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Introduction
Acute myeloid leukemia (AML) is a heterogeneous group of pri-

mary hematopoietic neoplasms arising primarily from cells committed 
to the myeloid line of cellular development. Although the response to 
treatment and overall prognosis is variable, dependent on several pa-
tient and tumor specific factors as age, performance status and karyo-
type, 30 – 50% of patients with newly diagnosed AML will fail to attain 
a complete remission (CR) with intensive chemotherapy. Additionally, 
up to 50% of patients who initially achieve a CR subsequently develop 
relapsed or refractory AML (r/r AML), notably in elderly populations. 
These patients generally have a poor prognosis. 

The first line of treatment and current standard of care for these 
patients remains enrollment in a clinical trial. In new onset AML, as 

in r/r AML, the therapy which provides the best chance for cure is an 
allogenic hematopoietic stem cell transplantation [HCT].  As such re-
mission reinduction involves the selection of the most active and least 
toxic regimen that can achieve disease control and enable prompt HCT. 

Novelty statement
-	 Navigating the myriad treatment options available to patients with relapsed/refractory AML can paint a confusing picture. This review provides a broad framework 

to understand the current management of remission-reinduction in relapsed/refractory AML (r/r AML). 

-	 The numerous chemotherapeutic regimens available to patients in the r/r AML setting for remission-reinduction are elaborated, compared and contrasted, so 
that readers can better understand how informed treatment decisions are made by appreciating the nuances that guide these decisions. To this end, a focus on the 
mechanism of action of common agents employed and their toxicities is also discussed.

-	 Targeted therapies employed in specific AML populations are also reviewed similarly and help provide a framework to understand the options available to r/r 
AML patients and those specific populations that are most likely to benefit from them

-	 A brief overview is also provided regarding select immunotherapeutic options that are also being actively investigated in the management of r/r AML

Abstract
Introduction: Acute myelogenous leukemia [AML] is a heterogenous group of primary hematopoietic neoplasms arising from myeloid precursor cells.  Up to 50% of 
patients failed to achieve remission with initial therapy and go on to develop relapsed/refractory AML [R/R AML]. Current standard of care remains enrollment in a 
clinical trial in view of the paucity of evidence surrounding it clearly superior treatment modality, and the therapy which provides the best chance for cure is allogeneic 
hematopoietic stem cell transplantation [HSCT], with much of everyday clinical decision-making in R/R AML surrounding the choice of the least toxic regimen 
that could achieve remission-reinduction and enable prompt HSCT.

Discussion: We discuss in this contemporary review a wide variety of treatment modalities currently employed in order to achieve this goal.  Traditional cytotoxic 
chemotherapeutic agents such as cytarabine, fludarabine and daunorubicin are reviewed amongst several others, with a focus on commonly employed treatment 
regimens in the salvage setting such as HiDAC, FLA/FLAG, MEC and GCLAC, to name a few.  We then turn our attention to newer targeted therapies that have 
shown promise in specific patient populations such as the IDH inhibitors ivosidenib and enasidenib, and FLT3 inhibitors such as gilteritinib and quizartinib.  Several 
other targeted agents that have been studied in the R/R AML setting are also discussed, with some of these agents being primarily used in entirely different diseases 
altogether. Lastly we turned our attention to a few immunotherapeutic agents employed in the R/R in the setting, the CD33 inhibitors and the novel bispecific 
antibodies.

Conclusion: The difficulties of treating R/R AML are compounded by the fact that many patients are poor candidates in view of prohibitive comorbidities and poor 
performance status.  It appears increasingly clear that approaching AML as a homogenous disease entity is unsatisfactory in view of the variations in such disease 
factors as cytogenetic and molecular markers, age, and disease severity at presentation; all of which contribute significantly to heterogeneity of the disease. The future 
direction of tackling AML would likely require tailored therapy following advances in technology such as molecular profiling, drug sensitivity and resistance testing.
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Although remission reinduction may not be required in all patients, 
especially those who receive myeloablative preparations prior to HSCT, 
all patients who receive nonmyeloablative conditioning regimens will 
require remission-reinduction prior to HSCT, ideally having achieved a 
CR. A graphical representation of this management process is provided 
(Figure 1).

A wide variety of different treatment regimens have been studied to 
improve outcomes in patients with r/r AML, although there appears to 
be no single superior approach.  We will attempt to review traditional 
chemotherapeutic agents used in the non-APL AML salvage setting, as 
well as targeted single agents and immunotherapeutic agents, amongst 
others, employed in contemporary practice. A graphical summary of 
these treatment options is provided (Figure 2).

Cytotoxic therapeutic agents
Cytarabine

Cytarabine, or Ara-C, cytosine arabinoside, is a chemotherapeutic 
agent that primarily inhibits DNA synthesis.  Cytarabine, being a 
pyrimidine analog gain entry into cells and is converted to its active 
compound, azacitidine triphosphate, following which it is incorporated 
into beginning.  If primary action is inhibition of DNA polymerase 
resulting in decreased synthesis and repair of DNA, and the specific to 
the S phase of the cell cycle. Its metabolism is primarily hepatic with 
urinary excretion of active metabolites, with a half-life of 20 minutes. 
Notable concerns related to administration of the medication include 
myelosuppression, GI toxicities and cytarabine syndrome characterized 
by fever, myalgia, maculopapular rash and generally occurs 6 to 12 
hours following administration.

Cytarabine is very commonly used either alone or in combination 
with other chemotherapeutic agents, notably anthracyclines, both for 
remission induction in newly diagnosed AML as well as salvage therapy 
in r/r AML. The HiDAC regimen or high dose cytarabine given has 
been shown to achieve CR and up to 35 to 40% of patients resistant to 
conventional dose cytarabine regimens. In general, patients may receive 
HiDAC in the salvage setting if they have not yet received it either with or 
without an anthracycline. However, in patients who suffer a late relapse 
more than 18 months from initial CR, although they may achieve a 
second CR by retreatment with HiDAC if initially treated with the same, 

reported CR rates are 32 to 47% [1].  Interestingly, the combination of 
HiDAC plus an anthracycline may produce higher response rates with 
side effects appearing to be similar in both regimens, although toxicity 
is prohibitively high in patients over the age of 60 [2]. Unlike HiDAC, 
reinduction with cytarabine plus anthracycline may be employed for 
those who receive it initially and undergo CR that persists for more 
than 1 year. CRs in this setting have been reported at approximately 
50% [3].

Cytarabine serves as the backbone for several salvage regimens 
including FLA/FLAG (Fludarabine. Cytarabine/G-CSF), CLAG/M 
(Cladribine, Cytarabine, G-CSF/mitoxantrone), GCLAC (G-CSF, 
clofarabine, cytarabine), FLAD (Fludarabine, cytarabine, liposomal 
daunorubicin), and FLAM (Flavopiridol, cytarabine, mitoxantrone) 
to name some of the more commonly employed. A newer agent, ela-
cytarabine, which is an acid ester of cytarabine, has not been found to 
improve CR or OS rates compared to standard regimens [4].

Purine analogs: Fludarabine, clofarabine and cladribine

Fludarabine, clofarabine and cladribine are commonly employed 
purine analogs in several salvage regimens in the treatment of r/r 
AML.  Fludarabine inhibits DNA synthesis through inhibition of DNA 
polymerase and ribonucleotide reductase, as well as inhibition of DNA 
primase and DNA ligase I. Clofarabine, in addition to ribonucleotide 
reductase inhibition, inhibits the DNA repair process and alters 
mitochondrial membrane permeability releasing inducing factor and 
cytochrome C. Cladribine is cell cycle nonspecific, and its incorporation 
into DNA results in strand breakage and shutdown of DNA synthesis 
and repair.

In addition to myelosuppression, fludarabine may be neurotoxic.  
Autoimmune phenomena including hemolytic anemia and Evans 
syndrome have also been described [5].  Renal dose adjustment may 
be necessary, common to all the purine analogues. Fludarabine is most 
commonly employed as part of the FLA/FLAG regimens.  Idarubicin 
may also be combined in the widely used FLAG–IDA regimen, with 
reported CR rates of around 50% [6]. FLAG-IDA is a frequently used 
control arm in clinical trials for r/r AML. In atleast one study no 
significant difference in CR rates were observed between FLAG and 
FLAG-IDA [7].  

 Fludarabine has been shown to augment the rate of synthesis of ara-
CTP in blast cells when administered prior to cytarabine [8]. Despite 
addition of G-CSF to FLA, reported CR rates did not differ significantly, 
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Figure 1: A framework for the management of remission-reinduction 
in relapsed/refractory acute myeloid leukemia

Figure 2: A summary of the modalities discussed that are employed in 
remission-reinduction
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As a chemotherapeutic agent, it has found wide application in both 
solid and liquid malignancies, notably small cell lung and testicular, 
although it is almost universally given in combination with other agents 
for r/r AML.  Renal dose adjustment is necessary as it is nephrotoxic. 
Like most chemotherapeutic agents, it causes myelosuppression and GI 
side effects.

Aside from the MEC regimen, high dose etoposide has been 
evaluated to have demonstrable efficacy in conjunction with 
cyclophosphamide, with a reported CR rate of up to 42% [20], with 
mucosal toxicity being dose limiting. The ADE regimen (Cytarabine, 
daunorubicin, etoposide) may be administered together as part of 
a standard regimen or sequentially. The standard administration has 
been shown to have improved CR rates (54% vs 34%) with improved 
3-year survival (12% vs 6%), and may therefore be superior [21]. 

Vosaroxin is a novel quinolone derivative that inhibits DNA 
topoisomerase II, and aside from being investigated as a therapeutic 
target for primary AML [22] has been found to improve CR rates in 
combination with cytarabine in r/r AML, as compared to cytarabine 
with placebo (30% vs 16% respectively), although treatment related 
adverse events and deaths were also higher in the treatment groups [23]. 

Other cytotoxic agents: Homoharringtonine, flavopiridol 
and venetoclax

Omacetaxine mepesuccinate, previously known as homoharring-
tonine, is a plant alkaloid derived from Cephalotaxus fortune. It is a 
protein translation inhibitor, and inhibits correct positioning of ami-
no acids during the initial step of protein translation [24]. Although it 
has been approved for TKI resistant CML, its role in r/r AML is still a 
subject of active investigation. The HAA regimen (Homoharringtonine, 
cytarabine, aclarubicin) was evaluated in one study with a CR rate of 
76% [25].

Flavopiridol, also known as alvocidib, is a synthetic analog of a nat-
urally occurring flavonoid alkaloid isolated from Dysoxylum binectar-
iferum tree bark. It has properties as a cyclin dependent kinase inhibi-
tor and leads to inhibition of positive transcription elongation factor b 
[26]. The FLAM regimen (Flavopiridol, cytarabine and mitoxantrone) 
has demonstrated particularly efficacy as compared to carboplatin-to-
potecan and sirolimus-MEC per a phase II study, with a reported CR 
rate of 28% vs 14% and 15% [27].

Venetoclax, an oral formulation, is a B cell leukemia/lymphoma-2 
(BCL-2) inhibitor. BCL-2 display anti-apoptotic activity and promotes 
myeloblast survival; hence its inhibition presents an attractive target to 
combat AML.  Although venetoclax has shown impressive results in 
the treatment of CLL, monotherapy for r/r AML is underwhelming, 
with an overall CR rate of 19% [28]. Combination therapy for r/r AML 
is also unimpressive, although venetoclax with HMAs, in particular 
azacitidine has shown higher CR rates than with decitabine or low dose 
cytarabine (17.9% vs 6.7% and 0% respectively) [29].  

A table comparing the chemotherapeutic regimens discussed so far 
has been provided for ease of reference  in table 1.

Targeted therapies
Isocitrate dehydrogenase inhibitors (IDH1, IDH2): 
Ivosidenib, Enasidenib

Ivosidenib is an oral small molecule inhibitor of the mutant isocen-
tric dehydrogenase 1 [IDH1] enzyme.  IDH1 mutations in AML may 
have a frequency of up to 33% [30], and they lead to increased levels 
of 2-hydroxyglutarate and cells, which inhibits alpha-ketoglutarate-de-

being 61% and 58% respectively [9]. The FLAD regimen (Fludarabine, 
cytarabine and liposomal daunorubicin) achieved an overall CR rate of 
53% in one study, and as 58% of these patients went on to undergo allo-
geneic HSCT, this regimen may have utility as a bridge to transplant [10]. 

Clofarabine administration has been linked to a cytokine release 
syndrome with subsequent capillary leak and organ dysfunction, which 
may prove fatal. Additionally, tumor lysis syndrome is an important 
consideration with this agent. Clofarabine may be administered with 
intermediate dose cytarabine, with CR rates of 35% to 51% being re-
ported, as evidenced by at least one study [11]. 

Cladribine is employed in a curious array of pathologies besides 
refractory AML, including refractory T-cell large granular lymphocytic 
leukemia and relapsing multiple sclerosis. Like fludarabine, it is myelo-
toxic and nephrotoxic. Regimens employing Cladribine include CLAM 
(Cladribine, cytarabine, mitoxantrone) and CLAG (Cladribine, Cytara-
bine, G-CSF), with reported CRs of 40 to 50% [12]. Even higher CRs of 
up to 58% were reported with the CLAG-M (Cladribine, Cytarabine, 
G-CSF, mitoxantrone) regimen [13].

Anthracyclines and analogs: Daunorubicin, idarubicin and 
mitoxantrone

The anthracycline drugs daunorubicin and idarubicin inhibit DNA 
and RNA synthesis by intercalation between DNA base pairs and ster-
ic hindrance of local uncoiling of the double helix. Mitoxantrone is a 
structurally related anthracenedione that functions similarly to cause 
DNA strand crosslinkage, strand breaks and nucleic acid synthesis in-
hibition through steric hindrance.

Mitoxantrone has found favor over the anthracyclines as it has a re-
duced incidence of cardiotoxicity and gastrointestinal side effects [14], 
and as such has replaced daunorubicin in combinations with cytarabine 
and etoposide. Regardless, all patients on anthracyclines/mitoxantro-
ne require comprehensive cardiovascular assessment and monitoring. 
Hepatotoxicity is also a concern with these medications. Mitoxantrone 
with etoposide is commonly used for salvage therapy, with CR rates 
of approximately 40% being reported [15]. The MEC regimen (mitox-
antrone, etoposide, cytarabine) has been extensively evaluated, with CR 
rates of upto 66% being reported [16]. Mitoxantrone has also been ex-
tensively used in combination with high and intermediate dose cytara-
bine (HAM regimen), and notably patients over 60 years achieved a CR 
rate of 76% with this regimen [17].

Liposomal formulations of daunorubicin have the advantage that 
higher effective plasma concentrations of the drug can be delivered 
with subsequent increased concentration in the bone marrow. Aside 
from the FLAD regimen, CPX-351 is a liposomal formation of cytara-
bine and daunorubicin in a 5:1 molar ratio. Although no statistical 
difference in 1-year survival between CPX-351 and standard salvage 
chemotherapies was found, CPX-351 excited attention as it was found 
to increase CR rates in subgroups with poor risk features including el-
derly age and adverse cytogenetics compared to standard chemother-
apy, 47.7% and 33.3% respectively [18], although this study did not 
evaluate the drug in the r/r AML setting.  

Idarubicin as a component of the FLAG-IDA regimen was dis-
cussed under the purine analogs. The addition of idarubicin may be 
important as FLA alone was inferior to cytarabine, daunorubicin and 
etoposide reinduction [19].

Topoisomerase II inhibitors: Etoposide and vosaroxin
Etoposide is a type II topoisomerase inhibitor and appears to cause 

DNA strand breakage, with subsequent cell cycle arrest in the S phase. 
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pendent enzymes that subsequently results in impaired hematopoietic 
differentiation. Consequently, ivosidenib in IDH1 mutated AML blood 
samples decreased intracellular levels of 2-hydroxybutyrate with re-
duced blast counts and induced myeloid differentiation with increased 
percentages of mature myeloid cells.  Differentiation syndrome can oc-
cur in these patients and may be fatal, and QT prolongation is also a 
concern [31]. 

Enasidenib similarly is a small molecule inhibitor of IDH2 with 
subsequent reduction in blast count and increased maturation of my-
eloid cells, and has been noted to work independent of the mutational 
load of IDH2.  Resistance to enasidenib may emerge through develop-
ment of second site IDH 2 mutations which inhibit drug binding [32].

In patients with IDH1 mutated R/R AML, monotherapy with ivosi-
denib yielded CR rates of 21.8% in a phase 1 dose escalation and expan-
sion trial, with an overall response rate of 41.6% [31]. Notably, transfu-
sional independence was attained in 35% of patients who had achieved 
a response. Similarly, enasidenib as monotherapy for IDH2 mutant R/R 
AML was shown to achieve an overall response rate of 40.3% with a CR 
rate of 20.2% in a phase 1/2 dose escalation and expansion trial. 19.3% 
of those who attained CR had an overall survival of 19.7 months [33].

FMS-like tyrosine kinase receptor 3 inhibitors: Gilterinib, 
quizartinib

The FLT3 gene encodes a tyrosine kinase receptor that plays a key 
role in controlling proliferation and differentiation of hematopoietic 
cells.  FLT3–ITD and FLT3–TKD oncogene mutations are common in 
AML with frequencies of up to 25% and 10% respectively [34]. First 
generation FLT3 inhibitors midostaurin and sorafenib function rela-
tively non-selectively against FLT3, and although midostaurin has been 

approved as first-line therapy, both have little activity as monotherapy 
in relapsed patients. In contrast, next generation TKI's which include 
gilteritinib and quizartinib have shown antileukemic single agent ac-
tivity [35], and gilteritinib is also FDA approved for r/r FLT3 mutated 
AML. Inhibition of FLT3 receptor signaling by gilteritinib induces ap-
optosis in these leukemic cells.  As with IDH inhibitors, fatal differ-
entiation syndrome and QTc prolongation are concerns with adminis-
tration.  Rare reports of posterior reversible encephalopathy syndrome 
and pancreatitis have been observed but not conclusively associated.

The ADMIRAL trial compared outcomes in patients with r/r FLT3 
mutated AML who were administered either gilteritinib or standard 
salvage chemotherapy, with gilteritinib administration resulting in sig-
nificantly longer survival than chemotherapy [9.3 versus 5.6 months], 
as well as a high percentage of patients with complete remission com-
pared to salvage chemotherapy [21.1% versus 10.5%] [36].  Serious ad-
verse effects were also reported less frequently in the gilteritinib group, 
the most common of which were cytopenias. Although quizartinib 
is not FDA approved for r/r FLT3 mutated AML, the QuANTUM-R 
trial comparing quizartinib and salvage chemotherapy showed a me-
dian overall survival benefit with quizartinib of 6.2 months versus 4.7 
months with chemotherapy [37]. A phase 1 dose escalation and expan-
sion study for r/r FLT3–ITD mutated AML elicited a complete remis-
sion rate of 37.5% in study participants [38].

Hypomethylating agents: azacitidine, decitabine

Decitabine and azacitidine are pyrimidine nucleoside analogs of 
cytidine that are incorporated into DNA and RNA and subsequently 
inhibit DNA/RNA methyltransferases.  Reduced DNA/RNA methyla-
tion alters DNA gene expression including expression of tumor sup-
pressor genes and decreases RNA stability and protein synthesis. Unlike 
many of the agents hitherto described, hypomethylating agents are by 
and large reserved as treatment options for patient's considered to be 
poor candidates for aggressive salvage therapy, such as those with poor 
performance status or significant comorbidities. As with tradition-
al cytotoxics, bone marrow suppression is a concern.  In contrast to 
decitabine, azacitidine may be nephrotoxic and hepatotoxic, requiring 
dosage adjustments in those with pre-existing impairments.

An outcomes review of r/r AML patients treated with azacitidine at 
three different French institutions showed a CR rate of 21%, with a bone 
marrow blast percentage less than 20% being identified as the only inde-
pendent prognostic factor irrespective of age or performance status [39]. A 
study of decitabine administration in a cohort of 102 patients with r/r AML 
showed a CR rate of 15.7% with a median overall survival of 177 days [40].

Histone deacetylase inhibitors: Vorinostat 

The histone deactylase enzymes HDAC1, HDAC2, HDAC3 and 
HDAC6 catalyze removal of acetyl groups from histones and tran-
scription factors, and inhibition of the same results in altered chroma-
tin structure and transcription factor activation with subsequent cell 
growth termination and apoptosis.  

Vorinostat is a histone deactylase inhibitor approved for cutaneous 
T-cell lymphoma which, as monotherapy in RR–AML, was found to 
have a CR rate of only 4.5% in a group of 22 patients [41].  It fared better 
in a trial of combination therapy with cytarabine and etoposide with a 
CR rate of 46% [42].

Aminopepetidase inhibitors: Tosedostat

Aminopeptidases are endogenous metallo-enzymes that operate 
downstream of the ubiquitin-proteosome pathway that are responsible 

Regimen Study 
reference

Study 
design

Number of 
relapsed/

refractory AML 
patients 

Reported 
CR rates 

(%)

HiDAC [4] Phase II 78 63

Cytarabine + anthracycline [6] Phase III 667 50

Elacytarabine [24] Phase III 381 23
FLAG-IDA [22] Phase II 46 52
FLA [9] Phase III 405 61
FLAD [11] Phase II 41 53
Cytarabine + clofarabine [12] Phase II 21 43
CLAG/CLAM [13] Phase II 24 44
CLAG-M [14] Phase II 118 58
Mitoxantrone + etoposide [18] Phase II 61 43
MEC [17] Phase II 32 66
HAM [19] Phase II 44 36
Etoposide + cyclophosphamide [21] Phase II 40 42
ADE [23] Phase III 235 43
Vosaroxin + cytarabine [29] Phase III 711 30
HAA [26] Phase II 46 80
FLAM [62] Phase II 92 28
Venetoclax [30] Phase II 32 6

Table 1: A relative comparison of the different chemotherapeutic regimens discussed in the 
management of relapsed/refractory acute myeloid leukemia.

HiDAC: High Dose Cytarabine; FLAG-IDA: Fludarabine, Cytarabine, G-CSF and Idaru-
bicin; FLA: Fludarabine and cytarabine; FLAD: Fludarabine, Cytarabine and Liposomal 
Daunorubicin; CLAG: Clofarabine, Cytarabine and G-CSF; CLAM: Clofarabine, Cytara-
bine and Mitoxantrone; CLAG-M: Clofarabine, Cytarabine, G-CSF and Mitoxantrone; 
MEC: Mitoxantrone, Etoposide and Cytarabine; HAM: High and intermediate dose Cytara-
bine And Mitoxantrone; ADE: Cytarabine, Daunorubicin and Etoposide; HAA: Homohar-
rngtonine, Cytarabine and Aclarubicin; FLAM: Flavopiridol, Cytarabine and Mitoxantrone
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for the final step of intracellular protein degradation. Tosedostat, an M1 
aminopeptidase enzyme family inhibitor, functions in a tumor selective 
manner and causes depletion of cellular amino acid pools, with result-
ant apoptosis. 

Tosedostat monotherapy in the r/r AML setting has been evaluat-
ed with CR rates of 10% in a phase II study [43]. A trend for a higher 
response rate and survival was observed in patients with prior MDS or 
who had received hypomethylating agents for previous first induction, 
as well as patients who had multilineage AML compared to other AML 
types. Adverse events resulting in death were noted to be acute hepati-
tis, respiratory failure, pneumonia, atrial fibrillation and left ventricular 
dysfunction.

Proteosome inhibitors: Bortezomib

Bortezomib inhibits chymotrypsin-like activity at the 26S pro-
teasome, with subsequent activation of signaling cascades that result 
in apoptosis of the cell. It is a drug commonly employed in multiple 
myeloma, with indications for cutaneous T cell lymphoma and mantle 
cell lymphoma as well. Aside from myelosuppression and peripheral 
neuropathy, new onset heart left ventricular dysfunction has also been 
reported with administration.

Although the role of bortezomib as monotherapy in r/r AML has 
yet to be elucidated, an expanded phase I trial of bortezomib + MEC 
(mitoxantrone, etoposide, cytarabine) in r/r AML patients demonstrat-
ed CR/CRi (complete remission with incomplete count recovery) rates 
of 52% [44]. Interestingly, of the five patients with RUNX1 mutations 
(a mutation associated with unfavorable outcomes and shorter survival 
times in MDS patients [45]), three (60%) achieved CR/ CRi, suggesting 
that bortezomib may have possible benefit in this difficult subset of pts

Mammalian target of rapamycin (mTOR) inhibitors: 
Sirolimus, everolimus

mTOR is a serine/threonine kinase involved in the regulation of cell 
growth and proliferation. mTOR inhibitors such as sirolimus (rapamy-
cin) have found common use as immunosuppressive agents following 
organ transplantation. Although activating mutations or overexpres-
sion of mTOR has not been demonstrated in AML, studies have shown 
that high levels of PI3K products which activate Akt and mTOR, as well 
as phosphorylation of mTOR downstream targets, are constitutively ac-
tivated in AML [46]. mTOR inhibitors sirolimus and everolimus bind 
to Fk-binding protein 12 (FKBP12) to form a complex that inhibits ac-
tivation of mTOR activity.

Sirolimus monotherapy in one study was shown to have only a par-
tial response rate of 44% in patients with r/r AML and poor risk AML 
[47]. A phase Ib/II study of everolimus in combination with azacitidine 
in r/r AML patients showed a CR/CRi rate of 12.5%, with dose limiting 
toxicity being observed in only 2 of the 40 patients in the study popula-
tion [48]. In contrast, a phase Ib study of everolimus with conventional 
7+3 daunorubicin and cytarabine induction chemotherapy in patients 
with first relapse AML demonstrated a CR rate of 68%, with <10% tox-
icity reported mainly involving the GI tract and lungs.

Immunotherapies
CD33 inhibitors: gemtuzumab ozogamicin (GO), lintuzumab

CD33 is expressed in over 80% of patients with AML [49], and 
as such is a promising target for immunotherapy. Gemtuzumab 
ozogamicin (GO) is a humanized CD-33 directed monoclonal anti-
body-drug conjugate, which is composed of the IgG4 kappa antibody 

gemtuzumab linked to a cytotoxic antibiotic calicheamicin derivative. 
GO binds to CD33 antigen which results in internalization of the anti-
body-antigen complex and subsequent release of the calicheamicin de-
rivative. This derivative binds to DNA causing double-stranded breaks, 
inducing cell cycle arrest and apoptosis. Potentially fatal hepatic sinu-
soidal obstruction syndrome has been reported with use of GO.

Although the drug was initially withdrawn over safety concerns 
with full dosing, a phase II study of patients with CD33 positive first re-
lapse AML who were administered fractional doses of GO demonstrat-
ed an excellent safety profile with a CR rate of 26% [50]. Of note, remis-
sion rates correlated with P-glycoprotein and MRP1 activity. Fraction-
ated GO with standard dose cytarabine achieved even more impressive 
response rates in one study of late first relapse CD33 positive AML, with 
CR and CR with incomplete platelet recovery rates of 75% [51]. 

Bispecific antibodies: Flotetuzumab, AMG 330
Bispecific antibodies, a newer approach to immunotherapy, are anti-

bodies which contain two antigen recognition sites that can be specific to 
two different antigens or two different epitopes of the same antigen. Bi-spe-
cific T-cell engager (BiTE) antibodies are bispecific antibodies construct-
ed by linking the scFv fragments of two different monoclonal antibodies 
with a short flexible peptide linker, thereby allowing simultaneous binding 
of T–cell surface molecules and tumor cell antigens to promote tumor ly-
sis. AMG 330 is one such BiTE directed against CD3+ T cells and CD33+ 
AML tumor cells with resultant T-cell activation and cytotoxicity. 

A phase I dose escalation study of AMG 330 r/r AML patients 
proved to be well tolerated. Although cytokine release syndrome proved 
to be the most frequent adverse event (67%), it was reversible and oc-
curred in a dose-dependent manner. 17% of patients developed CR or 
CRi, with 57% of these having an adverse cytogenetic risk profile [52]. 

Dual affinity retargeting proteins (DARTs) are bispecific antibodies 
formed by the heterodimerization of two Fv fragments (Fv1 contains 
the heavy chain region of antibody 1 and light chain region of anti-
body 2, whilst Fv2 contains the heavy chain region of antibody 2 and 
the light chain region of antibody 1). Similar to BiTE antibodies, they 
are bispecific, but have been shown to be more potent and stable that 
BiTEs [53]. Flotetuzumab is an investigational DART that engages CD3 
on T-cells and C123, an IL3-α receptor subunit expressed in 60-80% of 
AML patients. 

A phase II study of flotetuzumab in patients with r/r AML showed 
a combined CR/CRh (complete remission with partial hematologic re-
covery) rate of 26.7%, with median overall survival of 10.2 months. The 
most frequent reported adverse events were infusion related reactions 
and CRS that was largely mitigated with dexamethasone and tocilizum-
ab pretreatment [54]. Of note, bone marrow transcriptomic analysis 
revealed a 10-gene signature that predicted response to flotetuzumab 
in this subset. 

Discussion and closing remarks
AML remains a disease entity with a poor clinical outcome, and 

most patients diagnosed with AML will die because of it.  Even those 
patients treated with curative intent induction chemotherapy and hav-
ing achieved complete remission per currently defined endpoints only 
had a median overall survival of 20 months in one review of over 4000 
patients with AML [55]. Compounding this difficulty is the fact that 
many patients are not candidates in view of poor performance status 
and prohibitive comorbidities, and these patients have limited treat-
ment options, such as best supportive care and low intensity therapy 
with palliative intent.
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Allogeneic hematopoietic stem cell transplantation remains the 
treatment strategy with the best chance of providing a cure, even though 
5-year survival rates in such patients are reported at only 25% [56]. As 
such, HLA typing should be done as soon as R/R AML is identified, and a 
donor search initiated for HSCT to aid with the decision-making process.

The choice of conditioning regimen prior to HSCT varies signifi-
cantly between institutions and according to experience. Myeloablative 
regimens with single agents or a combination of these, such as busul-
fan, melphalan and cyclophosphamide are often employed. Total body 
irradiation can also be used to achieve this goal in combination with 
these agents, with the goal being long-lasting and irreversible pancyto-
penia in preparation for HSCT. Patients may also not require a remis-
sion-reinduction regimen with myeloablative conditioning, as opposed 
to nonmyeloablative reduced intensity regimens. Eligibility criteria for 
HSCT vary significantly but patients with poor overall performance 
status, or moderate to severe organ impairment are usually considered 
ineligible. Achievement of a CR prior to HSCT is associated with the 
best survival outcomes and is generally preferred, to which end we 
credit the multiplicity of the treatment options hitherto discussed. 

It is possible that R/R AML patients are by and large manifesting a 
refractory clone that has persisted despite successful initial therapy, and 
in view of this, it should not be assumed that the initial treatment was 
successful, but rather that it was not as effective as could be hoped. It 
seems increasingly evident that the concept of ‘remission’ in these pa-
tients is predicated on outmoded criteria, as they do not provide a sen-
sitive enough assessment of AML disease burden [57]. Newer modali-
ties such as minimal residual disease assays have helped to highlight this 
discrepancy, and also serve to explain the fact that despite the apparent 
success of many patients achieving a complete remission after induction 
therapy, their median overall survival remains less than two years [55].

Ultimately, there is no current standard of care in the management 
of AML, and the best treatment option in R/R AML in patients fit for 
intensive therapy would be enrollment in a clinical trial. Although 
AML has often been approached as a homogenous disease entity, var-
iations in such disease factors as cytogenetic and molecular markers, 
age at presentation and disease severity on presentation all contribute 
to significant heterogeneity in this disease. It is increasingly being un-
derstood that tackling AML would require individualized therapy, and 
advances in technologies such as molecular profiling and drug sensitiv-
ity and resistance testing would perhaps be increasingly employed to 
tailor such therapy.
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