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Introduction

Acute myeloid leukemia (AML) carries a dismal prognosis in older patients, espe-
cially those with adverse cytogenetics and/or poor performance status. The median
age at diagnosis is 67 years, with 5-year survival less than 10%.1 Standard induction
chemotherapy with cytarabine and an anthracycline can achieve remission in
selected older AML patients, but this regimen is often not feasible due to toxicity
and poor tolerability. Furthermore, long-term survival after initial intensive
chemotherapy is rare in these patients, even in the setting of initial complete remis-
sion (CR). Decitabine (5-aza-2’-deoxycytidine), a DNA methyltransferase inhibitor,
has shown efficacy with an acceptable extramedullary toxicity profile in newly
diagnosed older AML patients, with 25% CR, 7% 30-day mortality, and a median
overall survival of 7.7 months when administered using a schedule of 20 mg/m2

over one hour (h) daily for five days. Of note, patients in this multicenter study
received a median of 3 cycles of treatment (range 1-25 cycles).2 Blum et al. treated
53 AML patients with a median age of 74 years (range 60-85 years) with decitabine
20 mg/m2 daily for ten days every four weeks.3 The CR rate was 47% after a medi-
an of 3 cycles of therapy, with 2% 30-day and 15% 8-week induction mortality,
mostly due to disease progression. Median overall and disease-free survival were 55

Acute myeloid leukemia carries a dismal prognosis in older patients.
The objective of this study was to investigate the safety and effi-
cacy of decitabine combined with the CXCR4 antagonist plerix-

afor in newly diagnosed older patients with acute myeloid leukemia and
to evaluate the effects of plerixafor on leukemia stem cells. Patients were
treated with monthly cycles of decitabine 20 mg/m2 days 1-10 and esca-
lating doses of plerixafor (320-810 mcg/kg) days 1-5. Sixty-nine patients
were treated, with an overall response rate of 43%. Adverse karyotype
did not predict response (P=0.31). Prior hypomethylating agent treatment
was the strongest independent predictor of adverse overall survival (haz-
ard ratio 3.1; 95%CI: 1.3-7.3; P=0.008) and response (14% in previously
treated patients, 46% in treatment naïve; P=0.002). As expected, the most
common toxicities were myelosuppression and infection. Plerixafor
induced mobilization of leukemia stem and progenitor cells, but did not
cause clinically significant hyperleukocytosis. Reduction in leukemia
stem cells appeared to correlate with duration of response. Plerixafor can
be safely added to decitabine in poor-prognosis, elderly acute myeloid
leukemia patients.  The maximum tolerated dose of the combination was
810 mcg/kg. While mobilization of leukemia stem cells was observed in
some patients, the clinical benefit of adding plerixafor was uncertain.
This trial was registered at clinicaltrials.gov identifier: 01352650.

Phase I trial of plerixafor combined with
decitabine in newly diagnosed older patients
with acute myeloid leukemia
Gail J. Roboz,1 Ellen K. Ritchie,1 Yulia Dault,1 Linda Lam,1 Danielle C.
Marshall,1 Nicole M. Cruz,1 Hsiao-Ting C. Hsu,1 Duane C. Hassane,1 Paul J.
Christos,2 Cindy Ippoliti,1 Joseph M. Scandura1 and Monica L. Guzman1

1Division of Hematology and Medical Oncology, Leukemia Program, Weill Cornell
Medicine/New York-Presbyterian Hospital and 2Division of Biostatistics and Epidemiology,
Weill Cornell Medicine, New York, NY, USA

ABSTRACT



and 46 weeks, respectively.3 Similar results have been
achieved in other single-center trials using single-agent
decitabine in a 10-day schedule, including at our own cen-
ter.4,5 Still, since most newly-diagnosed AML patients
treated with decitabine generally relapse within 6-18
months, and overall median survival is less than one year,
a variety of potentially synergistic agents are under inves-
tigation.
Acute myeloid leukemia originates from a rare popula-

tion of leukemia stem cells (LSCs) that are capable of self-
renewal, proliferation, and differentiation into malignant
blasts. LSCs and leukemic blasts can persist after treatment
and contribute to disease relapse.6 Drugs that release LSCs
and blasts from their protective microenvironment may
leave them more vulnerable to therapy, as they are strongly
dependent on the bone marrow niche for proliferation and
survival.7 CXCR4, the chemokine receptor for stromal cell-
derived factor 1 (CXCL12/SDF-1), is a critical component
of the bone marrow niche and is expressed on both normal
stem cells and AML blasts. The CXCR4/SDF-1 axis in
AML promotes leukemic cell homing to the marrow, as
well as in vivo growth.8,9 Plerixafor, a small molecule antag-
onist of CXCR4, is commercially available as a stem cell
mobilizing agent and is approved by the US Food and Drug
Administration (FDA) for use in combination with granu-
locyte-colony stimulating factor (G-CSF) for patients with
multiple myeloma or non-Hodgkin lymphoma undergoing
autologous stem cell transplantation (Mozobil, Sanofi-
Aventis). Plerixafor blocks CXCR4-mediated signaling and
significantly decreases the survival of AML cells in vitro.
Plerixafor has been safely combined with cytotoxic
chemotherapy in several studies of patients with
relapsed/refractory AML.10-12 While mobilization of
leukemic blasts was achieved, these trials were not ran-
domized and, thus, the impact of plerixafor on clinical out-
comes was unclear. The objective of this investigator-initi-
ated clinical trial was to investigate the safety and efficacy
of adding plerixafor to decitabine in newly diagnosed older
patients with AML. Extensive correlative scientific studies
were performed to determine the effects of plerixafor on
the mobilization of LSCs and leukemic progenitor cells.

Methods

This trial was registered at clinicaltrials.gov identifier: 01352650
and was approved by the Institutional Review Board of Weill
Cornell Medical College. The study was performed in accordance
with the Declaration of Helsinki, and all subjects provided written
informed consent.

Patient selection and study design
The study population included patients ≥60 years old with

newly diagnosed, pathologically confirmed AML, as defined by
World Health Organization criteria.13 Patients with an antecedent
hematologic disorder or therapy-related myeloid neoplasm were
included, but those with acute promyelocytic leukemia or favor-
able risk cytogenetics according to the European LeukemiaNet
(ELN) criteria were excluded from participation.14 Patients with a
history of prior treatment with either decitabine or plerixafor, and
those undergoing active treatment for a concomitant malignancy
were also excluded. There were no mandatory requirements for
organ system function or performance status, but patients  with a
calculated CrCl of ≤50 mL/min using the Cockcroft-Gault formula
had a dose reduction of plerixafor by one-third during that cycle,

as per the FDA package insert for plerixafor. 
The trial was designed as an open-label, phase I feasibility study

to optimize mobilization of leukemia stem and progenitor cells
using a fixed dose and schedule of decitabine combined with esca-
lating doses of plerixafor. Based on previous data, it was expected
that patients would require between 1-4 10-day cycles of
decitabine to achieve clinical response. Plerixafor was adminis-
tered during alternating treatment cycles, which allowed each
patient to serve as his/her own “control” for measurements of
mobilization and other correlative scientific studies. Half of the
patients received plerixafor during odd-numbered treatment
cycles, and half during even-numbered cycles, as the optimal tim-
ing of plerixafor administration was unknown. 

Treatment schedule
Patients were treated according to the schedule in Figure 1.

Ninety-three patients were screened and 69 were enrolled onto
the trial. Prior to protocol treatment, patients were treated with
hydroxyurea to reduce the total white blood cell count to <30
x109/L. Up to 4 induction cycles of decitabine, with or without the
addition of plerixafor, were permitted, with 28-56 days between
the starting days of each cycle. Decitabine was administered as an
intravenous infusion of 20 mg/m2 over 1 hour (h) on days 1-10 of
every treatment cycle. Plerixafor was administered 4 h prior to
decitabine, during alternating treatment cycles: schedule A
patients received plerixafor during even-numbered cycles and
schedule B patients received plerixafor during odd-numbered
cycles.  There were three dosing cohorts of plerixafor. Cohorts 1,
2 and 3 received 320, 540, and 810 μg/kg of plerixafor intravenous-
ly on days 1-5, respectively, during alternating treatment cycles.
All patients in all groups were treated with decitabine at the same
dose and schedule. Patients with evidence of clinical benefit from
treatment, including improved blood counts, reduced transfusion
requirements, and/or improved performance status were eligible
for treatment with ongoing monthly maintenance cycles of five
days of decitabine, with plerixafor administered during alternate
cycles according to the same dose and schedule as during induc-
tion. Patients were treated with antibiotics, transfusions, and
other supportive care measures as per institutional guidelines. The
use of erythropoietic growth factors was not permitted. GSCF
was permitted at the discretion of the investigator, but could not
be administered on the same days as plerixafor. Plerixafor was
provided by Genzyme Inc., which was later acquired by Sanofi
Oncology. 

Safety assessments
Patients were hospitalized for daily laboratory and clinical mon-

itoring, as per institutional practice. Adverse events were reported
using the National Cancer Institute (NCI) Common Terminology
Criteria (CTCAE) v.4.0. A data and safety monitoring board
(DSMB) was established as per the guidelines of Weill Cornell
Medical College, and assessments of dose-limiting toxicity (DLT)
were made in conjunction with the Data and Safety Monitoring
Board. 

Response assessments
Responses were determined using the International Working

Group criteria.15 Complete remission (CR) was defined as a
decrease in bone marrow blasts to less than 5% and absence of
blasts in the peripheral blood,  coupled with recovery of the
absolute neutrophil count (ANC) to ≥1.0x106/mL and platelet
count to ≥100x106/mL. Patients who met all criteria for CR except
ANC or platelet recovery were defined as CR with incomplete
peripheral blood count recovery (CRi). Partial response (PR) was
defined as a ≥50% reduction in bone marrow blasts. 
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Statistical analysis
The primary study end point was to determine the safety and

toxicity of this novel treatment regimen combining decitabine and
plerixafor. The secondary clinical end points included overall
response rate and overall survival. Overall survival was measured
in months from cohort assignment to date of death or last follow-
up date. The overall response rate (ORR) calculation included CR,
CRi and PR. Descriptive statistics (i.e. median, range, frequency,
and percent) were calculated to characterize the study population.
Overall survival (OS) was assessed by Kaplan-Meier survival
analysis, and univariate associations between demographic/clini-
cal variables of interest and OS were assessed by the log-rank test.
The independent effect of demographic/clinical predictors of inter-
est on OS was assessed by multivariable Cox proportional haz-
ards regression analysis. Adjusted hazard ratios (HR) were com-
puted and 95% confidence intervals (95%CI) for hazard ratios and
median OS time estimates are presented to assess the precision of
the obtained estimates. Median follow-up time for the study
group was computed based on survivors. Associations between
demographic/clinical variables of interest and overall response
were evaluated by the χ2 test or Fisher’s exact test, as appropriate.
All P-values are two-sided with statistical significance evaluated at
the 0.05 alpha level. All analyses were performed in SPSS v.24.0
(SPSS Inc., Chicago, IL, USA) and Stata v.14.0 (StataCorp, College
Station, TX, USA).     

Correlative scientific studies
Details of correlative scientific studies and mutational profiling

can be found in Online Supplementary Appendix 1.

Results

Patients' characteristics
Ninety-five newly diagnosed AML patients were

screened for eligibility and 69 patients were enrolled onto
the study between June 2011 and January 2013. Of the 26
patients ineligible for study participation, 18 were reclas-
sified as having myelodysplastic syndrome and 8 patients
chose to receive standard induction chemotherapy.
Baseline characteristics are presented in Table 1. The base-
line mutational profile of the cohort is presented in Figure
2. The most frequently observed mutations were in
RUNX1 (38%), TET2 (31%), ASXL1 (30%), SRSF2 (30%),
DNMT3A (28%), BCOR (18%), and TP53 (18%). The
median age at diagnosis was 73 years (range 56-87 years);

55% were male. Approximately 80% of the patients had
Eastern Cooperative Oncology Group (ECOG) perform-
ance status (PS) 0-1 and the remainder had ECOG PS 2.
Forty-four percent of patients had adverse cytogenetics,
44% had an antecedent hematologic disorder, and 45%
had therapy-related AML. The median bone marrow
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Figure 1.  Treatment schema.

Table 1. Patients' baseline characteristics.
Characteristic or demographic          N. of patients                       %

Age at diagnosis, years                                                                                    
Median                                                                73                                        
Range                                                               56-87                                     

Sex                                                                                                                       
Female                                                                31                                     44.9
Male                                                                    38                                     55.1

ECOG performance status                                                                             
0                                                                          12                                     17.4
1                                                                          44                                     63.8
2                                                                          13                                     18.8

CALGB cytogenetic risk classification20                                                       
Intermediate                                                    39                                     56.5
Adverse                                                             30                                     43.5

Antecedent hematologic disorder                                                               
Present                                                               30                                     43.5
Not present                                                       39                                     56.5

Treament-related AML
Yes                                                                       31                                     44.9
No                                                                        38                                     55.1

Prior hypomethylating agent                                                                          
Yes                                                                       14                                     20.3
No                                                                        55                                     79.7

Bone marrow blasts                                                                                         
Median                                                                54                                        
Range                                                                6-99                                      

Ejection fraction
Median                                                                62
Range                                                               30-76                                     

Creatinine clearance ≤50 mL/min                    28                                     40.6
Bilirubin >1.5 x ULN                                             3                                       4.4
White blood cell count >30x109/L                     10                                     14.5
N: number; ECOG: Easter Cooperative Oncology Group; CALGB: Cancer and Leukemia
Group B; AML: acute myeloid leukemia; ULN: upper limit of normal. Based on Byrd et
al. CALGB cytogenetic risk criteria.20



blasts was 54% (range 6-99%) and 15% of patients had a
baseline white blood cell count greater than 30x109/L.
Forty-five percent of patients had impaired hepatic or
renal function at study entry. Twenty percent of patients
had received prior treatment with azacitidine.
Patients were evenly distributed among the three plerix-

afor dosing cohorts and received a median of 3 cycles of
decitabine and one cycle of plerixafor. Thirty-two percent
(n=21) of patients received more than 3 cycles of
decitabine and more than one cycle of plerixafor.

Safety
Grade 3 and 4 adverse events were as expected for older

AML patients and included myelosupression in all
patients, febrile neutropenia (65%), bacteremia (30%),
and respiratory infections (23%). While myelosuppression
was common, there were no episodes of unexpectedly
prolonged myelosuppression in the absence of residual
AML. Grade 1 and 2 adverse events observed in more than
20% of patients included, in ascending order of frequency:
depression (23%), anxiety (26%), limb-related pain (29%),
anorexia (30%), fever (30%), peripheral edema (33%),
infection (36%), elevated creatinine (46%), nausea (48%),
fatigue (51%), constipation (52%), skin disorders (53%),
diarrhea (58%), and elevated bilirubin (83%) (Table 2).
Grade 1 and 2 insomnia was unique to plerixafor-contain-
ing cycles and was experienced by 56.1% of patients.
There was no clinically significant hyperleukocytosis
caused by plerixafor. There was one episode of dose-lim-

iting toxicity, renal insufficiency, in the 810 μg/kg cohort,
but this was not clearly related to plerixafor. Still, this
event, combined with the clinical impression of increased
insomnia and increased non-serious gastrointestinal com-
plaints in the 810 μg/kg cohort, led us to recommend 675
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Figure 2. Mutational profile of patients studied. Each column indicates a
patient, while each row indicates a gene tested (right label) and the per-
cent of patients mutated for each gene (left label). Each mutation is col-
ored according to the mutation type(s) present. Bar plots show the num-
ber of mutations per patient (top) and the total number of mutations per
gene (right). 

Table 2. Grade 1/2 adverse events observed in over 20% of subjects,
regardless of drug attribution.

                                                                                                        N (%)
Depression                                                                                 16 (23)
Anxiety                                                                                          18 (26)
Limb-related pain                                                                      20 (29)
Anorexia                                                                                       21 (30)
Fever                                                                                             21 (30)
Peripheral edema                                                                      23 (33)
Infection                                                                                      25 (36)
Elevated creatinine                                                                   32 (46)
Nausea                                                                                         33 (48)
Fatigue                                                                                         35 (51)
Constipation                                                                               36 (52)
Skin disorders                                                                            37 (53)
Insomnia                                                                                      39 (56)
Diarrhea                                                                                       40 (58)
Elevated bilirubin                                                                      57 (83)
N: number.



μg/kg as the maximum tolerated dose of plerixafor for this
regimen. The 30-day induction mortality was 5.8% (n=4)
and 60-day induction mortality was 13.0% (n=9). 

Efficacy
Of 69 evaluable patients, the overall response rate was

43% (35% CR, 7% CRi, 1% PR), with a median time to
best response of 1.9 months (2 cycles, range 0.9-7.9
months). The median response duration was 4.5 months,
with a median follow-up time for the entire study group
(based on survivors) of 9.9 months (range 5.4-24.8
months). Median OS was 11.2 months (95%CI: 8.5
months, 13.9 months) (Figure 3A). As expected, the medi-
an OS for responders was significantly longer (18 months;
95%CI: 10.5-25.4 months) than for non-responders (5.0
months; 95%CI: 1.4-8.6 months) (P<0.0001). Prior treat-
ment with azacitidine was the strongest independent pre-
dictor of OS (adjusted hazard ratio 3.1, 95%CI: 1.3-7.3;
P=0.008) (Figure 3B). The median survival of patients pre-
viously treated with azacitidine was also much shorter
than for previously untreated patients (2.5 months,
95%CI: 1.1-3.8 months vs. 12.6 months, 95%CI: 9.5-15.7
months; P=0.001). In addition, whereas 52% of HMA
treatment-naïve patients responded to treatment (46%/6%
CR/CRi), only 14% of patients previously treated with an
HMA achieved a response (0%/14% CR/CRi; P=0.002).
Finally, adverse karyotype did not predict overall response
(P=0.31) and 53% of patients with adverse cytogenetics
achieved responses (43% CR, 7% CRi, 3% PR). Median
OS was 10.9 months in 59 patients without a TP53 muta-
tion and 18.1 months in the 10 patients with TP53 muta-
tion, but this result was not statistically significant, proba-
bly due to the small sample size. In multivariate analysis,
however, adverse karyotype, as well as baseline bone mar-
row blasts more than 54%, were significant predictors of
poor OS. Neither therapy-related AML nor the presence of
an antecedent hematologic disorder was a significant pre-
dictor of response; 10 patients with therapy-related AML
(32%) and 14 patients (45%) with an antecedent hemato-
logic disorder achieved CR/CRi. There were no significant
differences in ORR or OS based on plerixafor dose level
(P=0.55 and P=0.19, respectively) or treatment schedule (A

vs. B; P=0.71 and P=0.53, respectively), but the study was
not powered for these comparisons.
After discontinuation of study treatment, 28 patients

(42%) received further anti-leukemia therapies. Of these
28 patients, 8 achieved first or second remission with stan-
dard cytarabine/daunorubicin induction (n=5), additional
decitabine (n=2), or elacytarabine (n=1). Thirteen patients
(20%) underwent hematopoietic stem cell transplantation,
of whom 9 were in remission, one was in partial remis-
sion, and 3 were not in remission at the time of transplant.

Correlative studies
The primary goal of the correlative studies was to assess

the ability of plerixafor to induce mobilization. As shown
in Figure 4, treatment with plerixafor resulted in signifi-
cant mobilization of leukemic stem and progenitor cells,
but not as robustly and consistently as predicted. The
mobilizing effect of plerixafor was highly significant
(P=0.0221) among clinical responders (n=21) versus non-
responders (n=19) (Figure 4B). Patients who received pler-
ixafor combined with decitabine starting in their first
cycle of treatment (B cohorts) were observed to have their
most significant mobilizations during plerixafor-contain-
ing cycles (n=26; P=0.0318) (Figure 4C and D).  As plerix-
afor is a CXCR4 antagonist that is expected to induce cell
cycle entry of LSCs via loss of CXCR4-SDF1 interaction,
we evaluated CXCR4 expression prior to plerixafor
(Figure 5A), as well as cell cycle status before and after
exposure to plerixafor (Figure 5C).  As expected, we found
that, within the responder group, plerixafor was more
likely to mobilize CXCR4+ cells (Figure 5A and B).
Interestingly, no significant differences were found for the
non-responder group when evaluating mobilization with
respect to CXCR4 expression (Online Supplementary Figure
S1A). In addition, we found that plerixafor was more like-
ly to increase the cycling of stem/progenitor cells, as meas-
ured by Ki-67 staining (Figure 5C and D).  However, even
though we observed that mobilizers tended to have
increased proportions of cycling cells, we did not find dif-
ferences in the duration of response or time to relapse
between patients with and without increased cycling
(Online Supplementary Figure S1B). 
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Figure 3. Overall survival (OS) for all evaluable patients in the study. (A) Kaplan-Meier OS curves for all patients (n=69) enrolled on the study. Median OS 11.2 months
(95% CI: 8.6 months, 13.8 months). (B) OS for patients stratified by prior hypomethylating agent (HMA) therapy. No prior  HMA  (n=55), median OS 12.6 months
(95%CI: 9.2, 15.9 months);  prior  hypomethylating agent (n=14), median OS 2.5 months (95%CI: 1.1, 3.8 months);  P=0.0008 by log-rank test. PD: plerixafor +
decitabine; D:  decitabine.
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Phenotypically defined LSCs were evaluated in the bone
marrow during treatment.  It is clear that LSCs were
shown to persist even after multiple cycles of decitabine
(Figure 6).  An increase in LSC frequency was noted after
cycle 3, when relapses were beginning to become evident
(Figure 6A).  Interestingly, among non-mobilizers, there
was a continuous increase in LSCs (Figure 6B), suggesting
the inability of decitabine to eliminate these cells.
Furthermore, among responders, the absence of an
increased population of LSCs after cycle 3 correlated with
prolonged remission, with relapse in most patients only
after 8 cycles of therapy. In contrast, all patients with a
greater than two-fold increase in LSCs at cycle 3 relative
to the previous bone marrow time point replapsed before
completing 7 cycles of therapy (Figure 6C). 

Discussion

This investigator-initiated clinical trial was the first time
a mobilizing agent has been combined with a DNA
methyltransferase inhibitor in newly diagnosed patients
with AML. The study was based on the hypothesis that

blockade of CXCR4/SDF-1 signaling with plerixafor
would mobilize leukemic stem and progenitor cells out of
their bone marrow microenvironment and make them
more susceptible to the effects of decitabine. We found
that adding plerixafor to decitabine was safe and tolerable.
The toxicity profile was as expected for older patients
with newly diagnosed AML treated with 10-day cycles of
decitabine and included myelosuppression, febrile neu-
tropenia, and infections. Importantly, the addition of pler-
ixafor did not induce clinically significant hyperleukocyto-
sis or tumor lysis syndrome. Grade 1 and 2 insomnia and
gastrointestinal disturbances were more frequent with
plerixafor, but there were no major, unexpected events.
We established the maximum tolerated dose of plerixafor
as 810 μg/kg and the recommended treatment dose for
combination with decitabine as 675 μg/kg, based on an
event of renal insufficiency, combined with increased
episodes of gastrointestinal complaints and insomnia. 
We designed extensive correlative scientific studies in

an effort to understand the effects of plerixafor on
leukemic stem and progenitor populations. Treatment
with plerixafor resulted in significant mobilization of
leukemic stem and progenitor cells, but not as effectively
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Figure 4. Plerixafor increas-
es mobilization of
stem/progenitor cells. (A)
Violin plot representing the
fold change, evaluated at 4
hours after infusion, in
stem/progenitor cells
(CD34+CD38-) for all patients
comparing cycles containing
plerixafor (DP) to cycles with-
out plerixafor (P). Scatter
plots representing the aver-
age fold change in
stem/progenitor cells
(CD34+CD38-) comparing (B)
responders and non-repon-
ders in all cohorts, (C)
cohorts A and B, and (D) all
cohorts.  Each symbol repre-
sents a patient, horizontal
bar represents the mean,
error bars represent the
Standard Error of Mean.
Paired t-tests between plerix-
afor and non-plerixafor
cycles.

A B

C D



as predicted. There are several possible reasons for this,
including: a) suboptimal dose and/or schedule of plerix-
afor, leading to inadequate CXCR4 blockade; b) subopti-
mal CXCR4 blockade despite adequate dosing; c) ade-
quate CXCR4 blockade, but presence of additional factors
influencing the dependency of LSCs on their microenvi-
ronment, such as VLA-4 and/or E-selectin. Also, CXCR4-
expressing LSCs were more effectively mobilized than
those without CXCR4 expression and plerixafor effective-
ly increased the cycling of stem/progenitor cells, but we
did not measure the effect of increased cycling on the abil-
ity of decitabine to incorporate into these cells. Our data
show that leukemia stem and progenitor cells persist after
treatment with decitabine. Persistence of LSCs has been
associated with disease progression in larger AML studies
using chemotherapy,16 but the significance of phenotypi-
cally-defined LSCs in disease progression or clinical out-

comes for HMA-based therapies requires further investi-
gation in larger studies. We did not observe consistent
data indicating that CXCR4 blockade with plerixafor sen-
sitizes LSCs and progenitors to decitabine, but depletion
of LSC populations by cycle 3 among responders seemed
to be predictive of longer remission duration.
While this trial was designed to optimize acquisition of

clinically relevant, correlative scientific data, the design
may not have optimized the antileukemic effects of the
plerixafor/decitabine combination, since patients received
plerixafor only every other cycle and for only half of the
decitabine doses (5 of 10 doses). At the trial outset, we
were uncertain as to the optimal dose and schedule of
plerixafor, and concerned about its potential for inducing
leukocytosis. These issues led to a treatment design in
which plerixafor was administered either during even
numbered or odd-numbered cycles for each dosing
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Figure 5. Plerixafor is more likely to mobilize CXCR4+ cells and increase the cycling
of stem/progenitor cells. (A) Representative flow cytometry histograms for CXCR4
expression in diagnostic samples from a mobilizer and a non-mobilizer. Blue filled
histogram represents control, red represents CXCR4-stained. (B) Scatter plots for the
expression of CXCR4 at diagnosis comparing mobilizers and non-mobilizers within
the responder group. (C) Representative flow cytometry dot plots to determine cell
cycle status. Red squares show quiescent cells.  (D) Scatter plots representing Ki-67+

stem/progenitor cells in mobilizers and non-mobilizers during plerixafor-containing
cycles (PD) and non-plerixafor cycles (D). Each symbol represents a patient, horizon-
tal bar represents the mean, error bars represent the Standard Error of Mean. 
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cohort, with the objective of using each patient as his/her
own control. Mobilization may have been enhanced by
additional days of dosing, or by concomitant administra-
tion of G-CSF, as recommended for plerixafor’s FDA-
approved indication. 
The overall response rate of 43% and overall survival of

11 months are consistent with, but not significantly better,
than the results from single-agent, 10-day schedules of
decitabine reported by our center and others. Responses
were seen in poor-prognosis, older patients with AML,
including in those with particularly aggressive biological
features, such as adverse karyotype, TP53 mutation, or
therapy-related disease. Of interest, as has been previous-
ly reported with decitabine,17 OS was longer in patients
with TP53 mutations, though the small sample size pre-
cluded statistical significance. While our data did not con-
firm a robust clinical benefit for the addition of plerixafor
to decitabine in the doses and schedules investigated, the
strong scientific rationale for the combination, the sugges-

tive correlative scientific data, and the safety and feasibil-
ity of the approach argue that the concept of CXCR4
blockade in AML therapy should not be abandoned.
Strategies for further investigation could include mobiliza-
tion with alternative CXCR4 antagonists, such as novel
small molecule inhibitors and antibodies, as well as com-
bination strategies with G-CSF, E-selectin antagonists,
and/or BCL2-inhibitors.
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Figure 6. Leukemia stem/progenitor cells persist after treatment with
decitabine;  absence of increase in leukemia stem cells (LSCs) at cycle 3 in
responders correlates with longer remissions. (A) Scatter plots representing the
fold change in LSCs (CD34+CD38-CD123+CD90-)  in the bone marrow at the end
of the cycle indicated, relative to the previous time point. (B) Fold change in LSCs
in the bone marrow for a subset of responders from cohorts 3A and 3B compar-
ing mobilizers and non-mobilizers.  (C)  Fold change in LSCs in the bone marrow
at cycle 3 comparing patients who relapsed before cycle 7 (C <7) to those who
relapsed after cycle 8 (C >8); patients who were transplanted or off trial are
shown. Each symbol represents a patient, horizontal bar represents the mean,
error bars represent the Standard Error of Mean. 
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