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Acute myelocytic leukemia (AML) is an extremely heterogeneous disease 
with outcomes that vary widely according to subtype of the disease. 
Nevertheless, the majority of patients are not cured of the disease, 
and improvements in therapy are required. A number of recent studies 
challenge the notion that ‘7 + 3’ chemotherapy (cytarabine combined 
with an anthracycline) is the standard of care for most patients with AML. 
Targeted therapy with monoclonal antibodies and small-molecule kinase 
inhibitors are very promising strategies to help improve the cure rate. This 
review will highlight the results of recent clinical trials in which outcomes 
have been influenced significantly. Novel approaches to sequencing and 
combining available therapies will also be covered. Finally, molecularly 
targeted therapies relevant to AML will be discussed.
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Acute myelocytic leukemia (AML) is a heterogeneous malignancy of the bone mar-
row predominantly diagnosed in patients older than 60 years of age [101]. Patients 
tend to present with typical signs and symptoms secondary to inadequate hemato-
poiesis, namely fatigue, abnormal bruising or bleeding, and infection. While there 
are subsets of AML that confer a good prognosis, most patients will die from the 
disease or complications of its treatment. The international gold standard for the 
majority of newly diagnosed patients is multiagent chemotherapy based on clinical 
trials published more than two decades ago [1,2]. Several modifications to the ‘7 + 3’ 
regimen have been attempted, but most have not led to substantial improvements in 
overall survival (OS). However, intensifying the dose of daunorubicin has recently 
been shown to improve survival in certain subgroups of patients. In addition, a 
meta-analysis evaluating high-dose cytarabine compared with standard doses of 
cytarabine during induction, found improved outcomes for the high-dose cohort 
[3]. Patients are often stratified by age and/or performance status when selecting the 
initial treatment approach.

Advances in the genetic and molecular characterization of AML have improved 
the outlook for the development of targeted approaches to therapy. Cytogenetics at 
baseline has repeatedly been shown to be one of the most powerful prognostic factors 
for survival [4]. Patients are typically considered to have favorable, intermediate or 
unfavorable disease based on these results, which ultimately influences the overall 
treatment plan. Molecular studies allow the identification of gene mutations that 
influence cell signaling, proliferation and survival. Most notably, mutations in the 
FLT3 gene have been shown to be associated with a very poor prognosis [5]. This is 
relevant, as several small molecules are able to specifically inhibit FLT3. 

The most dramatic example of targeted therapy to date in AML is the treatment 
of acute promyelocytic leukemia (APL) with all-trans retinoic acid (ATRA) [6]. APL 
is a form of AML driven by a specific fusion protein, PML-RAR-a, which essentially 
blocks myeloid differentiation. ATRA binds to RAR-a, leading to normal tran-
scription and terminal differentiation of myeloid cells [7]. The use of ATRA-based 
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therapy allows a high number of patients to be cured of 
this AML subtype without the use of cytotoxic chemo-
therapy [6,8]. That said, the remainder of this review will 
focus on treatment options for non-APL AML. Mono-
clonal antibodies directed against cell surface antigens 
have represented a major advance in the treatment of 
acute lymphocytic leukemia (ALL) [9–11]. For example, 
rituximab, an antibody directed against CD20, has 
been shown to improve the OS in younger patients 
with ALL when used in the frontline setting [9]. The 
development of monoclonal antibodies has not been as 
successful in AML thus far, with the anti-CD33 agent 
gemtuzumab ozogamicin (GO) being withdrawn from 
the US market. 

This review will briefly highlight the current man-
agement strategy for AML, but will mainly focus on 
novel and investigational agents under development that 
may ultimately improve patient outcomes. Most of these 
agents are being tested in the salvage setting, with some 
of the more promising agents being evaluated as part of 
the frontline approach. Recent clinical trials evaluating 
unique chemotherapy regimens, and also studies using 
new and ‘old’ monoclonal antibodies will also be dis-
cussed. When reviewing clinical trials, it is important 
to note the patient population that is being studied to 
allow proper interpretation of the results. For studies 
involving anthracyclines, both the agent and dose used 
are critical to place any results or conclusions in proper 
context. A summary of agents and regimens discussed 
in this review can be found in Table 1.

Management of adult AML: frontline approach
The combination of an anthracycline (i.e., daunorubicin 
or idarubicin) given for 3  days combined with continu-
ously infused cytarabine over 7 days is the currently 
accepted standard of care for younger and fit elderly 
patients with AML. Recently, a higher dose of dauno-
rubicin (90 mg/m2) was found to improve the outcome 
for certain subsets of patients, and this has now become 
the standard dose recommended for these groups [12,13]. 
Idarubicin may be a more powerful anthracycline, and 
studies have shown it to be at least as good as high-dose 
daunorubicin [14,15]. 

Patients who achieve complete remission (CR) require 
consolidation with chemotherapy, autologous hemato-
poietic stem cell transplantation or allogeneic hemato-
poietic stem cell transplantation (alloSCT). The stan-
dard chemotherapy for consolidation is repeated courses 
of high-dose cytarabine (3 g/m2 intravenously [iv.] every 
12 h on days 1, 3 and 5) [16,17]. The need for such a high 
dose of cytarabine during consolidation was called into 
question when a large, randomized trial found mod-
erate-dose cytarabine-based therapy equally effective 
(5-year OS similar between groups) [18]. Patients with 

high-risk disease are recommended to undergo alloSCT 
in first CR if there is a matched stem cell donor.

The above strategies lead to long-term survival in 
approximately 20–40% of adult patients with AML 
[18]. Patients with favorable risk disease may do bet-
ter, and those with unfavorable risk disease tend to do 
worse. There have been several attempts to improve the 
frontline management of patients with AML. What are 
considered to be the biggest recent developments in the 
initial management of patients are highlighted below.

 ■ Purine analogs
The purine analogs, in particular, compounds mimick-
ing adenine, have been used in the treatment of AML. 
The mechanisms of action include being incorporated 
into DNA as well as through inhibition of ribonucleo-
tide reductase [19]. The latter mechanism may lead to 
synergistic effects when combined with cytarabine. 
Fludarabine and cladribine are older examples of purine 
analogs, while clofarabine was designed as an attempt 
to optimize the characteristics of these agents. Each of 
the drugs have been studied alone or in combination 
approaches and the results have been promising. 

Fludarabine combined with high-dose cytarabine 
and filgrastim was studied in newly diagnosed patients 
with core binding factor AML [20]. This patient popu-
lation tends to be highly sensitive to cytarabine, mak-
ing the addition of a purine analog a rational approach 
to attempt to improve the outcome. Patients received 
fludarabine 30 mg/m2 iv. daily for 5 days, cytarabine 
2000 mg/m2 iv. daily for 5 days, and filgrastim starting 
1 day prior to chemotherapy and continuing through 
day 5 (FLAG). Patients receiving FLAG had superior 
event-free survival (EFS) when compared with histori-
cal controls that did not receive fludarabine-containing 
chemotherapy. 

In a large randomized trial, the British Medical 
Research Council tested three induction chemotherapy 
regimens in patients with newly diagnosed AML [21]. 
FLAG plus idarubicin was compared with daunorubicin 
and cytarabine (DA), or daunorubicin, cytarabine and 
etoposide. While there were fewer relapses at 5 years 
on the FLAG-Ida arm compared with daunorubicin, 
cytarabine and etoposide (42 vs 54%), there were more 
myelosuppression-related deaths in CR that negated 
any potential benefit in OS. Nevertheless, FLAG-Ida 
is a very promising regimen and strategies should be 
explored to optimize drug dosing, administration and 
supportive care to reduce deaths in CR.

Cladribine was approved by the US FDA in 1993 for 
the management of hairy cell leukemia [22]. The addi-
tion of cladribine has been shown to enhance the cel-
lular uptake of cytarabine into leukemic cells [23]. It also 
exhibits some antileukemic activity as a single agent. 
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Therefore, the Polish Adult Leukemia Group conducted 
a multicenter, Phase III, randomized trial evaluating 
three induction chemotherapy regimens in younger 
patients (up to 60 years of age) with AML: DA, DA + 
fludarabine and DA + cladribine (DAC) [24]. Cladribine 
was given at a dose of 5 mg/m2 iv. for 5 days with DA. 
The daunorubicin dose in all groups was 60 mg/m2. 
Patients could receive one or two courses of the induc-
tion regimen, then proceeded to standardized consoli-
dation and maintenance therapies per protocol (con-
solidation and maintenance regimens did not include 
cladribine or fludarabine). There was a significantly 
higher CR rate in patients treated with DAC compared 
with DA (68 vs 56%; p = 0.01). With 2.8 years of follow 
up, the 3-year probability of survival was significantly 
higher for the DAC group compared with the DA group 
(45 vs 33%; p = 0.02). Subgroups that benefited in par-
ticular included patients older than 50 years and those 
with unfavorable cytogenetics. Toxicity and induction-
related mortality were similar in all groups. However, 
an induction related mortality of 10% is quite high for 
a group of younger patients only receiving daunorubi-
cin 60 mg/m2 combined with cytarabine, considering a 

previous study using daunorubicin 90 mg/m2 reported 
a rate of 5.5% [12]. 

The results of the above study are highly encourag-
ing, and while cladribine is not a new drug, this novel 
combination warrants attention when considering front-
line AML therapy, particularly in patients with high-
risk disease. It is interesting that one nucleoside analog 
improved the outcome and another did not in this study. 
The authors hypothesize that although cladribine and 
fludarabine are structurally similar, they have distinct 
mechanistic properties that may explain the results.

Clofarabine is the newest purine nucleoside analog, 
and is currently approved for third-line treatment of 
pediatric ALL. It has also recently been incorporated 
into the frontline management of AML in both younger 
and older adults. Nazha and colleagues presented a 
single arm, open label study evaluating clofarabine 
combined with idarubicin and cytarabine (CIA) [25]. 
Patients could receive up to two induction courses and 
six consolidation courses. In total, 59 patients were 
enrolled and 74% of patients achieved CR, while an 
additional 5% achieved CR with incomplete recovery 
of the platelet count. With short follow up, the median 

Table 1. Novel strategies for the treatment of adult acute myeloid leukemia.

Agent Target/Class Comment

Fludarabine Nucleoside analog When used first line in the FLAG-Ida regimen, has been shown to be more effective 
than standard induction chemotherapy

Cladribine Nucleoside analog When added to ‘7 + 3’ during induction, improved survival compared with 7 + 3 
alone

Clofarabine Nucleoside analog Has been studied in combination with standard chemotherapy, as well as 
sequenced with hypomethylating agents in elderly patients

Gemtuzumab Monoclonal antibody Improves survival in subsets of younger and older patients when added to 
chemotherapy

Decitabine Hypomethylating agent In elderly patients, approved in Europe based on improved survival compared with 
standard treatment; extending the regimen to 10 days is a promising strategy; used 
prior to standard chemotherapy as epigenetic ‘priming’ is an innovative approach

Flavopiridol Cyclin-dependent kinase 
inhibitor

High response rates noted when sequenced with chemotherapy in high-risk 
patients

CPX-351 Liposomal formulation 
of cytarabine and 
daunorubicin

High response rates noted in Phase II trials, particularly in patients with secondary 
AML; also being studied in the salvage setting

Omacetaxine Protein synthesis inhibitor Improved outcomes in patients with favorable or intermediate cytogenetics 
compared with 7 + 3

FLT3 Inhibitors Tyrosine kinase inhibitors Several promising oral agents being studied alone or in combination with 
chemotherapy or hypomethylating agents (midostaurin, sorafenib, quizartinib, 
crenolanib)

Elacytararbine Fatty acid derivative of 
cytarabine

Being evaluated as a reinduction strategy for patients with residual leukemia after 
initial therapy

Vosaroxin DNA intercalating agent, 
topoisomerase II inhibitor

Large, ongoing Phase III study comparing moderate dose cytarabine with or 
without vosaroxin for relapsed AML

AML: Acute myeloid leukemia.
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OS had not been reached and the predicted median 
EFS was 13.5 months. Building on these results, col-
laborators from the same institution initiated a random-
ized trial comparing CIA versus fludarabine combined 
with idarubicin and cytarabine (FIA) [26]. These data 
were recently updated, and included 28 relatively young 
patients with newly diagnosed AML (n = 17 on CIA; 
n = 11 on FIA). Rates of CR were high in both groups 
(76% for CIA vs 82% for FIA). Patients continue to 
be enrolled on this study, and longer follow up will be 
required to determine if one regimen is superior in terms 
of long-term outcome. 

Clofarabine has also been explored as an option for 
elderly patients with AML. One innovative approach 
recently published attempted to provide an extended 
period of consolidation and maintenance, as well as 
alternate clofarabine with the non-cross resistant agent 
decitabine [27]. Patients received an induction course of 
clofarabine 20 mg/m2 iv. daily for 5 days combined with 
cytarabine 20 mg subcutaneously (sc.) twice daily for 
10 days. Once remission was achieved, patients began 
consolidation with an abbreviated cycle of the same 
regimen as above alternating every three cycles with 
decitabine 20 mg/m2 iv. daily for 5 days. The response 
rate was high, with 66% of patients achieving CR or 
CR with incomplete recovery of the platelets. There was 
very little induction-related mortality and the median 
OS was 12.7 months. 

 ■ Gemtuzumab ozogamicin
GO is an antibody–drug conjugate that was previously 
approved for salvage therapy in elderly patients with 
AML. The monoclonal antibody portion is directed 
against CD33, a cell surface marker that is almost 
exclusively expressed on myeloid cells. Once GO 
binds to CD33, it is internalized, where it releases a 
potent cytotoxin, calicheamicin, which subsequently 
leads to cell death. This offered one of the first targeted 
approaches commercially available for AML. However, 
it was withdrawn from the market after preliminary 
results of a randomized trial evaluating the drug as 
a component of frontline therapy were presented [28]. 
In this study, GO did not appear to improve the out-
come, and there were also some concerns regarding 
toxicity, including early death. Nevertheless, several 
large international studies were already underway, and 
their results have reopened the debate about the efficacy 
and toxicity of GO [29]. 

The Acute Leukemia French Association conducted 
a randomized trial evaluating the addition of GO to 
standard chemotherapy in newly diagnosed AML 
patients aged 50–70 [30]. All patients received the 7 + 3 
regimen (daunorubicin 60 mg/m2) with or without 
fractionated doses of GO (3 mg/m2 [capped at 5 mg] 

iv. on days 1, 4 and 7 with induction). For patients not 
achieving CR after one course, a second cycle of dau-
norubicin 60 mg/m2 combined with moderate doses of 
cytarabine was given (1000 mg/m2 over 2 h iv. q12 h 
for six doses) was given. The second induction course 
did not contain GO. While the CR rate between the 
two groups was similar (72% for the control arm vs 
73% for the GO arm), patients in the GO group had 
superior estimated 2-year EFS (41 vs 17%; p = 0.0003) 
and OS (53 vs 41%; p = 0.0368). Induction-related 
mortality was similar between the two groups. Grades 
3–4 thrombocytopenia was the most pronounced 
adverse event occurring more frequently in the patients 
receiving GO. Hepatic veno-occlusive disease has been 
associated with the use of GO. In this study, there were 
two fatal cases in the GO group (none reported in the 
control arm), and this issue will need to be carefully 
monitored going forward.

The results of the French study are supported by 
two reports from the British Medical Research Council 
[31,32]. First, subgroup analysis of a large, randomized 
trial in younger adults with AML identified patients 
who significantly benefited from the addition of GO 
to induction chemotherapy [31]. In the study, patients 
were randomized to receive one dose of GO (3 mg/m2) 
added to one of three chemotherapy regimens. They 
could also be randomized to receive one additional 
dose of GO during consolidation. There was a sur-
vival benefit detected for patients with favorable-risk 
cytogenetics and a trend for a benefit in patients with 
intermediate-risk cytogenetics. There was no benefit 
for patients in the high-risk group. The same group 
also studied whether the addition of GO to induction 
chemo therapy benefited elderly AML patients (the 
majority of the patients were older than 60 years of 
age) [32]. Patients received one of two chemotherapy 
regimens, and were subsequently randomized to one 
dose of GO (3 mg/m2) or chemotherapy alone. With 
nearly 3  years of follow up, there was a clear advantage 
in terms of relapse and OS for the group who received 
GO. Unlike the results of the trial in younger adults, 
patients in all age and cytogenetic categories appeared 
to benefit in this study. 

Taken together, there is currently a call for reap-
praisal of the role of GO in AML [33]. It may not be 
appropriate to derive conclusions about a drug’s utility 
based on the results of large groups of AML patients, 
who are without doubt comprised of many distinct dis-
ease subsets biologically. Preplanned subgroup analysis 
may be a valuable tool for identifying the ideal popu-
lation of AML patients for a given therapy, though 
this will always be hindered by a smaller number of 
patients. Optimization of the dose and schedule of a 
drug is vital also. 
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 ■ Hypomethylating agents
DNA methyltransferase inhibitors (or hypomethylating 
drugs), such as azacitidine and decitabine, have been 
shown to be highly effective in the management of 
myelodysplastic syndromes [34,35]. Given the hypothesis 
that aberrant methylation is present in most hemato-
logic malignancies, these drugs have been investigated 
both as monotherapy and in combination approaches 
for AML [36]. Novel strategies for the use of azaciti-
dine and decitabine have been reported recently. These 
include both extending the duration of each cycle and 
sequencing/alternating azacitidine or decitabine with 
conventional chemotherapy [27,37–39]. 

Elderly patients with AML have particularly poor 
outcomes. For patients who cannot tolerate intensive 
chemotherapy, the current standard of care is low-dose 
cytarabine sc. or supportive care alone with or with-
out hydroxyurea [17]. These strategies, however, do not 
lead to long-term survival or cure. In a large, Phase III, 
randomized trial, Kantarjian and colleagues tested 
whether decitabine could improve the outcome for this 
patient group [36]. Patients were randomized to receive 
decitabine at 20 mg/m2 iv. daily for 5 days or one of the 
standard strategies mentioned above (cytarabine sc. or 
supportive care). Cytarabine sc. was administered at a 
dose of 20 mg/m2 once daily for 10 days each month. 
The median age of all patients enrolled (n = 485) was 
73 years and 36% had poor risk AML. At the time of 
analysis prespecified by the protocol, median OS for the 
decitabine group was 7.7 months versus 5.5 months in 
the cytarabine or supportive care group, which was not 
statistically significant. However, when more mature 
data were analyzed at an unplanned time point, the 
median OS for each group remained the same, but the 
result was now statistically significant indicating a sur-
vival benefit for decitabine. The results of this trial sub-
sequently led to approval of decitabine by the European 
Medicines Agency [40].

Blum and colleagues used a 10-day administration 
schedule of decitabine as opposed to the 5-day schedule 
normally used in MDS [37]. This study focused on newly 
diagnosed, older AML patients; the youngest patient 
enrolled to the study was 60, and median age overall 
was 74 years. Patients received decitabine at 20 mg/m2 
for 10 days until morphologic remission and then the 
number of days was adjusted down according to toler-
ability. Of the 53 patients enrolled, 47% achieved CR, 
and an additional 17% achieved an ‘incomplete CR’, 
for an overall response rate of 64%. The median OS for 
the entire cohort was 55 weeks, which is similar to the 
survival reported for older AML patients who received 
standard chemotherapy [13].

Hypomethylating drugs have been shown to sen-
sitize cancer cells to chemotherapy, as well as induce 

re-expression of tumor suppressor genes [41]. Based 
on this, a group from Cornell University designed a 
Phase I study to test the concept of ‘epigenetic priming’, 
or administering a DNA methyltransferase inhibitor 
followed by cytotoxic chemotherapy [38]. Patients who 
were less than 60 years old with newly diagnosed AML 
were eligible for this trial. Multiple dosing cohorts were 
explored, but all involved decitabine at 20 mg/m2 given 
for 3, 5 or 7 days. They also evaluated whether bolus dos-
ing or a 24-h continuous infusion altered the response. 
Following decitabine, all patients received 7 + 3 che-
motherapy with daunorubicin dosed at 60 mg/m2. In 
total, 30 patients were enrolled and 83% of the patients 
achieved CR within two cycles of chemotherapy. The 
toxicity appeared similar to what would be expected 
from chemotherapy alone, and a maximum-tolerated 
dose of decitabine was not reached. The authors con-
cluded that the strategy was safe and could be studied 
further to determine if it might improve outcomes. 

A group from Germany evaluated the addition of 
azacitidine to standard chemotherapy, with a particular 
focus on determining the optimal timing of adminis-
tration [39]. The study was focused on AML patients 
lacking the well-known genetic aberrations that are tar-
getable or associated with better outcome. Patients were 
randomized to one of four arms: idarubicin 12 mg/m2 
iv. on days 1, 3 and 5, cytarabine 100 mg/m2 iv. continu-
ous infusion on days 1–7, etoposide 100 mg/m2 iv. on 
days 1–3 (ICE, control arm) and azacitidine 100 mg/m2 
sc. before, during, or after idarubicin and etoposide (at 
similar doses in ICE). It is interesting that cytarabine 
was omitted from the experimental arms. The pri-
mary objective of this study was to determine the CR 
rate produced in each arm, allowing the investigators 
to eliminate the regimens performing sub-optimally. 
Eventually, the arms with azacitidine given before and 
during chemotherapy were closed. Patients continued 
to be enrolled on the ICE arm and the arm calling for 
azacitidine after chemotherapy, and the CR rates after 
treating 100 patients in each group were similar (59 and 
52%, respectively). This study also plans to evaluate 
azacitidine maintenance for 2 years after chemotherapy, 
though longer follow up is necessary. A large study using 
decitabine as maintenance after chemotherapy found 
no benefit [42]. 

 ■ Other strategies
New strategies are necessary for patients with high risk 
AML, as conventional chemotherapy regimens only 
rarely cure this group. CDKs are important proteins 
that serve as regulators of the normal cell cycle [43]. 
Inhibition of CDKs leads to cell cycle arrest, which 
is advantageous in a disease such as AML. Flavopiri-
dol is a potent CDK inhibitor that has previously been 
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studied in patients with CLL [44]. Recently, it was added 
to chemotherapy as a strategy for treating newly diag-
nosed patients with high-risk AML [45]. Patients were 
considered high risk if they were older than 50 years, 
had secondary disease or had poor-risk cytogenetics. 
Patients were randomized to one of two dosing strate-
gies of flavopiridol based on previous studies indicat-
ing that duration of administration may impact the 
response. Patients either received 50 mg/m2 iv. over 
60 min (bolus regimen) daily for 3 days, or 30 mg/m2 
iv. over 30 min followed by 40 mg/m2 given as an iv. 
infusion over 4 h (hybrid regimen) daily for 3 days. On 
day 6, all patients received cytarabine 667 mg/m2 iv. 
continuous infusion over 24 h daily for 3 days, followed 
by mitoxantrone 40 mg/m2 iv. for one dose on day 9. 
There were 39 patients in each arm, and remission 
was achieved in 62 and 74% of the bolus and hybrid 
arms, respectively (including patients that did not 
have complete hematologic recovery). Despite a high 
rate of response, median OS was only between 11 and 
13 months, though patients were older at baseline 
(median age was 60 years). There was a clear associa-
tion between OS and age, with younger patients doing 
better. The toxicity profile was manageable, though 
there was one death due to tumor lysis syndrome, which 
is concerning given the supportive care available. The 
authors concluded that the administration strategies 
for flavopiridol were equivalent and planned to move 
forward with the bolus dosing due to convenience. A 
randomized trial of this regimen compared with 7 + 3 
is underway. 

The combination of anthracycline and cytarabine has 
been the accepted standard in AML therapy for decades. 
The drugs may be synergistic at the optimal molar ratio 
and research has been conducted in an effort to exploit 
this relationship [46]. CPX-351 is a liposomal formu-
lation containing a 5:1 molar ratio of cytarabine and 
daunorubicin. A randomized study was conducted in 
elderly patients with newly diagnosed AML evaluating 
CPX-351 compared with standard 7 + 3 [47]. CPX-351 
was given at a dose of 100 units/m2 iv. on days 1, 3 and 
5, while patients in the control arm received 7 + 3 with 
daunorubicin 60 mg/m2. Patients receiving CPX-351 
had a higher response rate, mostly driven by patients 
achieving CR with incomplete platelet recovery. Nota-
bly, there appeared to be less mortality at 60 days in 
the CPX-351 group (4.7 vs 14.6%) despite a significant 
increase in infections. The investigators also observed 
a larger difference in responses favoring CPX-351 in 
patients with secondary AML. 

Homoharringtonine (HHT) is a naturally occurring 
compound that has been used to treat AML for nearly 
40 years [48]. HHT and its derivatives exert their anti-
leukemic effects via protein synthesis inhibition and 

induction of apoptosis. Over the decades, semi-syn-
thetic compounds have been formulated and HHT has 
continued to be actively investigated as a treatment for 
multiple types of leukemia. One compound in particu-
lar, omacetaxine, has been approved for use in the USA. 
Recently, results from a multicenter, Phase III study in 
China were presented [49]. Patients with newly diag-
nosed AML were randomized to one of three induction 
chemotherapy regimens: 

 ■ Omacetaxine at 2 mg/m2 on days 1–7, cytarabine 
100 mg/m2/day iv. continuous infusion on days 1–7, 
aclarubicin 20 mg/day iv. on days 1–7 (OAA); 

 ■ Omacetaxine and cytarabine as in regimen 1 with 
daunorubicin 40 mg/m2 iv. on days 1–3;

 ■ 7 + 3 with daunorubicin dosed at 40–45 mg/m2 iv. 
on days 1–3. There were slightly more than 
200 patients enrolled on each arm of the study.

Both omacetaxine-containing arms led to a signifi-
cantly higher CR rate compared with the 7 + 3 group. 
EFS at 3 years was improved for the patients receiv-
ing OAA compared with 7 + 3. Furthermore, patients 
with favorable or intermediate risk cytogenetics had 
improved OS compared with the group treated with 
7 + 3. These results are intriguing, but some will argue 
that the 7 + 3 arm was destined to be inferior due to a 
suboptimal dose of anthracycline. The OAA regimen 
included aclarubicin, an anthracycline not available in 
the USA and it was given for 7 days. The authors did 
not provide the relative potency of this anthracycline to 
daunorubicin. It is also interesting that one omacetax-
ine-containing arm improved EFS and OS, but not the 
other. The authors await the publication of this study in 
a peer-reviewed journal where the authors may elaborate 
on some of these issues. 

The Cancer and Leukemia Group B recently tested 
the efficacy and safety of the addition of a proteasome 
inhibitor, bortezomib, to standard chemotherapy in 
patients aged 60–75 [50]. Standard induction chemo-
therapy included daunorubicin dosed at 60 mg/m2 iv. on 
days 1–3 and cytarabine given via continuous infusion 
at 100 mg/m2/day on days 1–7. During induction, bort-
ezomib was administered iv. on days 1, 4, 8 and 11 at 
a dose of 1.3 mg/m2. Responding patients were eligible 
to receive consolidation chemotherapy with cytarabine 
2000 mg/m2 iv. over 3 h on days 1–5 combined with 
bortezomib. A separate goal in this trial was to estab-
lish the maximum-tolerated dose of bortezomib in the 
consolidation portion. Overall, 95 patients were treated, 
and the CR rate was 65%, establishing the regimen 
as active. The investigators also found that tolerability 
was reasonable, and concluded that the regimen may 
warrant further study.
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Management of adult AML: salvage approach
Designing a treatment plan for a patient with relapsed 
AML generally depends on the prior therapy received 
and the duration of the previous remission. It is also 
important to revisit the cytogenetic and molecular 
studies in the event the patient harbors a mutation that 
might be targetable. All patients should be considered 
for available clinical trials, as most salvage chemotherapy 
regimens are inadequate. If the patient did not undergo 
alloHSCT previously, an attempt should be made to find 
an appropriate stem cell donor. For those unable to par-
ticipate in clinical trials, several chemotherapy regimens 
have been tested and endorsed by expert panels [16,17]. 
Regimens are selected based on what the patient has 
received previously and according the patient’s current 
organ function and performance status. Below some of 
the more significant progress that is being made in the 
management of relapsed or refractory AML, particularly 
in patients with FLT3 mutated disease, will be discussed. 
It is important to note, that using these agents as a sal-
vage therapy is only a start, and the goal is to take the 
most promising agents into the frontline setting.

 ■ FLT3 inhibitors
FLT3 is a receptor tyrosine kinase that normally plays 
a role in hematopoiesis. Nevertheless, the receptor is 
expressed on the surface of AML cells, and is thought 
to be involved in cell signaling and proliferation [51]. 
The discovery that the FLT3 gene is often mutated in 
AML blasts led investigators to explore FLT3’s influ-
ence on the natural history and prognosis of the dis-
ease. Two distinct types of activating mutations have 
been found, and include internal tandem duplication 
(ITD) of the intracellular juxtamembrane region, and 
point mutations in the tyrosine kinase domain (TKD). 
FLT3 ITDs have clearly been associated with a dismal 
prognosis, while TKDs do not appear to significantly 
impact prognosis [52]. Evidence suggests a possible ben-
efit from early alloHSCT for FLT3 ITD patients in first 
CR [53]. Furthermore, recent basic and clinical research 
has established that TKDs may confer resistance to 
small-molecule FLT3 inhibitors [54]. This area is rapidly 
evolving, and this article will review what the authors 
feel are the most significant findings to date.

Lestaurtinib (formerly CEP-701), one of the first 
FLT3 inhibitors under development, was evaluated 
in a randomized, multicenter study comparing the 
drug combined with chemotherapy versus chemo-
therapy alone [55]. Patients were enrolled if they had 
FLT3-mutated (ITD or point mutation) AML in first 
relapse. Chemotherapy was assigned according to the 
duration of first CR. Patients randomized to lestaurtinib 
received the drug starting 2 days after the completion 
of chemotherapy (day 7) at a dose of 80 mg orally every 

12 h. In total, 224 patients were randomized, and the 
groups were well balanced for baseline characteristics. 
The majority of patients in each group had a FLT3 
ITD as opposed to a TKD. Unfortunately, lestaurtinib 
failed to improve either the CR rate or OS, and was 
more toxic when compared with the control group. The 
30-day mortality rate was twice as high in the lestaur-
tinib group (12 vs 6%), though this was not statistically 
significant. 

The investigators performed several correlative stud-
ies that offered possible explanations for the negative 
results. First, there was substantial variability in the 
steady state plasma levels of the drug. Furthermore, 
remission rate was correlated with in vivo FLT3 inhibi-
tion, which was only achieved in approximately 50% 
of patients. The authors also uncovered a mechanism of 
resistance to multiple FLT3 inhibitors. Plasma levels of 
FLT3 ligand (FL) were noted to be drastically increased 
in response to chemotherapy, and such high concentra-
tions of FL were shown to impair FLT3 inhibition [56].
It was concluded that future studies may have to con-
sider FL levels when deciding what to combine FLT3 
inhibitors with and the optimal way to sequence these 
combinations.

Another nonselective FLT3 inhibitor, midostaurin, 
has also been evaluated relapsed in AML. The largest 
study published to date was a randomized trial looking 
at two doses of midostaurin administered as a single 
agent [57]. Importantly, this trial also enrolled patients 
with wild-type FLT3. Overall, 95 patients were treated 
with either 50 or 100 mg orally twice daily on a con-
tinuous basis. Most patients had relapsed or refractory 
disease, though some untreated patients deemed unable 
to tolerate standard chemotherapy were included. There 
were no CRs documented on this trial, though a sub-
stantial reduction in blast percentage was noted for 
mutated and wild-type patients at both doses that were 
explored. While a reduction in blast percentage and 
hematologic improvement are encouraging and estab-
lish the drug as being active, the median OS for the 
entire cohort was only slightly longer than 2 months. 
Therefore, combination therapy, or adding the drug to 
a frontline regimen may improve on these results. 

Sorafenib is a multikinase inhibitor that is 
FDA approved for renal cell and hepatocellular 
carcinomas [58]. While known to be a potent FLT3 
inhibitor, other important kinase targets of sorafenib 
include NRAS and c-KIT, which may also be impor-
tant in AML. The drug has been shown to be active in 
refractory AML in small studies [59,60]. In view of the 
data indicating that chemotherapy can induce a rise 
in FL and that FL confers resistance to FLT3 inhibi-
tors, Ravandi and colleagues designed a trial evalu-
ating sorafenib in combination with azacitidine [61]. 
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Azacitidine has single agent activity in AML, and is 
far less intense than traditional AML chemotherapy, 
potentially avoiding a substantial increase in FL. 
Patients received azacitidine 75 mg/m2 daily for 7 days 
per 28-day cycle combined with concurrent sorafenib 
400 mg orally twice daily given continuously. While 
the study permitted the enrollment of patients with 
wild-type FLT3, 40 out of 43 were positive for a FLT3 
ITD. The majority of patients had relapsed or refrac-
tory disease and had received a median of two previous 
therapies. Several patients had failed previous FLT3 
inhibitors, including sorafenib. At the time the data 
were presented, 34 patients were evaluable and the over-
all-response rate was 44% (29% CR with incomplete 
hematologic recovery, 12% CR and 3% with partial 
response). The toxicity profile was manageable, with 
rash and fatigue occurring most frequently. The regi-
men was able to bridge several patients to alloHSCT. 
FLT3 inhibition was measured, and the target was 
attained in 64% among patients who had samples 
available. Notably, FL levels were also monitored, and 
there did not appear to be as drastic a rise as noted in 
the previous trial with chemotherapy. 

More selective inhibitors of FLT3 may be able to 
optimize responses in AML patients with FLT3 ITD. 
Quizartinib (formerly AC220) has been shown to be 
more potent and selective for FLT3 than most other 
kinase inhibitors under development [62]. Results from a 
Phase I, open-label, multicenter study evaluating quizar-
tinib as a single agent were recently presented [63,64]. 
The study enrolled two distinct groups of patients and 
data were presented separately. The first cohort included 
elderly patients with primary refractory AML or a short 
duration of first CR [63]. There were 134 patients in this 
portion of the study and they could have had either a 
FLT3 ITD (69%) or a point mutation (31%). Quizar-
tinib was given continuously at a dose of 135 mg/day 
to male patients and 90 mg/day to female patients. The 
investigators used an end point known as composite 
remission (CRc), which was defined as CR, CR without 
hematologic recovery or CR without platelet recovery. 
Patients with FLT3 ITD achieved a CRc of 54%, which 
was almost exclusively due to CR without hematologic 
recovery (51%). No patient achieved actual CR and the 
median OS in this group was 25.3 weeks. The most 
concerning adverse effect was grades 3/4 QT prolonga-
tion, which occurred in 13% of the patients. There was 
one episode of torsade de pointes, which was not fatal.

The second component of the above study evaluated 
quizartinib in patients with relapsed AML beyond the 
first salvage chemotherapy regimen or those who were 
status post alloHSCT [64]. There were 137 patients 
enrolled and they were given the same doses of quizar-
tinib as described above. When looking only at the FLT 

ITD patients, the CRc was 44%, with nine patients 
meeting the definition of CR. Of note, patients with 
wild-type FLT3 also responded to quizartinib (CRc rate 
of 34%). Once again, prolongation of the QT inter-
val was a frequently reported adverse event. However, 
in this group of patients, there were no grade 4 epi-
sodes and there were also no occurrences of torsade de 
pointes. The data thus far for quizartinib are encourag-
ing, though responses do not appear to be durable. That 
said, approximately a third of the patients were able to 
be bridged to an alloSCT, which is the goal of therapy 
in relapsed patients with AML. 

As the use of FLT3 inhibitors expands, identifying 
mechanisms and patterns of resistance will be crucial. 
One observation that has been made involves the emer-
gence of point mutations in the kinase domain at the time 
of relapse or progression on FLT3 directed therapy [65]. 
This phenomenon was predictable, as point mutations 
play a major role in resistance to tyrosine-kinase inhibi-
tors in chronic myeloid leukemia [66]. Crenolanib is a 
potent FLT3 inhibitor that was molecularly designed to 
retain activity in the presence of most known mutations. 
Investigators from the University of California San Fran-
cisco (CA, USA) and the University of Pennsylvania (PA, 
USA) have presented data indicating that crenolanib 
maintains potency in cases of quizartinib resistance [65]. 

Strategies to optimize the use of FLT3 inhibitors 
will continue to be an active area of research. The most 
attractive strategy is to use these agents as a component 
of the frontline treatment approach. This may lessen the 
impact had on the response to treatment by FL. Trials are 
underway evaluating quizartinib in this regard. In addi-
tion, since the goal is to take all patients with the FLT3 
ITD to alloHSCT, post-transplant maintenance therapy 
with FLT3 inhibitors may be a rational approach. 

 ■ Other strategies
Since cytarabine remains one of the cornerstone drugs 
in AML treatment, alternative formulations and drug 
delivery systems have been explored. Elacytarabine is a 
fatty-acid derivative of cytarabine, which is able to enter 
cells in a manner independent of nucleoside transporters 
[67]. A Phase II study evaluated elacytarabine as a single 
agent in relapsed or refractory patients [68]. Patients 
received 2000 mg/m2 iv. continuous infusion for 5 days 
every 3 weeks and were compared with matched his-
torical controls to measure efficacy. The CR rate in the 
elacytarabine group was low at 18%; however, it was 
significantly higher than what was achieved in the con-
trol group (4%). This study essentially established that 
elacytarabine has activity in a group of patients that 
likely exhibited cytarabine-resistant disease. Another 
Phase II, multinational study evaluated elacytarabine 
combined with idarubicin in patients refractory to 
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standard induction [69]. Patients with persistent disease 
on day 12 of therapy received idarubicin 12 mg/m2 iv. 
on days 1–3 with elacytarabine 1000 mg/m2 iv. continu-
ous infusion on days 1–5. A total of 40 patients were 
evaluable, and the CR/CR with incomplete recovery 
of blood counts rate was approximately 45%. While 
this is encouraging, there was no comparator group, so 
we do not know what percentage of patients may have 
responded to another cycle of standard induction or high 
doses of conventional cytarabine. Future studies will 
likely evaluate elacytarabine in a randomized fashion. 

CPX-351 (as discussed in the frontline section) 
has also been evaluated as salvage therapy for AML 
[70]. Patients suffering first relapse were randomized 
to CPX-351 100 units/m2 iv. on days 1, 3 and 5 or 
investigator’s choice of salvage therapy. More patients 
in the CPX-351 group had undergone alloHSCT. The 
CR/CR with incomplete recovery of blood counts rate 
was slightly higher in the CPX-351 group (51 vs 42%). 
The improvement in response came at a price of more 
grades 3–5 sepsis.

Nucleoside analogs (as discussed in the frontline sec-
tion) can also be used for AML in the salvage setting. 
They may be particularly useful in relapsed patients 
who have not been exposed to one of these agents pre-
viously. Elderly patients are less likely to be exposed 
to moderate or high doses of cytarabine during initial 
induction and consolidation, so this strategy may be a 
standard option for fit patients who relapse and who are 
ineligible for clinical trials. 

Faderl and colleagues conducted a randomized, 
Phase III, double-blind, placebo-controlled trial com-
paring moderate dose cytarabine with moderate dose 
cytarabine plus clofarabine [71]. Cytarabine was given 
at a dose of 1 g/m2 iv. daily in both arms, and clofara-
bine was given at a dose of 40 mg/m2 iv. daily in the 
experimental arm. There were 163 patients in each arm, 
and baseline characteristics were well balanced except 
for the fact that a higher proportion of patients in the 
clofarabine group had unfavorable cytogenetics (49 vs 
39%). Patients in both groups received a median of 
one cycle of therapy. The primary end point, median 
OS, was not statistically different between the groups, 
though EFS was improved in the clofarabine group. 
That said, median OS for both groups was greater 
than 6 months, which compared favorably to previous 
studies evaluating similar types of patients. 

Other ongoing and completed studies may further 
clarify the role of nucleoside analogs for the manage-
ment of relapsed AML. A randomized study comparing 
clofarabine- with fludarabine-containing chemotherapy 
(both combined with idarubicin and moderate-dose 
cytarabine) in younger patients (up to 60 years of 
age) was recently presented [26]. With limited follow 

up, response rates were similar between the two arms 
(44% f ludarabine and 38% clofarabine). Impor-
tantly, 20–30% in each group were able to move to an 
alloHSCT after receiving the chemotherapy. 

In a single-arm study, Jabbour and colleagues 
evaluated a regimen containing twice daily dosing of 
fludarabine and cytarabine (BIDFA) for patients with 
relapsed or refractory disease [72]. Initially this regimen 
also contained GO, though it was withdrawn from the 
market during the study. This study was designed to 
be able to enroll patients of all ages, so inherent dose 
modifications were included for patients older than 
65 years of age to minimize toxicity. Fludarabine was 
given at 15 mg/m2 iv. every 12 h for ten doses during 
induction, and cytarabine 0.5 g/m2 followed 4 h after 
each fludarabine dose (total of ten doses). Doses were 
also adjusted for renal function. Patients could receive 
up to two induction courses and responding patients 
could go on to receive six consolidation courses given 
according to an attenuated dosing schedule. There 
were 107 patients enrolled and the overall response rate 
was 26%. The regimen was very well tolerated with a 
4-week mortality of 9%. BIDFA could be considered 
for patients not eligible for clinical trials and for those 
patients in relapse who may benefit from a moderate 
dose cytarabine-based strategy.

Vosaroxin is a novel, fluoroquinolone derivative 
that has demonstrated cytotoxic activity in leukemia 
and other malignancies [73]. Its mechanism of action 
is similar to that of the anthracyclines (DNA inter-
calation and topoisomerase II inhibition), although it 
is resistant to p-glycoprotein-mediated drug efflux and 
may be less likely to contribute to free radical-related 
cardiotoxicity. A Phase III, placebo controlled, random-
ized trial (VALOR) is currently underway in patients 
with relapsed or refractory AML [102]. In this trial, 
patients receive several days of moderate dose cytarabine 
combined with either vosaroxin or placebo. 

Future perspective
While there have been considerable efforts involved in 
elucidating the genetic and molecular abnormalities 
that influence outcomes in AML, there is more work 
to be done. This is especially true from the therapeutic 
standpoint. It seems clear that we can do better than 
7 + 3 for newly diagnosed patients, as there have been 
several reports showing improvement in OS and other 
outcomes. The development of monoclonal antibody 
therapy for AML seems to be lagging behind other 
malignancies, mainly ALL and a number of the lym-
phomas. It seems warranted for regulatory bodies to 
consider ‘reapproving’ GO, as mounting evidence sug-
gests many AML patients benefit from this antibody–
drug conjugate. Important research is ongoing to clarify 
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the optimal use of FLT3 inhibitors in terms of both 
when they should be given and with what combina-
tion. A large number of mutations have been identified 
in AML and it will be important to establish which of 
these are ‘druggable’ or amenable to disruption of the 
pathway they influence. Agents that are most promis-
ing in salvage studies should be rapidly moved to the 
frontline approach, when presumably leukemia cells are 
most susceptible to therapy. 
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Executive summary

 ■ Better treatment options are necessary for adults diagnosed with acute myeloid leukemia (AML).
 ■ Chemotherapy regimens including purine nucleoside analogs (fludarabine, cladribine or clofarabine) may improve outcome when 
compared with the traditional ‘7 + 3’ regimen.

 ■ The development of monoclonal antibody therapy for AML has been slow and this represents an area where large enhancements 
to therapy may be realized.

 ■ Gemtuzumab ozogamicin, a monoclonal antibody that was withdrawn from the market, has seen a renewal in interest due to 
emerging data indicating it improves survival in certain subsets of AML patients.

 ■ Optimizing the incorporation of epigenetic therapies, such as azacitidine and decitabine, into AML regimens is a promising 
strategy.

 ■ Molecularly targeted approaches to disrupt aberrant signaling pathways continue to be actively investigated.
 ■ The ideal strategy for utilizing small-molecule FLT3 inhibitors continues to be refined.

References
Papers of special note have been highlighted as:
n	 of interest
n		n	 of considerable interest

1 Yates J, Glidewell O, Wiernik P et al. 
Cytosine arabinoside with daunorubicin or 
adriamycin for therapy of acute myelocytic 
leukemia: a CALGB study. Blood 60, 
454–462 (1982). 

2 Mayer RJ, Davis RB, Schiffer CA et al. 
Intensive post-remission chemotherapy in 
adults with acute myeloid leukemia. Cancer 
and Leukemia Group B. N. Engl. J. Med. 
331(14), 896–903 (1994).

3 Kern W, Estey EH. High-dose cytosine 
arabinoside in the treatment of acute myeloid 
leukemia. Cancer 107(1), 116–124 (2006).

4 Byrd JC, Mrozek K, Dodge RK et al. 
Pretreatment cytogenetic abnormalities are 
predictive of induction success, cumulative 
incidence of relapse, and overall survival in 
adult patients with de novo acute myeloid 
leukemia: results from Cancer and Leukemia 
Group B (CALGB 8461). Blood 100(13), 
4325–4336 (2002).

5 Patel JP, Gonen M, Figueroa ME et al. 
Prognostic relevance of integrated genetic 
profiling in acute myeloid leukemia. N. Engl. 
J. Med. 366(12), 1079–1089 (2012).

6 Ravandi F, Estey E, Jones D et al. Effective 
treatment of acute promyelocytic leukemia 
with all-trans retinoic acid, arsenic trioxide, 

and gemtuzumab ozogamicin. J. Clin. Oncol. 
27(4), 504–510 (2009).

7 Ohnishi K. PML-RAR-alpha inhibitors 
(ATRA, tamibarotene, arsenic trioxide) for 
acute promyelocytic leukemia. Int. J. Clin. 
Oncol. 12, 313–317 (2007).

8 Lo-Coco F, Avvisati G, Orlando SM et al. 
ATRA and arsenic trioxide (ATO) versus 
ATRA and idarubicin (AIDA) for newly 
diagnosed, non-high-risk acute promyelocytic 
leukemia (APL): results of the Phase III, 
randomized, Intergroup APL0406 study by the 
Italian-German Cooperative Groups 
GIMEMA-SAL-AMLSG. Blood 120, Abstract 
6 (2012).

9 Thomas DA, O’Brien S, Faderl S et al. 
Chemoimmunotherapy with a modified hyper-
CVAD and rituximab regimen improves 
outcome in de novo Philadelphia chromosome-
negative precursor B-lineage acute 
lymphoblastic leukemia. J. Clin. Oncol. 
28(24), 3880–3889 (2010).

10 Kantarjian H, Thomas D, Jorgensen J et al. 
Inotuzumab ozogamicin, an anti-CD22-
calicheamicin conjugate, for refractory and 
relapsed acute lymphocytic leukaemia: a 
Phase 2 study. Lancet Oncol. 13, 403–411 
(2012).

11 Topp MS, Kufer P, Gokbuget N et al. Targeted 
therapy with the T-cell-engaging antibody 
blinatumomab of chemotherapy-refractory 

minimal residual disease in B-lineage acute 
lymphoblastic leukemia patients results in high 
response rate and prolonged leukemia-free 
survival. J. Clin. Oncol. 29, 2493–2498 (2011).

12 Fernandez HF, Sun Z, Yao X et al. 
Anthracycline dose intensification in acute 
myeloid leukemia. N. Engl. J. Med. 361(13), 
1249–1259 (2009).

n	 This study showed that intensifying the 
daunorubicin dose during induction 
improves survival for certain subsets of 
younger patients with acute myeloid 
leukemia.

13 Lowenberg B, Ossenkoppele GJ, van Putten 
W et al. High-dose daunorubicin in older 
patients with acute myeloid leukemia. 
N. Engl. J. Med. 361(13), 1235–1248 
(2009).

n	 This study showed that intensifying the 
daunorubicin dose during induction 
improves survival for certain subsets of 
older patients with acute myeloid leukemia.

14 Gardin C, Chevret S, Pautas C et al. Superior 
long-term outcome with idarubicin compared 
with high-dose daunorubicin in patients with 
acute myeloid leukemia age 50 years and 
older. J. Clin. Oncol. 31(3), 321–327 (2013).

15 Pautas C, Merabet F, Thomas X et al. 
Randomized study of intensified 
anthracycline doses for induction and 



Novel treatment options for acute myelocytic leukemia Review: Clinical Trial Outcomes

future science group Clin. Invest. (2013) 3(10) 989

recombinant interleukin-2 for maintenance 
in patients with acute myeloid leukemia age 
50 to 70 years: results of the ALFA-9801 
study. J. Clin. Oncol. 28(5), 808–814 (2010).

16 O’Donnell MR, Abboud CN, Altman J et al. 
Acute myeloid leukemia. J. Natl Compr. 
Canc. Netw. 10(8), 984–1021 (2012).

17 Dohner H, Estey E, Amadori S et al. 
Diagnosis and management of acute myeloid 
leukemia in adults: recommendation from an 
international expert panel, on behalf of the 
European LeukemiaNet. Blood 115, 453–474 
(2010).

18 Lowenberg B, Pabst T, Vellenga E et al. 
Cytarabine dose for acute myeloid leukemia. 
N. Engl. J. Med. 364(11), 1027–1036 (2011).

19 Kantarjian HM, Jeha S, Gandhi V et al. 
Clofarabine: past, present, and future. Leuk. 
Lymphoma. 48(10), 1922–1930 (2007).

20 Borthakur G, Kantarjian H, Wang X et al. 
Treatment of core-binding factor in acute 
myelogenous leukemia with fludarabine, 
cytarabine, and granulocyte-colony 
stimulating factor results in improved event-
free survival. Cancer 113(11), 3181–3185 
(2008).

21 Burnett AK, Hills RK, Milligan D et al. 
Attempts to optimize induction and 
consolidation chemotherapy in patients with 
acute myeloid leukemia: results of the MRC 
AML15 trial. Blood 114, Abstract 484 
(2009).

22 Leustatin® (cladribine) package insert. 
Raritan, NJ. Centocor Ortho Biotech 
Products, LP, July 2012.

23 Gandhi V, Estey E, Keating MJ et al. 
Chlorodeoxyadenosine and 
arabinosylcytosine in patients with acute 
myelogenous leukemia: pharmacokinetic, 
pharmacodynamic, and molecular 
interaction. Blood 87, 256–264 (1996).

24 Holowiecki J, Grosicki S, Giebel S et al. 
Cladribine, but not fludarabine, added to 
daunorubicin and cytarabine during 
induction prolongs survival of patients with 
acute myeloid leukemia: a multicenter, 
randomized Phase III study. J. Clin. Oncol. 
30(20), 2441–2448 (2012).

n		n	 One of the only randomized trials 
indicating a survival benefit when an 
additional agent is added to standard 
chemotherapy.

25 Nazha A, Ravandi F, Kantarjian HM et al. 
Clofarabine, idarubicin, and cytarabine 
(CIA) as frontline therapy for patients ≤ 60 
years with newly diagnosed acute myeloid 
leukemia (AML). Blood 120, Abstract 43 
(2012).

26 Mathisen MS, Kantarjian HM, Ravandi F et 
al. Updated results of a Phase I/II randomized 
study of clofarabine combine with idarubicin 
and cytarabine (CIA) or fludarabine combined 
with idarubicin and cytarabine (FIA) for the 
treatment of patients with newly diagnosed or 
relapsed/refractory acute myeloid leukemia 
(AML). Blood 120, Abstract 3610 (2012).

27 Faderl S, Ravandi F, Huang X et al. 
Clofarabine plus low-dose cytarabine followed 
by clofarabine plus low-dose cytarabine 
alternating with decitabine in acute myeloid 
leukemia frontline therapy for older adults. 
Cancer 118, 4471–4477 (2012).

28 Petersdorf SH, Kopecky KJ, Slovak M et al. 
A Phase III study of gemtuzumab ozogamicin 
during induction and post-consolidation 
therapy in younger patients with acute 
myeloid leukemia. Blood 121(24), 4854–4860 
(2013).

29 Ravandi F, Estey EH, Appelbaum FR et al. 
Gemtuzumab ozogamicin: time to resurrect? 
J. Clin. Oncol. 30(32), 3921–3923 (2012).

30 Castaigne S, Pautas C, Terre C et al. Effect of 
gemtuzumab ozogamicin on survival of adult 
patients with de novo acute myeloid leukaemia 
(ALFA-0701): a randomised, open-label, 
Phase 3 study. Lancet 379(9825), 1508–1516 
(2012).

31 Burnett AK, Hills RK, Milligan D et al. 
Identification of patients with acute 
myeloblastic leukemia who benefit from the 
addition of gemtuzumab ozogamicin: results 
of the MRC 15 trial. J. Clin. Oncol. 29(4), 
369–377 (2011).

32 Burnett AK, Russell NH, Hills RK et al. 
Addition of gemtuzumab ozogamicin to 
induction chemotherapy improves survival in 
older patients with acute myeloid leukemia. 
J. Clin. Oncol. 30(32), 3924–3931 (2012).

33 Estey E. Treatment of AML: resurrection for 
gemtuzumab ozogamicin? Lancet. 379(9825), 
1468–1469 (2012).

34 Fenaux P, Mufti GJ, Hellstrom-Lindberg E et 
al. Efficacy of azacitidine compared with that 
of conventional care regimens in the treatment 
of higher risk myelodysplastic syndromes: a 
randomised, open-label, Phase III study. 
Lancet Oncol. 10(3), 223–232 (2009).

35 Steensma DP, Baer MR, Slack JL et al. 
Multicenter study of decitabine administered 
daily for 5 days every 4 weeks to adults with 
myelodysplastic syndromes: the alternative 
dosing for outpatient treatment (ADOPT) 
trial. J. Clin. Oncol. 27(23), 3842–3848 
(2009).

36 Kantarjian HM, Thomas XG, Dmoszynska 
A et al. Multicenter, randomized, open-label, 
Phase III trial of decitabine versus patient 

choice, with physician advice, of either 
supportive care or low-dose cytarabine for the 
treatment of older patients with newly 
diagnosed acute myeloid leukemia. J. Clin. 
Oncol. 30(21), 2670–2677 (2012).

37 Blum W, Garzon R, Klisovic RB et al. 
Clinical response and miR-29b predictive 
significance in older AML patients treated 
with a 10-day schedule of decitabine. Proc. 
Natl Acad. Sci. USA 107(16), 7473–7478 
(2010).

38 Scandura JM, Roboz GJ, Moh M et al. 
Phase 1 study of epigenetic priming with 
decitabine prior to standard induction 
chemotherapy for patients with AML. 
Blood 118, 1472–1480 (2011).

39 Schlenk RF, Herr W, Wulf G et al. 
Azacitidine-containing induction regimens 
followed by azacitidine maintenance therapy 
in high risk acute myeloid leukemia: first 
results of the randomized Phase II AMLSG 
12–09 study. Blood 120, Abstract 412 (2012).

40 Kantarjian H, Wilson W, Ravandi F, Estey E. 
Decitabine in older adults with acute myeloid 
leukemia: why was the dream broken? J. Clin. 
Oncol. 31(14), 1795–1796 (2013).

41 Qin T, Youssef EM, Jelinek J et al. Effect of 
cytarabine and decitabine in combination in 
human leukemic cell lines. Clin. Cancer Res. 
13(14), 4225–4232 (2007).

42 Blum W, Sanford B, Klisovic RB et al. 
Maintenance therapy with decitabine in 
younger adults with acute myeloid leukemia 
(AML) in first remission: a Phase II Cancer 
and Leukemia Group B study (CALGB 
10503, Alliance). Blood 120, Abstract 44 
(2012).

43 Zhai S, Senderowicz AM, Sausville EA, Figg 
WD. Flavopiridol, a novel cyclin-dependent 
kinase inhibitor, in clinical development. 
Ann. Pharmacother. 36, 905–911 (2002).

44 Lin TS, Ruppert AS, Johnson AJ et al. 
Phase II study of flavopiridol in relapsed 
chronic lymphocytic leukemia demonstrating 
high response rates in genetically high-risk 
disease. J. Clin. Oncol. 27, 6012–6018 (2009).

45 Karp JE, Garrett-Meyer E, Estey E et al. 
Randomized Phase II study of two schedules 
of flavopiridol given as timed sequential 
therapy with cytosine arabinoside and 
mitoxantrone for adults with newly 
diagnosed, poor-risk acute myelogenous 
leukemia. Haematologica 97(11), 1736–1742 
(2013).

46 Tardi P, Johnstone S, Harasym N et al. In 
vivo maintenance of synergistic 
cytarabine:daunorubicin ratios greatly 
enhances therapeutic efficacy. Leuk. Res. 
33(1), 129–139 (2009).



www.future-science.com future science group990

Review: Clinical Trial Outcomes  Mathisen, Kantarjian, Cortes, Ravandi & Jabbour

47 Lancet JE, Cortes JE, Hogge DE et al. 
Phase 2B randomized study of CPX-351 vs. 
cytarabine + daunorubicin (7 + 3 regimen) in 
newly diagnosed AML patients aged 60–75. 
Blood 116, Abstract 655 (2010).

48 Quintas-Cardama A, Cortes J. 
Homoharringtonine for the treatment of 
chronic myelogenous leukemia. Expert. Opin. 
Pharmacother. 9(6), 1029–1037 (2008).

49 Jin J, Wang J, Chen F et al. 
Homoharringtonine-based induction 
regimens for patients with de novo acute 
myeloid leukemia: a multicenter randomized 
controlled Phase 3 trial. Blood 120, Abstract 
45 (2012).

50 Attar EC, Johnson JL, Amrein PC et al. 
Bortezomib added to daunorubicin and 
cytarabine during induction therapy and to 
intermediate-dose cytarabine for 
consolidation in patients with previously 
untreated acute myeloid leukemia age 60 to 
75 years: CALGB (Alliance) Study 10502. 
J. Clin. Oncol. 31(7), 923–929 (2013).

51 Fathi A, Levis M. FLT3 inhibitors: a story of 
the old and the new. Curr. Opin. Hematol. 
18(2), 71–76 (2011).

52 Mead AJ, Gale RE, Hills RK et al. 
Conflicting data on the prognostic 
significance of FLT3/TKD mutations in 
acute myeloid leukemia might be related to 
the incidence of biallelic disease. Blood 112, 
444–445 (2008).

53 DeZern AE, Sung A, Kim S et al. Role of 
allogeneic transplantation for FLT3/ITD 
acute myeloid leukemia: outcomes from 133 
newly diagnosed patients from a single 
institution. Biol. Blood Marrow Transplant 
17(9), 1404–1409 (2011).

54 Smith CC, Wang Q, Chin CS et al. 
Validation of ITD mutations in FLT3 as a 
therapeutic target in human acute myeloid 
leukaemia. Nature 485(7397), 260–263 
(2012).

55 Levis M, Ravandi F, Wang ES et al. Results 
from a randomized trial of salvage 
chemotherapy followed by lestaurtinib for 
patients with FLT3 mutant AML in first 
relapse. Blood 117(12), 3294–3301 (2011).

56 Sato T, Yang X, Knapper S et al. FLT3 ligand 
impedes the efficacy of FLT3 inhibitors in 
vitro and in vivo. Blood 117(12), 3286–3293 
(2011).

57 Fischer T, Stone RM, DeAngelo DJ et al. 
Phase IIB trial of oral midostaurin 
(PKC412), the FMS-like tyrosine kinase 3 
receptor (FLT3) and multi-targeted kinase 
inhibitor, in patients with acute myeloid 
leukemia and high-risk myelodysplastic 
syndrome with either wild-type or mutated 
FLT3. J. Clin. Oncol. 28(28), 4339–4345 
(2010).

58 Nexavar® (sorafenib) Package Insert. Bayer 
Healthcare Pharmaceuticals, Inc. NJ, USA.

59 Borthakur G, Kantarjian H, Ravandi F et al. 
Phase I study of sorafenib in patients with 
refractory or relapsed acute leukemias. 
Haematologica. 96(1), 62–68 (2011).

60 Metzelder S, Wang Y, Wollmer E et al. 
Compassionate use of sorafenib in FLT3-
ITD-positive acute myeloid leukemia: 
sustained regression before and after 
allogeneic stem cell transplantation. Blood 
113(26), 6567–6571 (2009).

61 Ravandi F, Alattar ML, Grunwald MR et al. 
Phase II study of azacitidine plus sorafenib in 
patients with acute myeloid leukemia and 
FLT-3 internal tandem duplication mutation. 
Blood 121(23), 4655–4662 (2013).

62 Zarrinkar PP, Gunawardane RN, Cramer 
MD et al. AC220 is a uniquely potent and 
selective inhibitor of FLT3 for the treatment 
of acute myeloid leukemia. Blood 114(14), 
2984–2992 (2009).

63 Cortes JE, Perl AE, Dombret H et al. Final 
results of a Phase 2 open-label monotherapy 
efficacy and safety study of quizartinib 
(AC220) in patients ≤ 60 years of age with 
FLT3 ITD positive or negative relapsed/
refractory acute myeloid leukemia. Blood 
120, Abstract 48 (2012).

64 Levis MJ, Perl AE, Dombret H et al. Final 
results of a Phase 2 open-label, monotherapy 
efficacy and safety study of quizartinib 
(AC220) in patients with FLT3-ITD positive 
or negative relapsed/refractory acute myeloid 
leukemia after second-line chemotherapy or 
hematopoietic stem cell transplantation. 
Blood 120, Abstract 673 (2012).

65 Smith CC, Lasater E, McCreery M et al. 
Crenolanib (CP-868,596) is a potent and 
selective type I FLT3 inhibitor that retains 
activity against AC220 resistance-causing 
FLT3 kinase domain mutations. Blood 120, 
Abstract 141 (2012).

66 Jabbour E, Branford S, Saglio G et al. 
Practical advice for determining the role of 
BCR-ABL mutations in guiding tyrosine 
kinase inhibitor therapy in patients with 
chronic myeloid leukemia. Cancer 117(9), 
1800–1811 (2011).

67 Burke AC, Giles FJ. Elacytarabine—lipid 
vector technology overcoming drug resistance 
in acute myeloid leukemia. Expert Opin. 
Investig. Drugs. 20(12), 1707–1715 (2011).

68 O’Brien S, Rizzieri DA, Vey N et al. 
Elacytarabine has single agent activity in 
patients with advanced acute myeloid 
leukemia. Br. J. Haematol. 158(5), 581–588 
(2012).

69 Rizzieri DA, Vey N, Thomas X et al. A 
Phase II study of elacytarabine/idarubicin as 
second course remission induction in patients 
who failed cytarabine/anthracycline. Blood 
120, Abstract 46 (2012).

70 Cortes JE, Feldman E, Goldberg SL et al. A 
randomized Phase 2b study of CPX-351 vs. 
intensive salvage therapy in < 65 YO first 
relapse AML patients: initial efficacy and 
safety report. Blood 118, Abstract 254 (2011).

71 Faderl S, Wetzler M, Rizzieri D et al. 
Clofarabine plus cytarabine compared with 
cytarabine alone in older patients with 
relapsed or refractory acute myeloid leukemia: 
results from the CLASSIC I trial. J. Clin. 
Oncol. 30(20), 2492–2499 (2012).

72 Jabbour E, Garcia-Manero G, Cortes J et al. 
Twice daily fludarabine and cytarabine 
combination with or without gemtuzumab 
ozogamicin is effective in patients with 
relapsed/refractory acute myeloid leukemia, 
high-risk myelodysplastic syndrome, or blast-
phase chronic myeloid leukemia. Clin. 
Lymphoma Myeloma Leuk. 12(4), 244–251 
(2012).

73 Abbas JA, Stuart RK. Vosaroxin: a novel 
antineoplastic quinolone. Expert Opin. 
Investig. Drugs. 21(8), 1223–1233 (2012).

 ■ Websites
101 SEER Stat Fact Sheets: Acute Myeloid 

Leukemia. National Cancer Institute, 
Bethesda, MD, USA (2012). 
http://seer.cancer.gov/statfacts/html/amyl.
html

102 ClinicalTrial Database: NCT01191801. 
www.clinicaltrials.gov/show/NCT01191801


