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Abstract We conducted a phase I study using midos-

taurin (25 or 50 mg orally twice daily), all-trans retinoic

acid (ATRA) and CLAG chemotherapy to target multiple

pathways in relapsed/refractory AML. 10 patients received

the combination and no dose-limiting toxicities were

observed. Two patients (22 %) achieved complete remis-

sion and 1 patient (11 %) achieved complete remission

with incomplete count recovery. Pharmacokinetic data

showed that the 25 mg dosing of midostaurin achieved

therapeutic levels with no significant interaction between

midostaurin and ATRA. With evidence of activity of

ATRA in NPM1-mutated AML and midostaurin in FLT3-

ITD AML, this combination warrants further investigation.

Keywords AML � Midostaurin � ATRA � Phase I �
Targeted therapy � CLAG

Abbreviations

AML Acute myelogenous leukemia

CLAG Cladribine 5 mg/m2 given intravenously on days

2–6, Ara-C 2 g/m2 given intravenously on days

2–6, G-CSF 300 lg given subcutaneously on

days 1–6

ATRA All-trans retinoic acid

ICTS Institute for Clinical and Translational Science

Ara-C Cytarabine

G-CSF Granulocyte colony stimulating factor

MDS Myelodysplastic syndrome

CR Complete remission

PR Partial remission

CRi Complete remission with incomplete count

recovery

MTD Maximum tolerated dose

DLT Dose-limiting toxicity

Introduction

Patients with relapsed or refractory acute myeloid leukemia

(AML) have poor outcome with conventional salvage

chemotherapy. Hence there is a need for better treatment

options for these patients. Since multiple signal transduc-

tion pathways are simultaneously activated/dysregulated in

AML [1], combination of salvage chemotherapy and agents

that target survival/signaling pathways may provide a

higher disease remission. In this single-institutional phase I

study, we investigated the combination of a potent salvage

chemotherapy regimen containing cladribine, cytarabine

(Ara-C) and granulocyte colony stimulating factor (G-CSF)

(CLAG) along with a tyrosine kinase inhibitor (midostau-

rin) and a differentiation-inducing agent All-trans retinoic
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acid (ATRA) to assess its tolerability and to identify

whether standard dose midostaurin (50 mg BID) could be

tolerated in this combination in relapsed/refractory adult

AML. Cladribine is known to have a high activity in AML

and CLAG has been previously shown to be efficacious in

relapsed/refractory AML [2]. In a recent Phase III trial, the

addition of cladribine to cytarabine and daunorubicin was

found to improve survival [3]. A phase I study using CLAG

in combination with G-CSF and imatinib, a tyrosine kinase

inhibitor, showed good tolerability for this combination

[4]. FLT-3 mutations are seen in about 25–30 % of patients

with AML and are associated with poor long-term survival

[5]. FLT-3 is also overexpressed and shows high activity in

patients without FLT-3 mutations. Constitutively activated

FLT-3 signals through pathways that include ras/MAP

kinase, STAT5, and PI3 kinase/AKT, contributing to

blocks in apoptosis and differentiation and stimulating

proliferation making FLT-3 a promising target in AML [6].

Midostaurin is a multi-targeted kinase inhibitor that has

been shown to inhibit both wild type and mutated FLT-3.

Both directly and indirectly, midostaurin also potently

inhibits multiple other molecular targets thought to be

important for the pathogenesis of AML like VEGFR-1, a

VEGF receptor; c-kit; H-and K-ras; as well as the multi-

drug resistant gene, MDR [7]. The lack of myelosuppres-

sion observed in solid tumor patients treated with

midostaurin offers the possibility of increased therapeutic

efficacy without prolonged myelosuppression when com-

bined with standard chemotherapy in AML patients [8].

In a recent phase IIb study in patients with AML and

high-risk myelodysplastic syndrome (MDS), midostaurin

as a single agent showed a response rate [defined as

complete response (CR), partial response (PR), hemato-

logic improvement, or reduction in peripheral blood or

bone marrow blasts by C50 %] of 71 % in FLT3-mutated

patients and 42 % in FLT3 wild-type patients [9]. A

phase Ib study in newly diagnosed young adult AML

using the combination of midostaurin with Ara-C and

daunorubicin showed good tolerability with 50 mg twice

daily dosing of midostaurin and high CR rate in both

FLT3 positive (92 %) and negative patients (74 %) [10].

ATRA is known to have multiple effects in AML cells.

In vitro studies have suggested that ATRA induces dif-

ferentiation not only in AML-M3, but also in other sub-

types of AML [11]. In HL-60 cell lines, ATRA induces

differentiation and apoptosis by decreasing intracellular

Bcl-2 [12]. In AML cell lines ATRA has been shown to

increase sensitivity to Ara-C [13]. ATRA is also known to

enhance apoptosis that is induced by FLT3 inhibitors in

FLT3-ITD-positive AML cells [14]. In addition, ATRA

has been shown to differentially modulate several cellular

adhesion molecules in APL as well as non-APL cells

[15]. These adhesion molecules are known to play a

significant role in myeloid differentiation, stem cell

mobilization and chemosensitization of the leukemic

cells. Interaction of the bone marrow microenvironment

with leukemic stem cells plays a crucial role in the

pathogenesis of AML [16]. Moreover, addition of ATRA

to induction therapy has shown to produce superior results

in AML patients over 60 years of age [17]. We hence

designed this phase I study combining midostaurin along

with ATRA and CLAG chemotherapy to identify the

MTD of midostaurin in this combination.

Materials and methods

This was a single-institutional, open-label, limited dose

escalation phase I study designed to evaluate midostaurin

administered orally at 2 dose levels (25 and 50 mg twice

daily) in combination with ATRA and CLAG chemother-

apy in patients with relapsed/refractory AML. We chose 2

doses instead of 3 doses since it has been known that at

doses higher than 50 mg twice daily there is auto-induction

of metabolism leading to similar systemic levels of the

drug. In addition, there were higher gastrointestinal toxic-

ities observed in previous studies at 75 mg twice daily

dosing. The study was conducted in compliance with the

Declaration of Helsinki, and the applicable local and

national regulations.

Objectives

The primary objective was to determine the safety and

toxicity of midostaurin in combination with ATRA and

CLAG in relapsed refractory AML and identify the MT

of midostaurin in this combination. The secondary objec-

tives were to evaluate the response rate and to study

the pharmacokinetics of midostaurin and ATRA in this

combination.

Eligibility

Patients C18 years with relapsed or refractory AML were

included. Relapsed AML was defined as any evidence of

disease recurrence after achieving CR. Refractory AML

was defined as failure to achieve CR after 2 cycles of

induction chemotherapy or persistence of [40 % blasts

after one cycle of induction chemotherapy. Other eligibility

criteria included: (1) aspartate transaminase (AST) and

alanine transaminase (ALT) B1.59 upper limit of normal

(ULN); (2) serum bilirubin B1.59 ULN and 3) Serum

creatinine B1.59 ULN. Patients with APL, central nervous

system involvement and patients with significant history of

congestive heart failure, cardiac arrhythmias and prolonged

QTc interval were excluded from the study.
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Treatment plan

The treatment regimen consisted of CLAG induction reg-

imen (cladribine 5 mg/m2 given intravenously on days 2–6,

Ara-C 2 g/m2 given intravenously on days 2–6, G-CSF

300 lg given subcutaneously on days 1–6), ATRA 15 mg/

m2 given orally in two divided doses daily on days 7–20,

midostaurin 25 mg (cohort 1) or 50 mg (cohort 2) orally

twice daily on days 7–20 (Fig. 1). Response was assessed

by a bone marrow examination done on days 28–45. If no

dose-limiting toxicity (DLT) was observed within the first

28 days in any of the patients in cohort 1, enrollment

commenced at the next dose level. It was required that 6

patients be enrolled at the MTD. Eligible and suitable

patients were allowed to undergo allogeneic stem cell

transplantation after the treatment. For ineligible patient or

patient with no suitable donors, a second cycle of the same

treatment regimen was offered.

Response definition

Treatment response was assessed according to International

Working Group criteria [18]. Patients were monitored for

safety by assessing all adverse events according to the

National Cancer Institute Common Terminology Criteria for

Adverse Events version 4.0. Other safety evaluations inclu-

ded complete blood count and serum chemistries, vital signs,

physical examination, bone marrow aspirate and biopsy.

Statistical methods

Dose escalations were carried out in standard ‘3?3’ design,

but with only 2 dose cohorts (midostaurin 25 mg dose

cohort and midostaurin 50 mg dose cohort). Occurrence of

DLT in the first cycle in any patient was cause for the

addition of at least 3 additional patients at that dose level.

All patients who received therapy on study were consid-

ered evaluable for toxicity. DLT was defined as non-

hematological toxicity C3 (NCI common criteria version 4)

considered possibly related to study drug. The MTD is

defined as the dose combination that caused drug-related

grade 3/4 non-hematologic toxicity in one-third or more of

the patients treated. All patients provided written informed

consent.

Results

Patient characteristics

Eleven patients were enrolled in the study (4 in cohort 1

and 7 in cohort 2) (Table 1). The median age was 52 years

(range 32–71, SD 10.9) and 5 (45 %) were male. Nine

(82 %) had relapsed AML and 2 (18 %) were refractory to

initial induction chemotherapy (first relapse, 7; second

relapse, 2; refractory after first induction, 2). FLT-3

mutation was positive in 6 patients (5 ITD and 1 D835

mutations), negative in 4 and unknown in 1. 2 patients had

complex karyotype cytogenetics. The ECOG performance

score was 0 for all enrolled patients.

Treatment

Of the 11 patients enrolled in the study, 1 withdrew consent

prior to starting the treatment. The remaining 10 patients (4

in cohort 1 and 6 in cohort 2) were evaluable for toxicity.

Fig. 1 Schematic

representation of the treatment

protocol
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One patient in cohort 1 died on day 14 of treatment due to

pulmonary hemorrhage, which was unrelated to the study

drug, and hence only the remaining 9 (3 in cohort 1 and 6

in cohort 2) were evaluable for response (Table 2).

Safety and adverse events

There was no DLT observed in any of the cohorts and

hence MTD was not reached. Grade 3/4 hematological

toxicity was seen in 100 % of patients as expected. 8

patients had grade 3/4 non-hematological toxicity not

related to midostaurin or ATRA (hyperglycemia, 3

patients; pneumonia, 2 patients; sepsis, 2 patients; sinusitis,

1 patient; hypokalemia, 1 patient; hyperkalemia, 1 patient;

hyponatremia, 1 patient; and hypertriglyceridemia, 1

patient). One patient had grade 5 pulmonary hemorrhage

attributed to thrombocytopenia that resulted in death on

day 14 and was considered not attributed to the study

drugs. Significant hepatotoxicity (grade 3/4) was not

observed in our two dosing cohorts, which is likely due to

avoiding the concomitant use of azoles with midostaurin

and ATRA in this study.

Pharmacokinetics

We performed pharmacokinetic studies to study the

potential drug–drug interaction between midostaurin and

ATRA. We measured ATRA and midostaurin levels on day

7 of Cycle 1 at baseline and 4, 8 and 12 h post adminis-

tration in cohorts 1 and 2 (midostaurin level 25 and 50 mg,

respectively) as presented on Fig. 1. The bioanalytical

analysis using LC–MS/MS method formidostaurin, its

metabolites and ATRA performed at SGS Life Science

Service (St Benoit, France). The LLOQs were 10 and

1.00 ng/ml for midostaurin CGP62221, CGP52421 and for

ATRA, respectively. Midostaurin concentrations were

similar to those already reported at the same dose levels.

No drug–drug interaction between midostaurin and ATRA

was observed as shown on Fig. 2.

Response

Overall 2 patients (22 %) achieved CR and 1 patient

(11 %) achieved CR with partial count recovery. 5 patients

died and the causes of death were progressive disease in 4

and respiratory failure secondary to pulmonary hemorrhage

in 1. Median overall survival was 106 days (range 26–338).

8 patients died after day 50 due to progressive disease.

There was one long-term survivor. Interestingly, in one of

the patients the relapsed AML blasts converted from FLT3

ITD positive to negative suggesting the possibility of

FLT3-negative clone emerging after therapy.

Discussion

Our study suggests that the combination of CLAG with

midostaurin and ATRA regimen appears to have an

acceptable toxicity profile for relapsed/refractory AML.

The dose of midostaurin in this combination is identified to

be 50 mg orally twice daily. Of note is the significant

paucity of liver toxicity, which is likely due to avoiding

concurrent administration of azoles with ATRA and mi-

dostaurin. Our pharmacokinetic data suggest that there is

no major interaction between midostaurin and ATRA in

this combination.

Table 2 Toxicity profile

Grade 1/2 Grade 3/4 Grade 5

Cardiovascular

Cohort 1 1

Cohort 2 2

Skin

Cohort 1

Cohort 2 2

Gastrointestinal

Cohort 1 1

Cohort 2 4

Hematological

Cohort 1 4 5

Cohort 2 16 24

Hepatic

Cohort 1 7

Cohort 2 19

Infections

Cohort 1 1

Cohort 2 2 5

Metabolic

Cohort 1 14 3

Cohort 2 29 5

Neurological

Cohort 1 1

Cohort 2

Pulmonary

Cohort 1 3 1

Cohort 2 5 2

Genito-urinary

Cohort 1

Cohort 2 1

Others

Cohort 1

Cohort 2 3 1

Number of different grade toxicities observed in each organ system is

shown under each column
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The less than expected response rate in this patient

population is likely due to poor risk patients having had

multiple prior treatments and also from the possible lack of

anthracyclines in the regimen. The dose and schedule of

ATRA in this study was modified based on the dosing

schedule by Schlenk et al. [17]. It is possible that a higher

dose and a longer duration of treatment with ATRA and/or

midostaurin may yield better outcomes.

It is increasingly clear that AML is a multiclonal disease

with possibly different clones harboring alterations in dif-

ferent pathogenic pathways. Hence, it is imperative that we

develop therapeutic strategies to target multiple pathways

to achieve cure in AML. Our study shows the feasibility of

adding a multi-kinase inhibitor to salvage chemotherapy in

AML. A phase 2 study to assess the effectiveness of this

regimen in relapsed refractory AML is warranted.

The trial was registered under clinicaltrials.gov number:

NCT01161550.

Conflict of interest C.N.A. obtained research support for this study

from Novartis and serves in the advisory board for Novartis.
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