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Abstract
Background—We previously demonstrated upregulation of c-myc, survivin, and cyclin D1 in
CD34+ bone marrow mononuclear cells (BMMNCs) of patients with trisomy 8 and monosomy 7
myelodysplastic syndromes (MDS). “Knockdown” of cyclin D1 by RNA interference decreased
trisomy 8 cell growth, suggesting that this might be a therapeutic target in MDS.

Experimental Design—We performed preclinical studies using BMMNCs from patients with
MDS and AML to examine the effects of the styryl sulfone ON 01910.Na on cyclin D1
accumulation, aneuploidy, and CD34+ blast percentage. We next treated twelve patients with
higher risk MDS and two trisomy 8 AML patients with ON01910.Na on a phase I clinical protocol
(NCT00533416).

Results—ON 01910.Na inhibited cyclin D1 expression, and was selectively toxic to trisomy 8
cells in vitro. Flow cytometry studies demonstrated increased mature CD15+ myeloid cells and
decreased CD34+ blasts. Three patients treated with ON01910.Na on a clinical had decreased
bone marrow blasts by ≥50%, and three patients had hematologic improvements, one of which
was sustained for 33 months. Patients with hematologic responses to ON 01910.Na had decreased
cyclin D1 expression in their CD34+ cells.
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Conclusions—The preclinical results and responses of patients on a clinical trial warrant further
investigation of ON 01910.Na as a potential novel targeted therapy for higher risk MDS patients.
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Introduction
The myelodysplastic syndromes (MDS) are a group of bone marrow diseases with wide
variation in clinical presentation and disease severity [1]. Typically patients are older and
suffer co-morbidities [2]. MDS is characterized by cytopenias due to ineffective
hematopoiesis and a variable risk of leukemic progression. Treatment of high risk MDS is
particularly difficult. Chemotherapy has a limited role in MDS management [3], and stem
cell transplantation is poorly tolerated in most older individuals. 5-azacytidine provides
lasting hematological responses and improved survival in some patients [4], and
lenalidomide improves blood counts in patients with 5q- syndrome [5,6]. However, some
patients fail to respond to, or relapse after these therapies. Therefore, additional therapies
with good safety profiles are needed.

Monosomy 7 and trisomy 8 are among the most common cytogenetic abnormalities seen in
patients with MDS [7]. In de novo MDS patients with monosomy 7 and trisomy 8, and in
those with trisomy 8 AML, there is up-regulation of cyclin D1 and Wilms Tumor 1 (WT1)
gene expression, which allows for the expansion of aneuploid cells despite a vigorous
immune response against them[8,9]. Cyclin D1 is over-expressed in trisomy 8 and
monosomy 7 cells when examined by microarray [8], realtime PCR [10] and immunoblot
[10]. Cyclin D1 is also increased in high risk MDS bone marrows [11–13]. Up-regulation of
cyclin D1 increases proliferation of leukemia and lymphoma cells, and may upregulate
survivin, an anti-apoptotic protein [10, 12, 14]. Survivin blocks apoptosis upstream of
caspase 8, and may be responsible for MDS clones failing to complete apoptosis [15].
“Knockdown” of either c-myc or surviving diminishes the trisomy 8 clone in MDS without
affecting normal hematopoiesis [10]. Collectively, these findings raise the possibility that
MDS and trisomy 8 AML bone marrows may be susceptible to pharmacologic inhibition of
cell cycle control proteins such as cyclin D1.

ON 01910.Na is a styryl sulfonyl which is a potent inhibitor of molecules that influence cell
cycle progression, including polo-like kinase 1, cyclin D1, and c-myc pathways [16]. It
shows significant in vitro activity against mantle cell lymphoma lines which over-express
cyclin D1, decreases c-myc and cyclin D1 levels, and stimulates apoptosis through release of
caspases and modulation of Bcl-2. Animal studies using ON 01910.Na show little toxicity,
and this compound is well-tolerated in phase I studies of patients solid tumors [17,18]. We
examined the effects of ON 01910.Na on MDS cells in vitro, and report the results of a
phase I clinical trial treating patients with high risk MDS and trisomy 8 AML.

Patients, Methods
Cell preparation and culture

BMMNCs were aspirated from the posterior iliac crest into syringes containing media
supplemented 1:10 with heparin and prepared by density gradient centrifugation using
lymphocyte separation medium (Organon). Aliquots of BMMNC were placed in Myelocult
(Stem Cell Technologies) with growth factors as described previously [19]. For colony
forming assays, cells were plated in methylcellulose with growth factors for fourteen days
and then counted. To assess the effect of ON 01910.Na on aneuploidy, BMMNC were
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cultured in liquid media with growth factors at varying concentrations of ON 01910.Na.
Cells were counted, viability was assessed, and FISH was performed after fourteen days.

Fluorescence in situ hybridization
Cells were treated with hypotonic buffer comprising KCl, HEPES (N-2-
hydroxyethypiperazine-N'-2-ethanesulfonic acid), EGTA (ethylene-glycotetra-acetic acid),
and NaOH, then fixed onto slides using methanol/acetic acid (3:1). FISH was performed
with probes for chromosomes 5q, 7, 11 and 8 (Vysis Inc.) as described previously [15].

Quantitative real-time polymerase chain reaction (PCR)
RNA was isolated from a minimum of 106 PBMCs using RNeasy mini-kits (QIAGEN).
cDNA was synthesized using the Advantage RT-for-PCR kit (Clontech). ABL expression
was used as the cDNA quantity control [20]; its expression was measured using 300 nM
primers and 200 nM probe [21]. Expression of Cyclin D1 was measured using TaqMan
Assays-on-demand probe-and-primer reagents (Applied Biosystems) for Cyclin D1,
Hs00277039_m1, and expressed as a ratio of Cyclin D1/ABL. All reactions by quantitative
reverse-transcription (RT)–PCR using the ABI PRISM 7900 sequence detection system
(Applied Biosystems) were performed in triplicate in 10 µL volume using standard
conditions with 40 cycles of amplification.

Monoclonal antibodies
The following commercially available fluorochrome-conjugated monoclonal antibodies
(mAbs) were used: CD33-PECy5 (BD Pharmingen), CD33-PECy5 (Ebioscience), CD34-
PECy7 (BD Pharmingen), CD13-APCCy7 (Biolegend), CD15-Pacific Blue (Invitrogen),
Cyclin-D1-FITC, CD184-APC, and CD49d PE (BD Pharmingen).

Flow cytometry
To assess intracellular cyclin-D staining by flow cytometry, PBMCs were isolated by
density gradient centrifugation as described previously [22]. Prior to staining, 106 PBMCs
were suspended in IMDM (Gibco Invitrogen) supplemented with 10% fetal bovine serum
(Thermo Fisher Scientific), 2 mM L-glutamine, 100 U/mL penicillin, 100 µg/mL
streptomycin (Invitrogen), and 8 units/mL RNase-free recombinant DNase-I (Roche) (I-10),
and incubated at 37°C 5% CO2. PBMCs were stained with live-dead discrimination dye
BiViD (Invitrogen), and then stained with mABs specific for surface markers. For cyclin D1
studies, PBMCs were fixed and permeabilized with fix/perm buffer (Ebioscience), washed,
and blocked with mouse serum (Caltag Laboratories). Cells were stained intracellularly with
cyclin-D mABs (BD Pharmingen) and analyzed using a LSR-II or LSR Fortessa flow
cytometer (BD). At least 200,000 events were acquired per tube. Data analysis was
performed using FlowJo software (Tree Star, Inc).

Phase I clinical trial description
All patients signed informed consent according to the protocol 07-H-0225 approved by the
Institutional Review Board of the NHLBI, and were treated at the Mark O. Hatfield Clinical
Research Center at the NIH in Bethesda, MD, USA. The study was a non-randomized, dose
escalating, open label, Phase I study of ON 01910.Na. This trial was registered at
clinicaltrials.gov as NCT00533416.

Eligiblity criteria
Eligibility criteria included MDS patients having a World Health Organization classification
[23] of RAEB-1 or 2, or AML with trisomy 8, and cytopenia(s) defined as one of the
following: anemia requiring transfusion of > 1 unit PRBC /mo, or a hemoglobin <9g/dL or a
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reticulocyte count <60,000 cells/uL; and/or thrombocytopenia (platelet count less than
50,000 cells/uL), and/or neutropenia (absolute neutrophil count less than 500/ul). The trial
was open to patients with any cytogenetic abnormality and >5% blasts, based on the fact that
we previously observed up-regulation of cyclin D1 in monosomy 7 [8], and others have
demonstrated increased cyclin D1 expression in MDS patients with various karyotypes [12].
Patients had an ECOG performance status of 0, 1, or 2.

Treatment plan
A standard phase I trial design was utilized [24] (trial scheme depicted in Fig 2), with three
cohorts receiving ON 01910.Na with increases in drug exposure (either by dose or duration)
with each successive cohort. We completed our planned accrual to this trial. Three dose
levels of ON 01910.Na (800mg/m2 / day × 3 days, 800mg/m2/ day × 5 days, or 1000mg/m2 /
day × 5 days) were considered with three to six evaluable patients at each dose level to
enroll up to 18 patients in the event of dose-limiting toxicities. In the absence of dose
limiting toxicity, a cohort received a continuous infusion repeated every 2 weeks with dose
escalation in each subsequent cohort until the maximum tolerated dose was identified. A
cycle was defined as the duration of treatment (3 or 5 days) plus the subsequent days
thereafter for a total of 14 days. Any death considered to be possibly, probably, or definitely
related to ON 01910.Na was considered for early stopping of the corresponding dose cohort
and the cohorts with higher dose levels.

Endpoints
The primary endpoint was toxicity as measured by Common Terminology Criteria for
Adverse Events Version 3.0. Secondary endpoints measured after completion of two cycles
of ON 01910.Na included hematologic improvements, transfusion independence, and
cytogenetic responses, as defined according to the International Working Group (IWG)
criteria [25], and decreases in bone marrow blasts. Metaphase cytogenetics were performed
in a certified clinical laboratory (Quest Diagnostics, Madison, NJ), and assessment of bone
marrow aspirate blast percentages were performed retrospectively by a single
hematopathologist (IM) in a blinded manner. Pharmacokinetics were performed at the first
two dose levels for the first two cycles of treatment as described previously [26].

Statistical methods
Laboratory parameters were expressed as mean ± SEM. Paired t-tests were used to compare
the laboratory parameters before and after ON 01910.Na treatment. The linear mixed models
were used to examine the change in the proportions of CD34+ and CD15+ BMMNCs at
varying concentrations of ON 01910.Na. A positive or negative slope indicates the increase
or reduction in the mean percent cell counts with increasing concentrations of drug. The
statistical significance was set at p < 0.05. Data analysis was performed using the Prism
software (GraphPad, La Jolla, CA) and the SAS 9.2 software (SAS Institute Inc., Cary, NC,
USA)

Results
ON 01910.Na inhibits cyclin D1 expression in MDS bone marrow cells in vitro

We examined the effects of ON 01910.Na on cyclin D1 accumulation on cultured BMMNCs
from patients with high risk MDS with trisomy 8. Cells were incubated with 50–100nM ON
01910.Na or vehicle control for 14 days, and cyclin D1 expression was determined by
quantitative real time PCR. As shown in supplemental figure 1, ON 01910. Na reduced
cyclin D1 transcript levels (measured by real time PCR), in a concentration dependent
manner.
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ON 01910.Na reduces bone marrow blasts and trisomy 8 aneuploidy in vitro
To assess the effects of ON 01910.Na on hematopoiesis, short- term colony culture assays
were performed at varying concentrations of drug. BMMNCs from 5 healthy controls were
placed in culture with growth factors in the presence of vehicle or increasing concentrations
of drug. There were no differences in erythroid or myeloid colony formation in either the
treated or untreated normal cells (data not shown). Because of the ease of identifying the
MDS clone in trisomy 8 patients, and because cyclin D1 is over-expressed in this
population10, we evaluated the effects of ON 01910.Na on blasts in BMMNCs cultured from
patients with high risk trisomy 8 MDS in the presence of vehicle or increasing
concentrations of ON 01910.Na in vitro. Cells treated with ON 01910.Na had decreased
numbers of blasts when examined morphologically (not shown), as well as decreased
percentages of CD34+ bone marrow precursors when evaluated by flow cytometry (fig 1A),
with a corresponding increase in mature CD15+ myeloid cells (fig 1B). In order to assess the
effect of ON 01910.Na on trisomy 8 aneuploidy in patients with high risk MDS, we
quantitated trisomy 8 clone size by FISH in bone marrow mononuclear cells treated in vitro
with ON 01910.Na or vehicle control. As shown in the left panel on figure 1C, trisomy 8
clone size decreased upon treatment with ON 01910.Na 250nM (p=0.013), whereas
percentage of diploid bone marrow mononuclear cells correspondingly increased (not
shown). The mean percentage of monosomy 7 cells was also decreased, but not
significantly, perhaps related to the small sample size (n=3), after treatment with ON
01910.Na (Fig. 1C, right panel).

Phase I clinical trial: patient characteristics
Based on the results described above, we conducted a phase I protocol examining the safety
and tolerability of ON 01910.Na in patients with higher risk MDS or trisomy 8 AML.
Twelve higher risk MDS patients with >5% blasts and two leukemic patients were enrolled,
which completed our planned accrual for this trial. Patients were treated in escalating dosing
cohorts with ON 01910.Na at 800 mg/m2 for three days (n=3), 800 mg/m2 for five days
(n=8), and 1000 mg/m2 for five days (n=3), with each cycle repeated every two weeks for a
maximum of eight cycles (Fig. 2). The demographics, World Health Organization
Prognostic Scoring Scale (WPSS) risk category [27], baseline bone marrow blast
percentage, and cytogenetics for the fourteen patients treated with ON 01910.Na are
depicted in Table 1. Median age of the patients was 73 years (range 56–86 years), and all
MDS patients had a WPSS score of high or very high.

Clinical toxicity of ON 01910.Na
ON 01910.Na infusion was well tolerated. All serious adverse events (SAEs) and all non-
hematologic adverse events (AEs) of grade 2 and higher that were possibly, probably, or
definitely attributed to treatment are listed in Table 2. There were no grade 4 AEs. Two
patients with histories of atrial fibrillation had episodes of this arrhythmia while on study,
both of which were considered unlikely related to treatment, and one patient had
hypotension after an erythrocyte transfusion. One patient with trisomy 8 AML and
neutropenia died of Clostridium difficile colitis and vancomycin resistant enterococcus
bacteremia after receiving two cycles of ON 1910.Na (dose limiting toxicity (DLT) at the
800 mg/m2 for 5 days dose level). One patient developed pharyngitis, and as cultures for
streptococcus, herpesvirus, and fungi were negative the cause was assumed to be viral. One
patient had a grade 3 skin inflammation in an area previously irradiated for nasopharyngeal
carcinoma, and another patient had two episodes of gross hematuria (DLT at the 1000 mg/
m2 for 5 days dose level) . A second patient developed bilateral conjunctivitis, as well as
inflammation of her distal left fourth and fifth fingers after two cycles of treatment (DLT at
the 1000 mg/m2 for 5 days dose level). She was taken off study and her symptoms fully
resolved after a short course of prednisone. Grade 2 toxicities included upper respiratory
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infection, chest pain, irritation at catheter insertion site, and rash. The maximum tolerated
dose was therefore defined as 800 mg/m2/day infusion of ON 01910.Na for 5 consecutive
days every other week.

MDS patients treated with ON 01910.Na exhibit decreased cyclin D1 expression,
reductions in trisomy 8 aneuploidy and blast counts, and improvements in blood counts

The hematologic, bone marrow, and cytogenetic responses are depicted in Table 1. Three
patients treated with ON 01910.Na had ≥ 50% reductions in bone marrow blast percentages
(Table 1). MDS aneuploidy was quantitated by FISH as well as metaphase cytogenetics.
Four of six patients bearing trisomy 8 clones had reductions in their clone size, including
one patient with complex cytogenetics that included trisomy 8 (Table 1). Six patients treated
with ON 01910.Na improved their neutrophil and platelet counts relative to pre-treatment
baselines (Fig 3), and three patients achieved hematologic improvements by IWG criteria
[25] (Table 1). One patient with monosomy 7 who was transfusion-dependent for packed red
blood cells completed ON 01910.Na therapy and was transfusion independent for 33 months
after treatment. We quantitated cyclin D1 levels in CD34+ peripheral blood cells to evaluate
whether ON 01910.Na inhibits cyclin D1 in patients treated systemically. As shown in Fig 4,
ON 01910.Na decreased cyclin D1 expression in three of three patients with hematologic
improvements tested. Patients who did not achieve hematologic improvements had no
changes in cyclin D1 levels (not shown). These results indicate that short- term treatment
with ON 01910.Na selectively improves bone marrow blast percentages, hematologic
parameters and trisomy 8 clone size in MDS patients.

Survival and hematologic response duration after ON1910.Na
Five patients remain alive after ON 01910.Na therapy. The median survival time is 10
months (range 1–42 months, supplemental fig 2). Two patients relapsed at 4 and 33 months
after treatment, and both remain alive with transfusion support. Three non-responders are
alive with stable disease. One patient relapsed two months after treatment and subsequently
died of disease progression. Five patients without hematologic responses died after
progression to AML, one died after conditioning for HSCT, and two died after undergoing
HSCT.

Pharmacokinetic studies
Pharmacokinetic studies performed on patients receiving 800mg/m2 ON 01910.Na for three
days (n=3) and five days (n=2) are shown in supplemental figure 3. The steady-state plasma
levels of ON 01910.Na were maintained at 3070 ± 675 ng/mL during the course of the
infusion. The half-life of the drug was 1.3 ± 0.5 hours, with a clearance of 11.9 ± 2.4 L/hr/
m2and an apparent volume of distribution of 20 L/m2. Plasma levels of ON 01910.Na
plateaued rapidly when the drug was administered by continuous IV infusion, and remained
at steady state throughout the infusion.

Discussion
Styryl sulfonyl compounds such as ON 01910.Na inhibit cyclin D1by negative effects on the
PI-3K/Akt/mTOR/eIF4E-BP signaling pathway. They also promote apoptosis through a
cytochrome c-dependent process [16], and they suppress translation of c-myc, a gene located
on chromosome 8 [13]. Both c-myc and Cyclin D1 expression are increased in trisomy 8 and
monosomy 7 cells [7,8] as well as in MDS bone marrows undergoing transformation to
AML [11,12]. Up regulation of cyclin D1 increases proliferation of these cells, and may up-
regulate survivin, an anti-apoptotic protein [9] “Knock down” of survivin expression by
siRNA leads to apoptosis of trisomy 8 MDS cells without affecting normal hematopoiesis
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[10]. In this study, we applied these observations towards the development of a targeted
therapy for patients with high risk MDS and trisomy 8 AML.

Cyclin D1 transcripts were decreased in cells cultured with ON 01910.Na in vitro, and
cyclin D1 levels were decreased in patients receiving the drug systemically. We observed
decreased numbers of trisomy 8 cells concurrently with decreased blasts when bone marrow
was cultured with ON 1910.Na in vitro, and three patients had improvements in bone
marrow blast percentages after two cycles of treatment. Six patients had improved blood
counts after receiving ON 01910.Na, and three patients achieved hematologic improvements
by IWG criteria despite the relatively brief treatment period on this translational study. In
one patient, the hematologic improvement was associated with PRBC transfusion
independence that was sustained for 33 months. Clinical responses were observed in patients
with trisomy 8 or monosomy 7, and occurred even when these chromosomal abnormalities
were part of a complex karyotype.

ON 01910.Na showed no deleterious effect on normal hematopoiesis; indeed it improved
blood counts in patients with trisomy 8 and monosomy 7. The mechanism(s) for improved
hematopoiesis is unclear. Defective hematopoiesis is frequently observed in patients with
MDS and leukemia, and may occur with low disease burden as estimated by bone marrow
morphology. MDS cells may express neoantigens that elicit an immune response with
killing of normal cells via local release of TNFα and IFNγ by activated lymphocytes [28].
Elimination of these cells could potentially decrease migration of activated autoreactive
lymphocytes to the marrow, resulting in improved hematopoiesis. One novel mechanism for
suppression of normal hematopoiesis in chronic myelogenous leukemia involves the
destruction of GCSF and GCSFR by elastase elaborated by the malignant cells [29].
Leukemic cells may also impair hematopoiesis by disrupting progenitor cell bone marrow
niches [30]. In a mouse model, neutralization of stem cell factor (SCF) secreted by leukemic
cells inhibited CD34+ cell migration into malignant niches resulting in restoration of normal
CD34+ cell numbers in leukemic mice [30]. The hematologic improvements after treatment
with ON 01910.Na warrant further study for its use in cytopenic MDS patients who cannot
withstand standard chemotherapy.

Continuous intravenous (CIV) dosing of ON 01910.Na was well tolerated in MDS patients,
with no grade 4 adverse events. Two patients experienced idiopathic inflammatory reactions.
One patient developed severe inflammation in areas of previous irradiation for carcinoma of
the nasal pharynx, and another had conjunctivitis and inflammation of two distal fingers that
required termination of therapy. No infectious etiology was implicated for either condition.
The mechanism for these inflammatory reactions is unclear, but may relate to CIV dosing,
as such reactions were not observed in a phase I trial using ON 01910.Na in solid tumor
patients dosed in a bolus manner [18]. In contrast, patients dosed by CIV did not report
grade 2 or higher gastrointestinal side effects or fatigue as was observed with bolus dosing
[18].

In a recently published Phase I/II clinical trial [31], 13 higher risk MDS patients
unresponsive to hypomethylating therapy were treated with ON01910.Na. Four patients had
marrow complete responses among eight with stable disease, associated with good drug
tolerance. In a subset of patients, AKT2 phosphorylation was decreased in CD34+ marrow
cells from patients responding to therapy but not in those who progressed on therapy.
Overall median survival was similar in this study (10 months).

In summary, we show both in vitro and in patients receiving drug that ON 01910.Na inhibits
cyclin D1 accumulation, decreases trisomy 8 and monosomy 7 aneuploidy, decreases bone
marrow blast counts, and improves hematopoiesis in some patients with MDS. Further
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studies are needed to define the therapeutic benefit of inhibiting cell cycle control proteins in
higher risk MDS patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effects of ON 01910.Na on CD34+ blasts, CD15+ myeloid cells, and aneuploidy in MDS
cells in vitro. BMMNCs from patients with RAEB-1, RAEB-2 were grown in the presence
of vehicle or increasing concentrations of ON 01910.Na. The percentage of CD34+ blasts
(panel A), CD15+ myeloid cells (panel B) were determined by flow cytometry, and
percentages of aneuploid and diploid cells were determined by FISH expressed as a
percentage of the total cell population (panel C) as described in Materials and Methods.
Individual lines represent independent patient samples. Each data point in panel C represents
a mean +/− SEM from 3 replicate determinations.
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Figure 2.
Clinical trial design.
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Figure 3.
Relationship of ON 01910.Na administration and peripheral blood counts. Peripheral blood
counts of patients receiving ON 1910.Na who demonstrated increased blood counts
coincident with administration of drug. Start of each cycle of infusion indicated by arrows.
All counts depicted are without growth factor or transfusion support.
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Figure 4.
Decreasing levels of cyclin D1 in peripheral blood CD34+ cells following administration of
ON 1910.Na Cyclin D1 was measured by flow cytometry as described in Materials and
Methods in peripheral bood CD34+ cells of patients receiving ON1910. Gating strategy is
seen at far left: live CD33+ cells were discriminated from dead cells by a CD33 versus
BiViD gate. Mononuclear cells were identified by a forward scatter-area (FSC-A) versus
side scatter-area (SSC-A) plot. Viable CD33+ cells were then dichotomized on the basis of
maturation by a CD13+ versus CD34+ bivariate plot. Cyclin-D1 positives were then
identified by a CD33 versus cyclin-D plot, with positive events for cyclin-D1 defined on the
basis of a fluorescence-minus-one (FMO) control. Percentages of CD34+ cells expressing
cyclin D1 from three patients are seen in the right panel.

Olnes et al. Page 13

Leuk Res. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Olnes et al. Page 14

Ta
bl

e 
1

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
an

d 
R

es
po

ns
es

 to
 O

N
 0

19
10

.N
a.

P
at

ie
nt

 c
ha

ra
ct

er
is

ti
cs

P
re

-O
N

19
10

.N
a

P
os

t-
O

N
19

10
.N

a
C

ur
re

nt
 S

ta
tu

s

U
P

N
A

ge
E

C
O

G
sc

or
e

Se
x

R
ac

e
W

P
SS

D
os

e 
L

ev
el

(m
g/

m
2)

C
yt

og
en

et
ic

s
F

IS
H

B
la

st
s

C
el

lu
la

ri
ty

C
yt

og
en

et
ic

s
F

IS
H

B
la

st
s

IW
G

re
sp

on
se

F
ol

lo
w

 u
p

(m
on

th
s)

O
ut

co
m

e

1
65

0
M

W
V

er
y

hi
gh

80
0 

×
3d

46
X

Y
,+

8,
−

7,
5q

-,
 1

2p
- 

16
/2

0
68

%
13

%
hy

pe
r

46
X

Y
,+

8,
−

7,
5q

-,
 1

2p
- 

20
/2

0
41

%
4%

H
I-

2,
B

M
4

D
ec

ea
se

d

2
68

1
M

W
V

er
y

hi
gh

80
0 

×
3d

45
X

Y
,−

7 
20

/2
0

92
%

10
%

hy
pe

r
45

X
Y

,−
7 

20
/2

0
72

%
5%

H
I-

1,
B

M
42

A
liv

e

3
78

0
M

W
V

er
y

hi
gh

80
0 

×
3d

46
X

Y
,+

8 
(6

/2
0)

,−
7(

12
/2

0)
11

%
6%

hy
pe

r
47

X
Y

,+
8 

1/
20

2%
5%

N
R

7
D

ec
ea

se
d

4
76

1
M

W
H

ig
h

80
0 

×
 5

d
47

X
Y

, +
8 

20
/2

0
58

%
11

%
hy

pe
r

47
X

Y
, +

8 
1/

20
15

%
11

%
N

R
6

D
ec

ea
se

d

5
71

1
M

W
V

er
y

hi
gh

80
0 

×
 5

d
hy

pe
rp

lo
id

y 
in

 1
9/

20
m

et
ap

ha
se

s
44

%
15

%
hy

pe
r

hy
pe

rp
lo

id
y 

in
 1

9/
20

m
et

ap
ha

se
s

N
D

10
%

N
R

8
D

ec
ea

se
d

6
68

1
F

W
A

M
L

80
0 

×
 5

d
47

X
X

,+
8 

10
/2

0,
 X

X
X

X
 3

/2
0

57
%

93
%

hy
po

47
X

X
 +

8 
4/

20
15

%
35

%
B

M
10

D
ec

ea
se

d

7
67

1
F

H
H

ig
h

80
0 

×
 5

d
46

, X
X

, t
(3

;2
1)

(q
26

.2
;q

22
)

19
/2

0
N

D
7%

hy
po

46
, X

X
, t

(3
;2

1)
(q

26
.2

;q
22

)
19

/2
0

N
D

6%
N

R
19

D
ec

ea
se

d

8
75

1
M

B
A

M
L

80
0 

×
 5

d
47

X
Y

,+
8 

,2
0/

20
28

%
94

%
hy

pe
r

47
, X

X
 +

8 
18

/2
0

N
D

N
D

N
R

1
D

ec
ea

se
d

9
56

1
M

W
V

er
y

hi
gh

80
0 

×
 5

d
47

X
Y

,+
11

, 1
9/

20
78

%
11

%
hy

pe
r

47
X

Y
,+

11
, 2

0/
20

76
%

43
%

N
R

11
D

ec
ea

se
d

10
77

1
M

W
H

ig
h

80
0 

×
 5

d
46

X
Y

N
D

8%
hy

pe
r

46
X

Y
N

D
6%

H
I-

1
21

A
liv

e

11
86

1
M

B
H

ig
h

80
0 

×
 5

d
47

X
Y

,+
8 

20
/2

0
92

%
5%

hy
pe

r
46

 X
Y

22
%

4%
N

R
20

A
liv

e

12
63

1
F

W
V

er
y

hi
gh

10
00

 ×
 5

d
45

X
X

,−
7,

 2
0/

20
90

%
13

%
hy

pe
r

46
 X

Y
,−

7 
(2

/1
5)

25
%

10
%

N
R

7
D

ec
ea

se
d

13
77

1
M

W
H

ig
h

10
00

 ×
 5

d
47

 X
Y

, t
(3

;9
)+

8 
72

%
52

%
9%

hy
pe

r
47

 X
Y

, t
(3

/9
),

 +
8,

 8
5%

40
%

10
%

N
R

4
A

liv
e

14
77

1
M

B
V

er
y

hi
gh

10
00

 ×
 5

d
43

 X
Y

, c
om

pl
ex

 w
ith

 −
7q

, -
5,

 −
8,

 +
10

, −
15

, −
18

, −
20

 a
nd

11
 o

th
er

s 
; 7

/2
0

N
D

7%
hy

pe
r

43
 X

Y
, c

om
pl

ex
 w

ith
 −

7q
, -

5,
 −

8,
 +

10
, −

15
, −

18
, −

20
 a

nd
11

 o
th

er
s 

; 1
9/

20

N
D

6%
N

R
2

A
liv

e

A
bb

re
vi

at
io

ns
: A

M
L

, a
cu

te
 m

ye
lo

id
 le

uk
em

ia
; B

, b
la

ck
; B

M
, b

on
e 

m
ar

ro
w

 r
es

po
ns

e;
 E

C
O

G
, E

as
te

rn
 C

oo
pe

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
; F

, f
em

al
e;

 F
IS

H
, f

lo
re

sc
en

ce
 in

 s
itu

 h
yb

ri
di

za
tio

n;
 H

, H
is

pa
ni

c;
 H

I,
 h

em
at

ol
og

ic
 im

pr
ov

em
en

t; 
H

yp
er

, h
yp

er
ce

llu
la

r 
m

ar
ro

w
; h

yp
o,

 h
yp

oc
el

lu
la

r
ar

ro
w

; I
nt

-2
, i

nt
er

m
ed

ia
te

-2
; I

W
G

, I
nt

er
na

tio
na

l W
or

ki
ng

 G
ro

up
; M

, m
al

e;
 N

D
, n

ot
 d

on
e;

 U
PN

, n
iq

ue
 p

at
ie

nt
 n

um
be

r;
 W

, w
hi

te
; W

PS
S,

 W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n 
Pr

og
no

st
ic

 S
co

ri
ng

 S
ca

le

Leuk Res. Author manuscript; available in PMC 2013 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Olnes et al. Page 15

Table 2

Serious Adverse Events, and Grade 2 or Higher Non-hematologic Adverse Events.

Severe adverse events

Category Event N Dose level

Cardiovascular Atrial
fibrillation/flutter
Hypotension

2
1

800 mg/m2 × 3 days
800 mg/m2 × 3 days

Infection VRE
bacteremia, C.
diff colitis
Pharyngitis

1
1

800 mg/m2 × 5 days
1000 mg/m2 × 5 days

Ocular visual/Dermatologic Conjunctivitis,
inflammation of
left 4th, 5th digits

1 1000 mg/m2 × 5 days

Renal/Genitourinary Gross
hematuria

2 1000 mg/m2 × 5 days

Non-hematologic AEs Grade 2 Grade 3 Grade 4

Cardiovascular
     Chest pain

1 - -

Dermatology/skin
     Rash
     Dry skin
     Radiation recall

1
1
-

-
-
1

-
-
-

Hemorrhage
     Epistaxis
     Gum bleeding

1
1

-
-

-
-

Infection/febrile
neutropenia
     Upper respiratory tract
     Febrile neutropenia
     Urinary tract
     Prostatitis
     Oral thrush

4
-
1
1
1

-
1
-
-
-

-
-
-
-
-

Metabolic
     Decreased calcium
     Elevated LDH
     Increased bilirubin

-
-
-

1
1
1

-
-
-

Pain
     Nose

1 - -

Vascular
     IVC site inflammation

2 - -

AE, adverse event;C. diff., clostridium difficile; IVC, intravenous catheter; LDH, lactate dehydrogenase; SAE, serious adverse event; URI, upper
respiratory tract infection; VRE, vancomycin resistant entercoccus
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