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Abstract

Targeting aberrant tyrosine kinase activity may impact clinical outcome in acute myeloid leukemia 

(AML). We conducted a phase I study of the tyrosine kinase inhibitor midostaurin with 

bortezomib alone and in combination with chemotherapy in patients with AML. Patients on dose 

levels 1 and 2 (DL1 & 2) received midostaurin 50 mg bid and escalating doses of bortezomib (1 to 

1.3 mg/m2). Patients on DL3 or higher received midostaurin and bortezomib following 

chemotherapy with mitoxantrone, etoposide, cytarabine (MEC). None of the patients enrolled to 

DL1 & 2 had dose-limiting toxicities (DLTs) or a clinical response. Among patients enrolled to 

DL3 or higher, DLTs were peripheral neuropathy, decrease in ejection fraction and diarrhea. A 

56.5% CR rate and 82.5% overall response rate (CR + CR with incomplete neutrophil or platelet 

count recovery) were observed. The midostaurin/bortezomib/MEC combination is active in 

refractory/relapsed AML, but is associated with expected drug-related toxicities. (NCT01174888)
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Introduction

Acute myeloid leukemia (AML) is a biologically and clinically heterogeneous disease 

characterized by clonal accumulation and expansion of immature myeloid cells in the blood 

and bone marrow (BM).[1] Despite advances in understanding the biology of the disease [2] 

and characterization of prognostic genetic and epigenetic aberrations [3], the overall 

outcome remains poor. [4] Primary refractoriness to chemotherapy and failure to maintain a 
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first complete remission (CR1) are responsible for these poor outcomes. Therefore, novel 

strategies are needed to improve the outcome of AML patients.

The discovery of molecular abnormalities that contribute to leukemogenesis creates an 

opportunity for designing molecular targeting compounds. Among the most common 

targetable aberrations are the mutated tyrosine kinase proteins. An internal tandem 

duplication (ITD) of the juxtamembrane domain of the FMS-like tyrosine kinase 3 receptor 

(FLT3) gene is found in approximately 25% of patients [5,6] and encodes a protein with 

aberrant kinase activity that confers a proliferative and survival advantage.[7,8] 

Overexpression of FLT3 wild-type and FLT3 ligand proteins may also contribute to the 

aggressiveness of the disease.[9,10] Therefore, compounds that inhibit FLT3 and other 

aberrant kinases represent a rational therapeutic approach.

Tyrosine kinase inhibitors (TKIs) are designed to target the activated FLT3 receptor, alone or 

in combination with chemotherapy. Until recently, TKIs had not been associated with 

improved outcome; however, a randomized trial of untreated patients with AML and the 

multikinase inhibitor sorafenib in combination with chemotherapy showed a 3 year event 

free survival (EFS) of 40% in those who received sorafenib, versus 22% in the placebo 

group.[11] In a larger study of patients with untreated FLT3 mutated AML and the multi-

targeted FLT3 inhibitor midostaurin or placebo in combination with chemotherapy followed 

by maintenance therapy, those who received midostaurin had a significant improvement in 

EFS and overall survival when compared to those in the placebo group.[12] These data 

support continued efforts to evaluate TKIs in the treatment of AML.

We reported that tyrosine kinase activity in AML blasts may be modulated indirectly by 

targeting the transcription of genes encoding receptor tyrosine kinases (RTKs; i.e., FLT3 and 

KIT).[13] The transcriptional factors Sp1 and NF-κB form a transactivating complex that 

binds to the promoter regions of RTKs, inducing gene transcription and protein expression.

[13] We showed that the proteasome inhibitor bortezomib (Velcade®) disrupts the Sp1/NF-

κB transactivating complex and decreases the expression of genes encoding for RTKs.

[13,14] Although initial studies found bortezomib to be relatively inactive as a single agent,

[15] the addition of bortezomib to standard chemotherapy resulted in an encouraging CR 

rate in older patients with AML. [16]

Herein, we hypothesize that the combination of a TKI, which inhibits the enzymatic activity 

of the TK protein, with bortezomib, which interferes with tyrosine kinase coding genes’ 

transcription, is an effective strategy for dual targeting of aberrant kinase activity in AML.

We developed a phase I trial that combines bortezomib with midostaurin to determine the 

safety and clinical response of these two agents and MEC (mitoxantrone, etoposide, 

cytarabine) chemotherapy in patients with relapsed or refractory AML.
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Materials and Methods

Study design and patient enrollment

Patients with primary refractory, relapsed or relapsed refractory AML were eligible. 

Enrollment to dose levels (DL) 1 and 2 (bortezomib and midostaurin only) was open to all 

patients. Enrollment to DL3 or higher (bortezomib, midostaurin and MEC) was open to 

patients ≤ 70 years. Once DL1 and 2 were deemed tolerable, patients > 70 accrued to DL1 or 

DL2, for a maximum of 6 patients at each DL. These additional patients would confirm 

tolerability and facilitate analysis of clinical response. Informed written consent approved by 

The Ohio State University Human Studies Committee was obtained prior to study entry. 

This trial was registered with the NCI clinical trials network (NCT01174888).

Patients were required to have a total bilirubin <2.0 mg/dL or ≤1.5 X upper limit normal, 

creatinine <1.7 mg/dL, ALT/AST ≤2.5 X upper limit of normal, ejection fraction ≥ 50%, and 

Eastern Cooperative Oncology Group performance status ≤2. Patients with a pre-existing 

grade 2 or higher neuropathy or other neurologic toxicity were excluded.

To determine the maximum tolerated dose (MTD) a 3+3 dose escalation design was utilized. 

Patients enrolled on DL1 and 2 received midostaurin 50 mg orally twice a day on days 1–14 

and bortezomib at doses of 1 mg/m2 (DL1) or 1.3 mg/m2 (DL2) on days 1,8,15,22 every 28 

days for up to three cycles. Patients on DL3 received MEC: mitoxantrone 4 mg/m2/d, 

etoposide 40 mg/m2/d and cytarabine 1 gm/m2/d intravenously (IV) days 1–6 followed by 

midostaurin 50mg PO bid days 8–21 and bortezomib 1.3 mg/m2 IV days 8,11,15,18. Due to 

the development of dose limiting sensory and autonomic neuropathy in DL3, first the route 

of administration and then the dose and schedule of bortezomib were changed in DL3* and 

DL3A, respectively. Patients on DL3A received bortezomib 1 mg/m2 SQ days 8 and 15 

only. Patients on DL4 received standard dose MEC, mitoxantrone 6 mg/m2/d, etoposide 80 

mg/m2/d, and cytarabine 1 gm/m2/d IV days 1–6 followed by midostaurin 50 mg PO bid 

days 8–21 and bortezomib 1.3 mg/m2 SQ days 8 and 15. See table V for details of the 

treatment schedule. Patients enrolled to DL3, 3*, 3A and 4 received one cycle of therapy 

with bortezomib, midostaurin and MEC.

Disease response was determined using International Working Group criteria. [17] For 

patients enrolled to DL3, 3*, 3A and 4, BM aspirates and biopsies were performed at 

absolute neutrophil count (ANC ≥1000/μL) and platelet count recovery (PLT ≥100,000/μL), 

or 35 days after initiation of treatment, whichever came first. For patients on DL1 and 2, BM 

aspirates and biopsies were done between days 26–28 of each cycle. Patients at any dose 

level who achieved a CR or a CR with incomplete count recovery (CRi) could proceed to 

alloSCT or receive 3 cycles of midostaurin and bortezomib only at the ongoing doses.

Patients who did not complete all study therapy were replaced. Hydroxyurea was permitted 

during the first cycle to maintain a white blood cell (WBC) count less than 40,000/μL, but 

no other antileukemic therapies were permitted. Patients requiring treatment with 

hydroxyurea after completion of cycle 1 were considered to have refractory disease.
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Definition of Dose Limiting Toxicity (DLT)

Adverse events were graded according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events version 4.0. DLT was defined during cycle 1. 

Bortezomib or midostaurin-related non-hematologic grade 3 or 4 toxicities were considered 

DLT. Given the frequency of infectious complications associated with cytotoxic 

chemotherapy, these were not considered DLT unless the severity or duration was longer 

than expected. Hematologic DLT was defined as a failure to recover ANC or PLT count by 

day 42 in patients with <5% blasts in the BM, absence of myelodysplastic changes, and/or 

absence of evidence of disease by flow cytometry in BM.

Pharmacodynamic Analysis

BM mononuclear cells (MNCs) were isolated from samples procured pre- (day 0) and post-

treatment (days 3 and 8 of cycle 1) in patients who consented to participate in the correlative 

studies. Total RNA was extracted by Trizol reagent (Invitrogen, Carlsbad, CA), reverse-

transcribed and amplified using Taqman Gene Expression Assay or Taqman microRNA 

Assay (Applied Biosystems, Foster City, CA). Reactions were carried out in triplicate in the 

ABI Prism 7900HT Real-time PCR system. The expression levels were normalized to 

internal controls (GAPDH for FLT3 and primary miR-29b; and RNU44 for miR-155) and 

the data were analyzed using the Delta Ct method, as previously reported. [18–20]

Statistical methods

Standard dose escalation rules were used in the context of a 3+3 phase I trial design, and the 

MTD was defined as the highest DL where at most one of 6 patients experiences DLT. 

Although initially planned, sequential patient sampling results in too few of procured 

samples prevented a meaningful molecular analysis.

Results

Patients

Patient characteristics for all dose levels are shown in Table I. The median number of 

treatments received prior to enrollment were 2 (range 1–4). Thirteen (38%) patients had 

primary refractory disease and 12 (35%) had a short (<12 months) CR1 duration. Only 9 

(26%) had a long CR1 (>12 months) prior to enrollment. Thus, 73% of the patients enrolled 

had relatively chemotherapy-resistant (i.e., primary refractory or short CR1) disease.

Treatment and Toxicity

For DL1 and DL2, grade 3 or higher febrile neutropenia and other infections occurred in 5 

of 11 patients. Although the most common non-hematologic toxicities were fatigue, nausea 

and diarrhea, none met criteria for DLT. See Table III for a list of non-hematologic toxicities 

that occurred at DLs1 and 2.

For DL3 and higher, grade 3 or higher febrile neutropenia was highly prevalent and occurred 

at least once in 15 of 23 patients. Episodes of febrile neutropenia and infection were not 

more severe or prolonged than expected and did not meet the criteria for DLT.
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One of the first three patients on DL3 (n=3) developed grade 3 peripheral (sensory) and 

autonomic neuropathies that were dose-limiting. Following this event the route of 

administration of bortezomib was changed from IV to SQ and three additional patients 

enrolled (DL3*), as previous studies reported a better neuropathic toxicity profile with this 

administration route.[21,22] Of these, one with a history of anthracycline exposure had a 

grade 3 decrease in ejection fraction that was considered DLT. Therefore three additional 

patients were enrolled to DL3*. Of these, one developed grade 3 diarrhea and one developed 

grade 3 peripheral sensory neuropathy, both dose-limiting. After these events, the dose and 

frequency of bortezomib was changed to 1 mg/m2 on days 8 and 15 only, while doses of 

MEC and midostaurin remained the same (DL3A). Of the four patients enrolled on DL3A (3 

completed treatment; one withdrew consent on day 14 and was replaced), none had DLTs.

Six patients enrolled on DL4 where bortezomib was escalated to 1.3 mg/m2 and 

mitoxantrone and etoposide were increased to 6 mg/m2/d and 80 mg/m2/d, respectively. In 

the first cohort of 3 patients no DLTs were observed, but two patients did not receive all 

doses of midostaurin therapy due to midostaurin-unrelated events (one had doses held during 

an episode of sepsis and the other had doses held during evaluation for a possible ileus) and 

were not evaluable and were replaced. In the second 3-patient cohort, two developed grade 3 

diarrhea that was dose limiting, and one refused to complete midostaurin treatment because 

of grade 2 nausea. Given that 2 patients experienced a DLT on DL4, dose escalation was 

stopped, and four additional patients were enrolled to DL3A. Of these, one did not receive 

all doses of midostaurin because of the need to start voriconazole for presumed fungal 

pneumonia and was replaced. Concurrent administration of midostaurin and triazole 

compounds was contraindicated due to the risk of QT interval prolongation. This patient was 

subsequently diagnosed with grade 3 left ventricular systolic dysfunction during an episode 

of sepsis that was dose limiting. The fourth patient enrolled to DL3A prior to determination 

of this DLT and developed grade 3 diarrhea, thus meeting DLT criteria. Given that there 

were 2 DLTs at DL3A we could not determine the MTD of the regimen. See Table IV for a 

list of non-hematologic toxicities that occurred at DLs 3 and higher.

Clinical Responses

Of the 11 patients enrolled to DL1 (n=6) and DL2 (n=5), none achieved a CR/CRi, 

regardless of whether they were FLT3-ITD positive (n=3) or not. Three received 2 cycles of 

treatment while 8 patients completed only 1 cycle - 6 because of progressive disease and two 

withdrew consent to proceed with hospice. These patients were older (median age = 67; 

n=10) and had previously received intensive treatments (n=6). The remaining patients had 

refractory (n=2) or relapsed (n=3) disease after treatment with decitabine (see Table I).

Twenty-three patients enrolled on DL3 (n=3), DL3* (n=6), DL3A (n=8) and DL4 (n=6). By 

design these patients were younger with a median age of 53, and 21 of the 23 patients 

received induction chemotherapy with “7+3” based treatments. Two received either 

decitabine or 5-azacitidine as induction therapy. Of the 14 patients with relapsed disease, 

one relapsed after alloSCT. Two patients had relapsed refractory AML. The ORR was 

surprisingly high at 82.6% (95% CI: 61% to 95%), where only four patients did not respond 
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to treatment. Thirteen achieved a CR (56.5%) and 6 achieved a CR with incomplete 

neutrophil and/or platelet recovery (26%).

Remissions occurred without any trend in relation to DL. Of those with relapsed disease and 

a CR1 duration of <12 months (n=9), 6 achieved a CR (66.7%) and 2 achieved a CRi 

(22.2%), an ORR of 88.8%. All five patients (100%) with a CR1 duration of >12 months 

achieved a CR (n=3) or CRi (n=2). Of those with primary refractory AML (n=9), 6 (66.7%) 

achieved a CR (n=4), or CRi (n=2). Of FLT3-ITD positive patients (n=6), four achieved a 

CR/CRi (66.7%); three of them had primary refractory disease following 7+3 based 

induction chemotherapy. Of FLT3-ITD negative patients (n=17), 15 (88.2%) achieved a CR/

CRi.

Twelve of the 19 patients who achieved a CR/CRi proceeded to alloSCT. One received a 

donor lymphocyte infusion. Reasons for not proceeding to transplantation (n=6) included: 

performance status (n=1), early relapse (n=3), patient refusal (n=1) and acute renal failure 

requiring ongoing hemodialysis (n=1).

With a median follow-up of 131 days for patients who were alive, the median OS for those 

who received midostaurin, bortezomib and MEC was 330 days for all patients, 234 days for 

patients who did not proceed to alloSCT and was not reached for those who proceeded to an 

alloSCT (Figure 1).

Correlative Studies

Only a minority of patients consented for correlative studies to assess miR-29b (measured as 

primary miR transcript), FLT3 and miR-155 expression levels at sequential time-points; in 

addition, some of the patients who did consent had inaspirable BM. Therefore, only 9 

patients (4 on DL1/DL2 and 5 on DL3/DL3*/DL3A/DL4) had a full complement of the 

planned sequential samples (days 0, 3 and 8) available for RT-PCR analysis. As a result, any 

analyses of these data are felt to be exploratory and hypothesis-generating in nature.

In patients on DLs1 and 2, no significant changes in the expression of FLT3 and miR-155 

were noted. In patients enrolled on DLs 3, 3*, 3A and 4, there was a trend for increase of 

miR-29b (p=0.095) and significant decrease of FLT3 (p<0.001) and miR-155 (p=0.028) on 

day 8 compared to pretreatment baseline (Figure 2), likely related to the effect of the 

cytotoxic chemotherapy.

Discussion

We report here a phase I trial of bortezomib, midostaurin and MEC chemotherapy in patients 

with relapsed or refractory AML. The trial was divided into two parts. In the first part 

patients received midostaurin and bortezomib to establish the safety of the combination. No 

DLTs were observed, thereby supporting that the combination of the TKI and proteasome 

inhibitor is feasible. However, meaningful clinical responses (CR or CRi) were not observed.

We then proceeded to the second part of the study where MEC chemotherapy was added. 

Patients enrolled to DL3 experienced dose-limiting peripheral and sensory neuropathy, 

therefore we changed the administration route of bortezomib from IV to SQ, and the number 
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of doses decreased from 4 to 2 per cycle. Patients treated at DL3A and 4 did not experience 

neuropathy symptoms; however, we observed diarrhea possibly related to midostaurin and/or 

chemotherapy, as well as a decrease in ejection fraction in one patient that we deemed dose-

limiting. Interestingly, DLTs experienced by the two cohorts were markedly different. 

Specifically, grade 3 peripheral neuropathy and diarrhea symptoms were observed only at 

DL3 and higher, despite the similar dose of midostaurin and bortezomib. This suggests that 

the potential toxicity of bortezomib and midostaurin was increased with the addition of 

cytotoxic chemotherapy.

Interestingly, however, we noted a surprisingly high ORR in this cohort with 82.5% of the 

patients achieving a CR (56.5%) or CRi (26%). Indeed, of 23 treated patients, only 4 failed 

to achieve a meaningful clinical response. The responses were seen both in younger (<60 

years) and older (≥60 years) patients, and the vast majority of the responders (73%) had 

either prior refractory disease or a short CR1 duration. All patients with CR1 >12 months 

achieved CR/CRi. No preferential responses of FLT3-ITD-positive patients over FLT3-ITD-

negative patients were noted. Interestingly, of four non-responders, 2 presented with the rare 

t(2;3)(q23;q21) either as sole abnormality or as part of a complex karyotype. Little is known 

about this translocation and how it can relate to treatment resistance.

Our initial hypothesis that bortezomib could enhance the pharmacologic activity of 

midostaurin and chemotherapy stemmed from data supporting bortezomib-dependent 

decrease in FLT3 and miR-155 expression. The limited number of samples available 

prevented us from reaching a definitive conclusion and were primarily hypothesis-

generating. Nevertheless, we noted that bortezomib and midostaurin alone were ineffective 

in achieving these molecular endpoints. This could be related to a lack of sensitivity of 

refractory and relapsed disease in a subset of patients that were mainly older and highly 

pretreated. Interestingly, the molecular endpoints appeared to be achieved on day 8, when 

patients had already completed chemotherapy and bortezomib and midostaurin were either 

just administered or about to be started. Thus, based on the available data, the observed 

molecular changes were likely due to a chemotherapy-induced decrease in disease burden 

rather than the initial dosing with midostaurin and bortezomib.

Although preliminary, our results compare very well with those reported for MEC. Feldman 

et al. conducted a phase III trial of patients with relapsed or primary resistant AML 

randomized to MEC plus the anti-CD33 monocolonal antibody lintuzumab or MEC alone. 

[23] The ORR for the two arms combined was 32% and the median OS was 156 days. Here 

the CR and CRi rate (82.5%) and the median OS (330 days) in patients who received MEC 

with bortezomib and midostaurin was more than double those results. In a phase I trial of 

escalating doses of bortezomib in combination with MEC for patients with relapsed or 

refractory AML Advani et al observed a CR/CRi rate of 52%. [24]

Although our data are from a small number of patients, the clinical response is encouraging 

and it is tempting to speculate that the addition of bortezomib and/or midostaurin may have 

improved the clinical activity of MEC. Given the results from the RATIFY trial[12], it may 

be possible that midostaurin played more of a role in the clinical responses that were 

observed than bortezomib, although it is not possible to know this with certainty.
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Despite the clinical activity of the regimen, the occurrence of expected toxicities may be 

challenging. While peripheral neuropathy could be virtually eliminated by changing the 

route and schedule of bortezomib or utilizing a new generation of proteasome inhibitors, 

diarrhea may be multifactorial (autonomic neuropathy, TKI, infections, chemo-induced 

enteritis) in this patient population and difficult to completely overcome. Nevertheless, it did 

not preclude 63% (n=12) of patients who achieved a CR or CRi and were optimal candidates 

from undergoing alloSCT.

In view of our results in this high-risk patient population, we concluded that bortezomib, 

midostaurin and MEC is an effective salvage regimen for patients with refractory/relapsed 

AML, but it may need to be optimized to reduce the incidence of diarrhea and peripheral 

neuropathy. Further studies with MEC and midostaurin alone may be explored in the future 

to evaluate this regimen.
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Figure 1. 
Disease response (upper panels) and survival (lower panels) A. Patients who received 

midostaurin and bortezomib (DLs 1 and 2); B. Patients who received midostaurin and 

bortezomib and MEC (DLs 3, 3*, 3A and 4). CR, complete remission; CRi, CR with 

incomplete count recovery (neutrophil or platelet); NR, non- responders
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Figure 2. 
Midostaurin, bortezomib combined with MEC upregulates pri-miR-29b, and downregulates 

FLT3 and miR-155 expression in AML patients. BM samples were collected prior treatment 

(Day 0) or posttreatment on Days 3 or 8 from patients receiving only midostaurin and 

bortezomib (Mid & Bortz) and those treated with midostaurin, bortezomib and MEC (Mid, 

Bortz & MEC). Samples were analyzed by quantitative RT-PCR for expression levels of (A) 

pri-miR-29b; (B) FLT3 mRNA; (C) miR-155. Data are normalized by the internal controls 

and presented as mean ± SE for each group of patients. *p<0.05; **p<0.01, when compared 

with the pretreatment basal level of each group.

Walker et al. Page 11

Leuk Lymphoma. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walker et al. Page 12

Ta
b

le
 I

P
at

ie
nt

 C
ha

ra
ct

er
is

ti
cs

A
ge

/S
ex

C
R

1 
D

ur
at

io
n

P
ri

or
 A

M
L

 T
he

ra
py

C
yt

og
en

et
ic

s
F

LT
3

N
P

M
1

C
E

B
PA

E
L

N
D

os
e

L
ev

el
R

es
po

ns
e

T
ra

ns
pl

an
t

67
/M

3m
o

D
ec

ita
bi

ne
46

,X
Y

IT
D

+
N

eg
N

eg
In

t-
I

1
N

R
N

65
/M

16
m

o
D

ec
ita

bi
ne

, A
nt

i-
FL

T
3 

an
tib

od
y,

 le
na

lid
om

id
e+

 
A

R
A

C
/I

da
ru

bi
ci

n,
 5

+
2

46
,X

Y
,d

el
(2

)(
p2

2)
[5

]/
46

,s
l,t

(1
5;

19
)(

q1
5;

q1
3.

1)
[4

]/
46

,s
l,t

(1
;6

)(
q2

1;
q2

3)
[3

]/
46

,s
l,t

(7
;1

0)
(q

11
.2

;p
11

.2
)[

2]
T

K
D

+
Po

s
N

eg
A

dv
er

se
1

N
R

N

72
/M

6m
o

7+
3,

 H
ID

A
C

, I
m

at
in

ib
48

,X
Y

,+
13

,+
19

[1
5]

/4
6,

X
Y

[5
]

N
eg

N
eg

N
eg

In
t-

II
1

N
R

N

72
/F

PR
D

ec
ita

bi
ne

46
,X

X
,d

el
(5

)(
q2

2q
35

)[
1]

/4
6,

X
X

[1
9]

N
eg

N
eg

N
eg

In
t-

II
1

N
R

N

76
/M

21
m

o
D

ec
ita

bi
ne

46
,X

Y
N

eg
Po

s
N

eg
Fa

v
1

N
R

N

75
/F

9m
o

D
ec

ita
bi

ne
46

,X
X

N
eg

N
eg

N
eg

In
t-

I
1

N
R

N

72
/M

PR
D

ec
ita

bi
ne

46
,X

Y
N

eg
N

eg
N

eg
In

t-
I

2
N

R
N

64
/F

PR
7+

3,
 5

+
2,

 M
E

C
46

,X
X

IT
D

+
Po

s
N

eg
In

t-
I

2
N

R
N

56
/F

PR
5-

az
ac

yt
id

in
e,

 7
+

3,
 H

ID
A

C
46

,X
X

,d
el

(9
)(

q1
3q

22
),

de
l(

21
)(

q2
2)

[1
2]

/4
6,

X
X

,t(
5;

12
)(

q3
1;

q2
2)

,d
el

(2
1)

(q
22

)
U

K
U

K
U

K
A

dv
er

se
2

N
R

N

65
/M

9m
o;

 R
R

7+
3,

 I
D

A
C

, a
llo

gr
af

t, 
le

na
lid

om
id

e
43

,X
,-

Y
,d

up
(1

)(
q4

1q
24

),
−

3,
de

l(
5)

(q
13

q3
1)

,d
el

(6
)(

q1
3q

23
),

 −
7,

ad
d(

8)
(p

11
.2

),
ad

 d
(1

5)
(q

11
.2

),
ps

u 
di

c(
16

:?
)(

p1
1.

2;
?)

, −
17

,+
m

ar
1,

+
m

ar
2[

1
N

eg
N

eg
N

eg
A

dv
er

se
2

N
R

N

67
/F

10
m

o
7+

3,
 H

ID
A

C
, a

llo
gr

af
t

46
,X

X
IT

D
+

Po
s

N
eg

In
t-

I
2

N
R

N

34
/M

9m
o

A
D

E
, H

ID
A

C
x2

46
,X

Y
,in

v(
16

)(
p1

3.
1q

22
)[

3]
/4

6,
id

em
,d

el
(7

)(
q2

1q
36

)[
9]

N
eg

N
eg

N
eg

Fa
vo

ra
bl

e
3

C
R

Y
es

19
/M

2m
o

7+
3,

 H
ID

A
C

x1
46

,X
Y

,t(
6;

9)
(p

23
;q

34
)[

5]
/4

6,
sl

,d
el

(3
)(

p1
3p

21
)[

8]
/4

7,
sl

,+
8

IT
D

+
N

eg
N

eg
A

dv
er

se
3

C
R

Y
es

60
/F

PR
7+

3+
pa

no
bi

no
st

at
46

,X
X

IT
D

+
N

eg
N

eg
In

t-
I

3
C

R
i

N
o

19
/F

PR
7+

3
46

,X
X

IT
D

+
N

eg
N

eg
In

t-
I

3*
C

R
Y

es

53
/F

PR
7+

3
46

,X
X

N
eg

N
eg

N
eg

In
t-

I
3*

C
R

Y
es

59
/M

17
m

o
7+

3,
 H

ID
A

C
x3

46
,X

Y
N

eg
N

eg
N

eg
In

t-
I

3*
C

R
N

o

69
/F

PR
V

id
az

a
41

–4
5,

X
X

,d
el

(5
)(

q1
3q

33
),

 −
7,

ad
d(

7)
(q

11
.2

),
ad

d(
12

)(
p1

1.
2)

,a
dd

(1
3)

(q
12

),
ps

u 
di

c(
14

;9
)

(q
32

;p
24

)h
sr

(1
4)

(q
32

),
 −

17
,a

dd
(1

8)
(p

11
.2

),
+

m
ar

[c
p8

]/
44

,id
em

,a
dd

(5
)(

 q
31

)[
cp

4,
on

e 
is

 4
n]

/4
6,

X
X

[1
3]

/
N

eg
N

eg
N

eg
A

dv
er

se
3*

C
R

N
o

55
/M

PR
7+

3,
 5

+
2,

 A
za

cy
tid

in
e+

M
E

C
44

,X
Y

,a
dd

(3
)(

p2
1)

,d
el

(5
)(

q1
5q

33
),

 −
7,

ad
d(

12
)(

p1
3)

, −
16

, −
20

,+
m

ar
1[

1]
/4

5–
47

,s
l, 

3,
-a

dd
(3

),
hs

r(
11

)
(q

23
),

+
16

,+
20

,d
er

(2
1)

(1
1q

te
r-

>
11

q2
3:

:h
sr

 M
L

L
::1

1q
23

->
11

q1
3:

:h
sr

M
L

L
::1

1q
23

->
?:

:2
1p

13
->

21
qt

er
)-

m
ar

1,
+

m
ar

2[
cp

11
]/

42
–4

5,
sd

l1
, −

9,
+

ad
d(

11
)(

q2
3)

,-
hs

r(
11

),
 −

16
,-

de
r(

21
),

+
m

ar
3[

cp
3]

/4
4–

45
,s

l,-
ad

d(
3)

,
+

m
ar

2

N
eg

N
eg

N
eg

A
dv

er
se

3*
N

R
N

o

70
/M

9m
o

7+
3,

 H
ID

A
C

x2
, S

G
I-

11
0

46
,X

Y
N

eg
Po

s
N

eg
Fa

vo
ra

bl
e

3*
C

R
i/C

R
N

o

23
/M

16
m

o
7+

3,
 A

ut
ol

og
ou

s 
T

x
46

,X
Y

,d
el

(9
)(

q1
3q

22
)[

13
]/

46
,X

Y
[7

]
N

eg
N

eg
N

eg
In

t-
II

3A
C

R
Y

es

27
/F

12
m

o
7+

3,
 H

ID
A

C
x4

46
,X

X
N

eg
Po

s
N

eg
Fa

vo
ra

bl
e

3A
C

R
Y

es

49
/M

9m
o

7+
3,

 H
ID

A
C

, 5
-a

za
cy

tid
in

e+
M

E
C

46
,Y

,t(
X

;6
)(

p1
1.

2;
p2

5)
[1

1]
/4

6,
X

Y
,t(

2;
3)

(p
23

;q
21

)[
9]

IT
D

+
Po

s
Po

s
In

t-
II

3A
N

R
N

o

Leuk Lymphoma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walker et al. Page 13

P
at

ie
nt

 C
ha

ra
ct

er
is

ti
cs

A
ge

/S
ex

C
R

1 
D

ur
at

io
n

P
ri

or
 A

M
L

 T
he

ra
py

C
yt

og
en

et
ic

s
F

LT
3

N
P

M
1

C
E

B
PA

E
L

N
D

os
e

L
ev

el
R

es
po

ns
e

T
ra

ns
pl

an
t

60
/M

23
m

o
7+

3,
H

ID
A

C
46

,X
Y

N
eg

N
eg

N
eg

In
t-

I
3A

C
R

i
Y

es

31
/M

13
m

o
7+

3+
le

na
lid

om
id

e,
 H

ID
A

C
x4

46
,X

Y
N

eg
N

eg
Po

s
Fa

v
3A

C
R

i
Y

es

57
/M

12
m

o
7+

3,
 H

ID
A

C
 x

1
46

,X
Y

[2
0]

N
eg

N
eg

Po
s

Fa
v

3A
C

R
Y

es

70
/M

PR
D

ec
ita

bi
ne

 +
 S

or
af

en
ib

46
,X

Y
[2

0]
N

eg
N

eg
N

eg
In

t-
I

3A
C

R
i

N
o

58
/M

PR
7+

3 
(t

w
ic

e)
C

om
pl

ex
N

eg
N

eg
N

eg
A

dv
er

se
3A

N
R

N
o

48
/M

7m
o

7+
3+

le
na

lid
om

id
e,

 H
ID

A
C

, a
llo

gr
af

t
46

,X
Y

N
eg

N
eg

N
eg

In
t-

I
4

C
R

D
L

I

48
/M

PR
7+

3
47

,X
Y

,+
8[

13
]

IT
D

+
N

eg
N

eg
In

t-
II

4
C

R
N

o

53
/F

PR
D

ec
ita

bi
ne

+
7+

3
46

,X
X

,t(
2;

3)
(p

25
;p

11
.2

)
IT

D
+

Po
s

Po
s

In
t-

II
4

N
R

N
o

59
/M

5m
o

7+
3

44
–4

7,
X

Y
,d

ic
(3

;1
7)

(q
11

.1
;q

11
.2

),
 −

5,
de

r(
5)

in
v(

5)
(q

13
q3

4)
in

s(
5;

?)
(q

13
;?

),
 −

6,
 −

7,
+

8,
in

s(
16

;?
)

(q
12

;?
),

ad
d(

17
)(

p1
1.

2)
, a

dd
(2

0)
(p

13
),

+
de

r(
?)

t(
?;

17
)(

?;
q1

1.
2)

,+
r1

,+
r2

,+
m

ar
[c

p2
]/

46
,X

Y
[1

8]
N

eg
N

eg
N

eg
A

dv
er

se
4

C
R

Y
es

37
/F

5m
o

7+
3,

H
ID

A
C

x2
, l

en
al

id
om

id
e+

A
R

A
C

+
 I

da
ru

bi
ci

n
46

,X
X

,in
v(

16
)(

p1
3.

1q
22

)[
18

]/
N

eg
N

eg
N

eg
Fa

vo
ra

bl
e

4
C

R
i

Y
es

62
/F

33
m

o
7+

3,
H

ID
A

C
x2

47
,X

X
,+

4[
10

]/
46

,X
X

[1
0]

N
eg

Po
s

Po
s

In
t-

II
4

C
R

Y
es

M
=

m
al

e,
 F

=
fe

m
al

e,
 m

o=
m

on
th

, C
R

1=
 1

st
 c

om
pl

et
e 

re
m

is
si

on
, A

M
L

=
ac

ut
e 

m
ye

lo
id

 le
uk

em
ia

, E
L

N
=

 E
ur

op
ea

n 
L

eu
ke

m
ia

N
et

, I
T

D
+

=
in

te
rn

al
 ta

nd
em

 d
up

lic
at

io
n 

m
ut

at
io

n 
po

si
tiv

e;
T

K
D

=
ty

ro
si

ne
 k

in
as

e 
do

m
ai

n 
m

ut
at

io
n 

po
si

tiv
e,

 N
eg

=
ne

ga
tiv

e,
 I

nt
-1

=
In

te
rm

ed
ia

te
-I

, I
nt

-
II

=
In

te
rm

ed
ia

te
-I

I,
 F

av
=

fa
vo

ra
bl

e,
 N

R
=

N
o 

re
sp

on
se

, C
R

=
C

om
pl

et
e 

re
m

is
si

on
, C

R
i=

C
om

pl
et

e 
re

m
is

si
on

 w
ith

 in
co

m
pl

et
e 

co
un

t r
ec

ov
er

y,
 C

R
i=

C
om

pl
et

e 
re

m
is

si
on

 w
ith

 in
co

m
pl

et
e 

pl
at

el
et

 o
r 

ne
ut

ro
ph

il 
re

co
ve

ry
, U

K
=

un
kn

ow
n,

 P
os

=
po

si
tiv

e,
 H

ID
A

C
=

hi
gh

 d
os

e 
cy

ta
ra

bi
ne

, 
al

lo
gr

af
t-

al
lo

ge
ne

ic
 s

te
m

 c
el

l t
ra

ns
pl

an
t, 

ID
A

C
=

in
te

rm
ed

ia
te

 d
os

e 
cy

ta
ra

bi
ne

, 7
+

3=
da

un
or

ub
ic

in
 a

nd
 c

yt
ar

ab
in

e,
 5

+
2=

da
un

or
ub

ic
in

 a
nd

 c
yt

ar
ab

in
e,

 A
ut

ol
og

ou
s 

tx
=

 a
ut

ol
og

ou
s 

tr
an

sp
la

nt
, A

D
E

=
cy

ta
ra

bi
ne

, d
au

no
ru

bi
ci

n 
an

d 
et

op
os

id
e,

 P
R

=
pr

im
ar

y 
re

fr
ac

to
ry

Leuk Lymphoma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walker et al. Page 14

Ta
b

le
 II

C
lin

ic
al

 R
es

po
ns

es
 in

 D
os

e 
L

ev
el

s 
3,

 3
*,

3A
, 4

D
os

e 
L

ev
el

N
um

be
r 

of
 P

at
ie

nt
s

R
es

po
ns

e

3
3

2 
C

R
1 

C
R

i

3*
6

4 
C

R
1 

C
R

i
1 

N
R

3A
8

3 
C

R
3 

C
R

i
2 

N
R

4
6

4 
C

R
1 

C
R

i
1 

N
R

C
R

 =
 C

om
pl

et
e 

re
sp

on
se

; C
R

i =
 C

om
pl

et
e 

re
sp

on
se

 w
ith

 in
co

m
pl

et
e 

co
un

t r
ec

ov
er

y;
 N

R
 =

 N
o 

re
sp

on
se

Leuk Lymphoma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walker et al. Page 15

Table III

Non-hematologic toxicities regardless of attribution* (Dose Levels 1 and 2)

CDUS Toxicity Type Code All Grades (No. of events) Grade 3 or higher (No. of events)

Infection

 Febrile neutropenia 6 6

 Catheter related infection 2 2

 Pneumonia 4 3

 Sinusitis 1 1

 Skin infection 2 2

 Sepsis 1 1

 Urinary tract infection 1 1

Gastrointestinal

 Diarrhea 14 4

 Vomiting 7 1

 Oral hemorrhage 3 1

Cardiovascular

 Hypotension 3 1

Pulmonary

 Dyspnea 5 1

 Hypoxia 4 3

 Respiratory failure 1 1

 Laryngitis 1 1

 Nasal congestion 4 2

 Stridor 2 2

Neurologic

 Anxiety 2 2

 Delirium 2 2

 Generalized muscle weakness 3 1

Metabolic

 Acidosis 1 1

 Hyperkalemia 1 1

Other

 Fatigue 12 2

 Multi-organ failure 1 1

*
Clinically insignificant and correctable electrolyte abnormalities are not included in this list.
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Table IV

Non-hematologic toxicities regardless of attribution* (Dose Levels 3, 3*, 3A, and 4)

Toxicity All Grades (No. events) Grade 3 or higher (No. events)

Infection

 Febrile neutropenia 26 26

 Catheter related infection 10 18

 C. Difficle Colitis 2 2

 Sepsis 2 2

 Pneumonia 8 6

 Typhlitis 2 2

Gastrointestinal disorders

 Diarrhea 53 8

Renal

 Decreased urine output 2 2

 Acute kidney injury 4 3

 Dehydration 3 3

Cardiovascular

 Ejection fraction decreased 1 1

 Electrocardiogram QT corrected interval prolonged 13 2

 Left ventricular systolic dysfunction 1 1

 Hypertension 8 6

 Hypotension 16 2

 Atrial fibrillation 1 1

 Edema 23 2

Pulmonary

 Hypoxia 12 5

 Respiratory failure 3 3

 Atelectasis 2 2

 Pulmonary edema 3 2

Neurologic

 Peripheral motor neuropathy 1 1

 Peripheral sensory neuropathy 10 3

*
Clinically insignificant and correctable electrolyte abnormalities are not included in this list.
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