach to reduce the risk
of relapse post-HSCT in poor-prognosis patients [75], foster-
ing the GVL effect [74]. However, these preliminary results
should be confirmed in well-designed clinical trials.
Administration of donor lymphocyte infusion (DLI) along
with chemotherapy at relapse post-HSCT has shown to in-
crease both CR and OS rates compared with chemotherapy
alone, especially in female patients with favourable karyotype
and low disease burden [76]. Phase 1/2 studies in R/R AML
patients with both NK cell and lymphocyte infusion strategies
are ongoing (Table 4). An ongoing phase | study with
lentivirally transduced CD123-chimeric antigen receptor
(CAR) T cells has shown a clinical response in 83% of re-
lapsed patients [77]. Given that human C-type lectin-like
molecule-1 (CLL-1) is highly expressed in leukemic stem
cells but absent in hematopoietic stem cells [78], a dual-
targeted CD123/CLL-1 CART approach is currently being
explored (Table 4).

Epigenetic modulators: Hypomethylating agent (HMA)
azacitidine has shown significant clinical activity in R/R setting,
with possible achievement of CR but a relatively short remis-
sion duration [79]. Current clinical trials are therefore pursuing
an increased and durable efficacy through its combination with
other agents, such as HDACs (panobinostat, vorinostat,

Table 5 Main phase 3 clinical trials with novel therapies in R/R AML
Drug Study number Study design
PK inhibitors
FLT3 inhibitors Crenolanib NCT02298166 Combined with standard chemotherapy (CM)
NCT03250338% Administered following salvage chemotherapy
(FLAG-Ida or HAM)
Gilteritinib NCT03182244 Compared with salvage chemotherapy (LDAC, MEC, FLAG)
NCT02421939 Compared with salvage chemotherapy (LDAC, MEC, FLAG-Ida)
Quizartinib NCT02039726 Compared with salvage chemotherapy (LDAC, MEC, FLAG-Ida)
Immunotherapy
CD33-targeted antibody GO NCT00049517 Following high-dose or standard daunorubicin,
drug conjugates compared with HDAC, prior to autologous SCT
Epigenetic modulators
Hypomethylating agents Guadecitabine NCT02920008 Compared with high- (HDAC, MEC, FLAG-Ida)
or low-intensity (LDAC, Aza, Dec) chemotherapy or BSC
IDH2 inhibitor Enasidenib NCT02577406™ Combined with BSC, compared with low-intense
regimens (Aza, LDAC, IDAC)
Mitochondrial inhibitors
MDM2 inhibitor Idasanutlin NCT02545283 Combined with AraC, includes wt and TP53 mutated patients
BCL-2 inhibitor Venetoclax NCT02670044 Combined with idasanutlin versus cobimetinib

®Inclusion of patients > 65 years. BSC, best supportive care; AraC, cytarabine; /DAC, intermediate-dose AraC; Dec, decitabine; FLAG, fludarabine,
cytarabine, G-CSF (granulocyte-colony stimulating factor); /da, idarubicin; CM, cytarabine + mitoxantrone; HAM, high-dose AraC + mitoxantrone;
LDAC, low-dose AraC; GO, gemtuzumab ozogamicin; Aza, azacitidine; SCT, stem cell transplant
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entinostat), immunotherapeutic, chemotherapeutic and targeted
agents (Table 4). Single-agent decitabine showed 21% CR/CRi
rate in R/R AML patients, allowing 44% of them to perform a
subsequent HSCT [80], although a lower response rate (16%)
has been recently reported in real-life patients [33].
Guadecitabine is a “second-generation” HMA designed to pro-
tect decitabine from intracellular degradation, and its adminis-
tration following induction chemotherapy has resulted in 23%
CR rate and 1- and 2-year survival of 28% and 19%, respec-
tively [81]. A phase 3 trial with guadecitabine versus treatment
of choice for adult R/R AML patients recently achieved its
enrolment goal (Table 5).

Bromodomain and extraterminal (BET) inhibitors, which
repress transcription of oncogenic c-MYC [82], have recently
entered clinical phase trials (Table 4). Despite their encourag-
ing in vitro activity, they appear to generate early resistance
[83] and combination strategies should be therefore devised.
Lysine- specific demethylase 1 (LSD1) inhibitor ORY-1001
demonstrated a potent and selective activity in preclinical
studies as a single agent, producing blast cell differentiation
in 64% of treated R/R AML patients [84]. Another LSD-1
inhibitor, GSK2879552, has been evaluated in a dose-
escalation phase 1 trial with R/R AML patients [85], but this
study terminated because of the poor risk/benefit ratio
obtained.

Despite its poor activity and inadequate safety in elderly R/R
AML patients [86], the histone deacetylase (HDAC) inhibitor
panobinostat might be effective mitigating GvHD in high-risk
patients, as shown by the low relapse rate observed in prelimi-
nary results from a phase 1/2 trial [87]. Preclinical evidence
supporting synergy between HDAC inhibitors and HMAs [88]
led to vorinostat evaluation combined with decitabine, achieving
35% CR in young R/R AML patients [89]. This combination is
being further evaluated along with FLAG chemotherapy, while
novel HDAC inhibitor entinostat is being tested combined with
azacitidine (Table 4). Disrupter of telomere silencing 1-like
(DOTIL) inhibitor pinometostat, in early clinical development
for R/R AML patients harbouring KMTA2A (MLL)-rearranged
target genes [1], has shown acceptable safety with transient blast
reduction in children, although clinical response was only
attained in 12% of adult subjects [90].

Isocitrate dehydrogenase (IDH) mutations occur in roughly
15-20% of AML patients [14], and IDH inhibitors enasidenib
and ivosidenib have shown promising activity as single agents
with CR/CRi plus PR rates of 40% and 36%, respectively
[91]. Both inhibitors have shown to be safe and well tolerated.
Ivosidenib produced durable and even molecular remissions
[92] while enasidenib induced differentiation and maturation
of myeloblasts without affecting normal cells [93]. Enasidenib
was approved by FDA in 2017 for R/R AML patients with
susceptible IDH2 mutation and ivosidenib received approval
in July 2018 for those carrying IDH1 mutation. An ongoing
phase 3 trial is evaluating enasidenib versus conventional care

regimens in IDH2-mutated elderly R/R AML patients
(Table 5).

Mitochondrial inhibitors: Alvocidib (Flavopiridol) is a
CDKN?2/9 inhibitor producing tumour lysis syndrome and
blast clearance as a single agent for R/R AML [94, 95]. The
timed-sequential therapy FLAM (alvocidib [96] followed by
Ara-C continuous infusion and Mito) was developed after
preclinical observations of increased Ara-C-induced apoptosis
by alvocidib [97]. FLAM treatment resulted in CR rates of
36% in R/R AML [98], and preliminary results from a phase
2 trial have revealed outstanding CR in 75% refractory pa-
tients showing MCL1 dependency (44% of them proceeding
to HSCT) [99].

Murine double minute 2 (MDM2) inhibitors, such as
idasanutlin and milademetan, could restore p53-mediated ap-
optosis pathways in leukemic cells [100]. Idasanutlin has
shown promising response rates in early phase studies [101]
and it is being further explored as salvage therapy in
combination with IDAC (Table 5). The BCL-2 antagonist
venetoclax displayed moderate activity as single agent [85,
102], although its combination with low-intensity therapy
has demonstrated to be a feasible salvage option, particularly
in patients with diploid/intermediate cytogenetics, RUNXI
and/or IDH1/2 mutations [103]. The combination of
venetoclax with HMAs achieved 21% CR rate, whereas pre-
liminary data of the association to FLAG-Ida regimen has
shown 74% [104]. Based on their synergistically anti-
leukemic activity [105], venetoclax and CDKN2/9 inhibitors
(dinaciclib and alvocidib) are currently combined in
clinical trials (Table 4). Recently, the myeloid cell
leukemia-1 (MCL-1) inhibitor AMG176, with promising
anti-tumour activity in animal models [106], has entered
FIH trials (Table 4). Through release of tumour suppres-
sor proteins from the nucleus, selinexor, a selective in-
hibitor of exportin 1 (XPO1), is relatively safe as single
agent [107] and apparently tolerable in combination with
HiDAC/Mito in R/R AML patients [108]. It is being tested
in combination with intensive chemotherapy regimens in
phase 1/2 trials (Table 4).

Chemotherapeutic agents: Novel chemotherapy approaches re-
ly on the improvement of AML induction therapy backbone, i.e.
traditional 7+3 regimen. Combination of Ara-C and vosaroxin, a
non-anthracycline quinolone derivative, has resulted in increased
and durable remission rates compared with IDAC alone, espe-
cially in patients aged more than 60 years old [109, 110], but the
randomized phase 3 trial failed in its primary endpoint of OS (p =
0.06). The liposomal formulation of Ara-C and daunorubicin
(CPX-351) has demonstrated increased efficacy in ani-
mal models [111], but only slightly higher CR com-
pared with conventional 7+3 (37% vs. 32%) in R/R
AML studies [112].
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Key points

» Targeted therapies, such as FLT3 and IDH inhibitors, have
shown a striking activity as single agents in FLT3 or IDH-
mutated R/R AML patients; thus, they could be valuable
and broadly available options in this setting.

*  Immunotherapies and mitochondrial inhibitors, alone or in
combination, constitute promising strategies under
development.

Conclusions

There is a lack of valuable information about the characteris-
tics and outcomes of R/R AML in the real-life population
since information derived from phase 1 to 3 clinical trials (or
from collaborative group registries in the context of protocols)
is generally focused on < 60-year-old patients treated with a
selected salvage regimen. Intensive chemotherapy has provid-
ed the greatest benefit in R/R AML to date and it is therefore
unlikely that current targeted therapies may replace standard
cytotoxic drugs in the short term. Nevertheless, some targeted
therapies and novel agents targeting alternative mechanisms
of action could increase the anti-leukemic efficacy when com-
bined with conventional chemotherapy, while maintaining an
appropriate safety profile. Targeted therapies, either as single
agents or in combination, could offer a unique treatment op-
portunity for specific AML patient populations. Targeted
agents could play a role in post-transplant setting, and recent
studies aimed at reducing the risk of relapse after HSCT em-
phasize the importance of both maintenance strategies and
early interventions, triggered by measurable residual disease
evaluation in high-risk patients. The emergence of some new
effective therapies may change the diagnostic approach to R/R
AML, leading to the inclusion of a systematic screening for
some druggable mutations (e.g. IDH and FLT3) and potential
biomarkers of response to some of these novel agents in the
current practice.

Clinical trial enrolment should be considered first option
for all subsets of R/R AML patients using appropriate study
designs and therapeutic approaches, according to a previously
defined patient profile based upon performance, cytogenetic
and molecular testing.
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