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KEY POINTS

Uproleselan (GMI-1271) is a novel E-selectin antagonist that disrupts cell survival pathways, enhances chemotherapy response, improves survival in mouse xenograft and synge Uproleselan at doses
neic models, and decreases chemotherapy toxicity in vivo. A phase 1/2 study evaluated
ranging from 5 to
20 mg/kg was well
the safety, tolerability, and antileukemic activity of uproleselan (5-20 mg/kg) with MEC
tolerated, with adverse
(mitoxantrone, etoposide, and cytarabine) among patients with relapsed/refractory (R/R)
event proﬁle similar to
acute myeloid leukemia (AML). Among the ﬁrst 19 patients, no dose-limiting toxicities
that of background
chemotherapy.
were observed. The recommended phase 2 dose (RP2D) was 10 mg/kg twice daily. An
additional 47 patients with R/R AML were treated with uproleselan at the RP2D plus
 Median OS at RP2D
MEC. At the RP2D, the remission rate (complete response [CR]/CR with incomplete count
(10 mg/kg) in patients
with R/R or newly
recovery [CRi]) was 41% (CR, 35%), and the median overall survival (OS) was 8.8 months.
diagnosed AML was
In a separate cohort, 25 newly diagnosed patients age 60 years received uproleselan at
8.8 or 12.6 months,
the
RP2D plus cytarabine and idarubicin (7 1 3). In these frontline patients, the CR/CRi
respectively.
rate was 72% (CR, 52%), and the median OS was 12.6 months. The addition of uproleselan
was associated with low rates of oral mucositis. E-selectin ligand expression on leukemic
blasts was higher in patients with relapsed vs primary refractory AML and in newly diagnosed older patients with
high-risk cytogenetics and secondary AML. In the R/R cohort, E-selectin expression >10% was associated with a higher
response rate and improved survival. The addition of uproleselan to chemotherapy was well tolerated, with high
remission rates, low induction mortality, and low rates of mucositis, providing a strong rationale for phase 3 randomized conﬁrmatory studies. This trial was registered at www.clinicaltrials.gov as #NCT02306291.

Introduction
Acute myeloid leukemia (AML) is a heterogeneous hematologic
malignancy of progenitor cell clonal expansion in the peripheral
blood and bone marrow. Despite recent improvements, drug
resistance and subsequent disease progression dominate the
disease course for most patients with AML.1 Patients who are
resistant to treatment or who have a short-lived initial response
have a poor prognosis, with median overall survival (OS) of 3
to 7 months.2-5 In addition, despite recent advances,6 treatment
of newly diagnosed older patients with AML remains a
challenge, with continued poor outcomes resulting from
toxicity from induction chemotherapy and short remission
durations.
E-selectin expression is induced on vascular endothelial cells
and facilitates the extravasation of cells from the bloodstream as
part of the inﬂammatory response.7 E-selectin is constitutively
expressed in the bone marrow vasculature, and E-selectin

ligands are present on the surface of leukemic blasts and
leukemic stem cells (LSCs).8 AML blasts release proinﬂammatory
signals, leading to upregulation of E-selectin on bone marrow
endothelium, resulting in enhanced binding of leukemic
cells. Binding to E-selectin in the marrow microenvironment
sequesters blasts and LSCs in protective niches, inducing a
chemotherapy-resistant state.9 This occurs, in part, through activation of the prosurvival, antiapoptotic NF-kB pathway.9,10
Uproleselan is an E-selectin antagonist that mimics the
E-selectin carbohydrate ligand and inhibits the binding of cells
to E-selectin, disrupting the leukemic cell adhesion in the bone
marrow, thereby abrogating the microenvironment-mediated
protection of AML cells.9 In preclinical studies, uproleselan
mobilized leukemic cells from the protective niches, blocked
NF-kB activation, and enhanced sensitivity to the antileukemic
agent cytarabine.9 In mouse xenograft studies, the addition of
uproleselan to combination treatment with doxorubicin and

blood® 24 FEBRUARY 2022 | VOLUME 139, NUMBER 8

1135

Downloaded from http://ashpublications.org/blood/article-pdf/139/8/1135/1874871/bloodbld2021010721.pdf by Jay Lozier on 24 February 2022

1
Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA; 2UC Davis Comprehensive Cancer Center, Sacramento, CA; 3Department of
Medicine, Hematology/Oncology, University of Rochester School of Medicine and Dentistry, Rochester, NY; 4Department of Hematology/Oncology, University
of Michigan, Ann Arbor, MI; 5Taussig Cancer Institute, Cleveland Clinic, Cleveland, OH; 6Princess Alexandra Hospital, University of Queensland School of Medicine, Brisbane, QLD, Australia; 7GlycoMimetics, Rockville, MD; 8Department of Haematology, National University of Ireland Galway, Galway, Ireland; and 9University of Washington/Fred Hutchinson Cancer Research Center, Seattle, WA

cytarabine enhanced survival.9 Accordingly, a phase 1/2 clinical
study was conducted in which uproleselan was included in
chemotherapy-based induction regimens in patients with
relapsed/refractory (R/R) disease and in frontline therapy for
older adults with AML.

Methods
Study design

Patients provided written informed consent in accordance with
the ethical principles of the Declaration of Helsinki and institutional guidelines at participating sites. The study was conducted
under an investigational new drug application in the United
States and under clinical trial authorizations in Ireland and Australia and was approved by the relevant institutional review
boards or ethics committees. An independent data safety monitoring board provided study oversight, including review of study
progress, safety data, and efﬁcacy data at completion of dose
escalation and every 6 months.

Patient eligibility
Patients enrolled in the R/R AML cohort in both the doseescalation and expansion phases were age $18 years with
evidence of active leukemia as documented by a morphologically detectable bone marrow blast count of $5% and a
peripheral absolute blast count of #20 000/mm3. After evaluation of the ﬁrst 2 dose cohorts, the allowable peripheral
absolute blast count was changed to #40 000/mm3. Patients
were required to either have primary refractory AML after
receiving at least 1, but not .2, prior induction regimens
($1 containing an anthracycline) or be in their ﬁrst or second
relapse. Patients had to have been eligible to receive an
intensive induction regimen including MEC (mitoxantrone,
etoposide, and cytarabine; Figure 1). Two cycles of induction
therapy using a standard anthracycline/cytarabine regimen
(eg, 7 1 3 followed by 5 1 2) were counted as a single
induction. Prior stem cell transplantation was allowed.
Patients were required to have an Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 2, with
adequate baseline renal and hepatic function. Patients with
central nervous system leukemia were ineligible. Antileukemic treatment was prohibited within 14 days of starting study
treatment, except for hydroxyurea and FLT-3 or other
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Newly diagnosed patients were enrolled in a separate cohort
and were age $60 years and regarded as candidates for
intensive chemotherapy by their treating physicians. No
prior treatment of AML was allowed, except for hydroxyurea.
Patients with secondary AML (prior myelodysplastic syndrome,
myeloproliferative neoplasm, or therapy-related disease) could
receive prior therapy for their antecedent hematologic disorder.
Other eligibility criteria for this cohort of patients were the same
as those for the R/R cohort of patients.

Treatment
In all study phases, uproleselan was administered as a 20-minute
IV infusion given 24 hours prior, twice daily throughout, and
twice daily for 48 hours postinduction chemotherapy. The salvage chemotherapy regimen used for patients with R/R disease
was MEC (10 mg/m2 of mitoxantrone per day IV over 15-20
minutes, 100 mg/m2 of etoposide per day IV over 60 minutes,
and 1000 mg/m2 of cytarabine per day IV over 60 minutes for
5 days) for 1 induction cycle. Uproleselan dose levels were
determined by targeting a range of expected exposures, at or
above the pharmacologically active dose range, as demonstrated in preclinical models. Based on available PK data from
nonhuman primate studies and safety data from human volunteer studies, the starting dose for uproleselan administered with
MEC in the dose-escalation phase of the study was 5 mg/kg.
Uproleselan was administered across 3 pharmacologically active
dose levels (5, 10, and 20 mg/kg). Dose escalation was performed in the absence of dose-limiting toxicity (DLT), deﬁned as
myelosuppression (failure of recovery to absolute neutrophil
count [ANC] $0.5 3 109/L and platelet count of $25 3 109/L)
beyond day 42 in the absence of persistent morphologic evidence of leukemia in the marrow or grade 3 nonhematologic
toxicity attributable to uproleselan and not resolving to grade
2 by day 42. The dose-escalation committee determined an
RP2D of 10 mg/kg, deﬁned as the dose that (1) did not cause
DLT in .33% of treated patients during induction and (2) was
the most appropriate dose for continuing clinical evaluation in
AML based on available data (safety, exposure achieved, pharmacodynamic [PD] assessment of on-target effect, clinical activity, and overall toxicity).
The phase 2 dose expansion at the RP2D continued enrolling
patients with R/R AML. Responding patients were eligible to
receive 1 additional cycle of consolidation with uproleselan combined with a 4-day course of MEC. Alternatively, patients underwent hematopoietic stem cell transplantation and/or received
additional postremission therapies at the discretion of their treating physician.
A second cohort of newly diagnosed patients age $60 years
were enrolled between June 2016 and February 2017 and
treated with uproleselan administered at the RP2D in combination with conventional 7 1 3 induction chemotherapy
(200 mg/m2 of cytarabine by a 24-hour continuous daily infusion
on days 1-7 in combination with 12 mg/m2 of idarubicin by IV
bolus daily on days 1-3). Uproleselan was administered on the
same schedule as that used in the R/R AML cohort. For patients
with residual leukemia detected on a day-15 midcycle bone
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This was a multicenter, open-label, phase 1/2 study conducted
at 8 academic hospitals in the United States (6 sites), Ireland
(1 site), and Australia (1 site). The initial dose-escalation phase of
the study enrolled patients with R/R AML to establish the safety,
tolerability, pharmacokinetics (PKs), and recommended phase
2 dose (RP2D) of uproleselan in combination with a conventional
salvage chemotherapeutic regimen. The expansion phase of
the study evaluated the efﬁcacy of uproleselan at the RP2D in
combination with salvage chemotherapy in the same R/R AML
population, as well as in combination with a standard (7 1 3)
frontline AML induction regimen in a separate cohort of older
patients newly diagnosed with AML. The initial dose-escalation
phase was monitored by a dose-escalation committee, which
was composed of the study investigators and the study medical
monitor.

tyrosine kinase inhibitors, which were allowed up to 5 days
before protocol treatment.

Phase 2
Phase 1

Induction & count recovery

Consolidation

Treatment

Treatment
Uproleselan BID
+ Consolidation

Uproleselan
BID

Optional if achieving remission:
Consolidation with cytarabine and
uproleselan for 8 days
Up to 3 cycles

Uproleselan

Uproleselan BID
+ Induction

Uproleselan
single dose

Newly diagnosed AML
Aged ≥60 years
Eligible for 7+3
Induction with 7+3 and
uproleselan for 10 days
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Chemotherapy
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Optional if achieving remission:
Consolidation with MEC and
uproleselan for 7 days
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single dose

Survival follow-up
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Figure 1. Treatment schema of phase 1 and phase 2. BID, twice daily; MEC, combination regimen mitoxantrone, etoposide, cytarabine; RP2D, recommended phase
2 dose; 7 1 3, combination regimen cytarabine/idarubicin.

marrow examination, a second cycle of induction therapy (5 1
2) was allowed in combination with uproleselan at the same
dose and schedule as those used during the initial 7 1 3 induction. The ﬁrst 3 patients were assessed postinduction for DLT;
thereafter, enrollment was opened to complete a 25-patient
cohort. Responders could receive consolidation therapy with
uproleselan plus intermediate-dose cytarabine (2000 mg/m2 per
day over 3 hours for 5 days or 1500 mg/m2 over 3 hours every
12 hours on days 1, 3, and 5) for up to 3 cycles. Patients could
undergo hematopoietic stem cell transplantation at the discretion
of their treating physician.

Safety assessments
The primary end point of the study was the frequency, severity,
and relatedness of treatment-emergent adverse events (TEAEs)
in patients receiving uproleselan in combination with chemotherapy. Safety assessments included the surveillance and recording
of TEAEs, vital sign measurements, clinical laboratory tests,
ECOG performance status, and physical examinations. Grade
and term of TEAEs were reported by the treating physician and
were graded by the Common Terminology Criteria for Adverse
Events (version 4.03).

Clinical response and efficacy assessments
Antileukemic activity was assessed by routine laboratory tests,
bone marrow examinations, and ﬂow cytometry evaluation of
leukemic blasts. Response categorization was based on the
2003 revised recommendations of the International Working
Group for AML.11 Bone marrow examinations were performed
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at baseline (within 21 days of starting treatment) and at the end
of induction therapy at the time of count recovery (deﬁned by
ANC of $1 3 109/L and/or platelet count of $100 3 109/L or
by day 42 in the absence of count recovery). Patients were monitored for leukemia remission, durability of remission, subsequent treatments, transplantation, and survival.

Statistical analysis
Study measures of safety and activity were summarized by
descriptive statistics. The analysis set for all treated patients
included those receiving any amount of uproleselan. Time-toevent analyses were performed using the Kaplan-Meier method,
with 2-sided 90% conﬁdence intervals (CIs).

Results
Patient characteristics
Between 14 May 2015, and 18 May 2017, 91 patients were
enrolled and treated with uproleselan along with chemotherapy
in all phases of the study (supplemental Figure 1). Sixty-six
patients with R/R AML were enrolled, including 19 patients in
the dose-escalation phase and 47 patients in the expansion
phase. Including the 7 patients who received 10 mg/kg of
uproleselan during the dose-escalation phase, a total of 54
patients were treated with the RP2D of uproleselan in combination with MEC. In the newly diagnosed AML cohort, 25 patients
received treatment with 7 1 3 in combination with the RP2D of
uproleselan.
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Response assessment

Relapsed/refractory AML
Aged ≥18 years
Induction with MEC and
uproleselan for 8 days
3 dose levels of uproleselan

Relapsed/refractory AML
Aged ≥18 years
Induction with MEC and
uproleselan for 8 days

Table 1. Baseline demographics and characteristics of patients receiving uproleselan

Characteristic

All doses

10 mg/kg

R/R
(n = 66)

Newly diagnosed patients age ≥60 y
(n = 25)

Sex
Male

41 (62)

14 (56)

Female

25 (38)

11 (44)

Age, y

59.0 (26-84)

67.0 (60-79)

AML type
—

17/22 (77)

—

5/22 (23)

—

44 (67)

—

#6

18 (41)

—

#12

33 (75)

—

1

44 (67)

—

≥2

22 (33)

—

1 induction regimen
≥2 induction regimens
Relapsed
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22 (33)

Primary refractory

Duration of remission, mo

Prior induction regimens, n

Prior hematopoietic stem cell
transplantation

12 (18)

De novo or secondary AML
De novo

51 (77)

Secondary

15 (23)

13 (52)

7 (11)

10 (40)

MDS

12 (48)

Therapy related

1 (2)

1 (4)

Other

7 (11)

2 (8)

7 (11)

3 (12)

ELN risk category
Favorable
Intermediate

11 (17)

7 (28)

Unfavorable

33 (50)

12 (48)

Unknown

15 (23)

3 (12)

1 (2)

1 (4)

Intermediate

24 (36)

16 (64)

Unfavorable

39 (59)

8 (32)

SWOG risk category
Favorable

Unknown

2 (4)

0

Data are presented as n (%), n/N (%), or median (range).
ELN, European LeukemiaNet; MDS, myelodysplastic syndrome; mo, months; SWOG, Southwest Oncology Group.

R/R AML cohort Pretreatment characteristics for all patients
enrolled in the study are shown in Table 1. The median age of
the 66 patients with R/R disease was 59 years (range, 26-84
years). Overall, 33% (22 of 66) of patients entered the study with
primary refractory disease, whereas 67% (44 of 66) were in
relapse after a previous response. Of patients with relapsed AML,
the length of initial remission duration was #12 months in 75%
(33 of 44) and .12 months in 25% (11 of 44). Overall, 67% (44 of
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66) of patients had received 1 prior induction regimen, and 33%
(22 of 66) had received $2 induction regimens. Twelve patients
(18%) had undergone prior hematopoietic stem cell transplantation. A classiﬁcation of unfavorable-risk cytogenetics (per SWOG
criteria) was present in 59% of patients. By ELN criteria, 50% of
patients had adverse-risk disease. There was no signiﬁcant difference in pretreatment variables between the total population of
patients with R/R disease and patients treated at the RP2D.

DeANGELO et al

Table 2. Incidence (≥10%) of grade 3 or 4 TEAEs and TEAEs related to uproleselan
Patients, n (%)
TEAE

All TEAEs

TEAEs related to uproleselan

Febrile neutropenia

39 (59)

11 (17)

Thrombocytopenia

23 (35)

7 (11)

Anemia

17 (26)

5 (8)

Platelet count decreased

12 (18)

4 (6)

Neutropenia

11 (17)

3 (5)

Sepsis

8 (12)

3 (5)

WBC count decreased

7 (11)

1 (2)

Hypophosphatemia

6 (9)

1 (2)

Neutrophil count decreased

4 (6)

1 (2)

Pneumonia

3 (5)

0

R/R AML treated with MEC
(n = 66)

Febrile neutropenia

22 (88)

3 (12)

Anemia

6 (24)

2 (8)

Platelet count decreased

6 (24)

0

Thrombocytopenia

6 (24)

3 (12)

WBC count decreased

5 (20)

1 (4)

Hypokalemia

4 (16)

0

Neutrophil count decreased

4 (16)

0

Pneumonia

4 (16)

2 (8)

Respiratory failure

4 (16)

0

Hypophosphatemia

3 (12)

1 (4)

Neutropenia

3 (12)

1 (4)

Pancytopenia

3 (12)

0

Pulmonary edema

3 (12)

1 (4)

Sepsis

2 (8)

0

MEC, mitoxantrone, etoposide, cytarabine; TEAE, Treatment emergent adverse events; WBC, white blood cell.

Newly diagnosed cohort The median age of patients with
newly diagnosed AML was 67 years (range, 60-79 years). Thirteen (52%) of the 25 newly diagnosed patients had secondary
AML at study entry. Seven (28%) of the 25 patients had been
treated with hypomethylating agents (HMAs) before progression
to AML. A classiﬁcation of unfavorable cytogenetic risk (per
SWOG criteria) was present in 8 (32%) and intermediate risk in
16 (64%) of the 25 newly diagnosed patients. By ELN risk criteria, 48% were in the adverse-risk category, and 28% were intermediate risk.

Safety and tolerability

level in phase 1; therefore, DLT did not inﬂuence dose-level
selection for phase 2. PD analysis demonstrated on-target activity as measured by reduction in shed soluble E-selectin in the
plasma at all 3 dose levels. Furthermore, no dose response was
observed, suggesting that all 3 dose levels assessed may have
exceeded a plateau level for PD effect. Clinical outcomes (bone
marrow response to uproleselan with MEC-induction chemotherapy) were similar across the dose levels. Based on the PK analysis in the phase 1 portion of this study, 10 mg/kg of uproleselan
provided the highest levels of exposure that did not exceed the
14-day nonclinical safety limits, and this dose was selected for
further testing in the phase 2 portion of the study.

Dose-escalation cohort Nineteen patients in the dose-escalation phase were enrolled in 3 separate uproleselan dose-level
groups of 5 (n 5 6), 10 (n 5 7), and 20 mg/kg (n 5 6). Uproleselan at 10 mg/kg twice daily was established as the RP2D and
was used as the dose for combination therapy with MEC in the
dose-expansion phase and with idarubicin and cytarabine in the
newly diagnosed cohort. No DLTs were observed at any dose

R/R AML cohort For the entire cohort of patients with R/R
AML, the incidence of TEAEs, regardless of relationship to study
drug, was similar across all uproleselan dose levels (supplemental Table 1). None of the 66 patients with R/R AML discontinued
treatment because of an AE. As expected in patients with AML,
all patients in this R/R cohort had evidence of grade 4
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Newly diagnosed AML treated with 7 1 3
(n = 25)

Newly diagnosed cohort In the newly diagnosed cohort, the
toxicities observed were exclusively related to the effects of
underlying leukemia and the chemotherapy backbone (Table 2).
As in patients with R/R disease, grade 4 myelosuppression was
common. The median time to count recovery for neutrophils
and platelets in responding patients was 32.0 days (90% CI,
28.0-32.0). Grade 3 or 4 nonhematologic TEAEs in this cohort
occurring at a rate $10% included pneumonia (16%), hypokalemia (16%), respiratory failure (16%), pulmonary edema (12%),
and hypophosphatemia (12%; supplemental Table 2 provides a
summary of grade 3 or 4 TEAEs by dose). The 30- and 60-day
all-cause mortality rates were 8% and 12%, respectively. An
overview of TEAEs for patients in the newly diagnosed cohort is
provided in supplemental Table 1.

Clinical response and survival
R/R cohort Clinical outcomes are shown in Table 3. At the
RP2D (n 5 54), the CR/CRi rate was 41%, with most responses
being CRs (35%). CR/CRi rates of 29% and 46% were observed
in patients with primary refractory and relapsed disease, respectively. A CR/CRi rate of 52% was seen in patients with relapsed
disease with 1 prior induction regimen, and the CR/CRi rate
was 36% for patients treated with $2 prior regimens. Response
rates by duration of initial response and cytogenetic risk are
shown in Table 3. Among relapsed patients, a CR/CRi rate
of 28% (7 of 25) was observed for patients with an initial CR
duration of ,12 months, compared with an 83% (10 of 12)
response rate for patients with an initial CR duration of $12
months. Overall, 51% (34 of 66) of patients were previously
treated with high doses of cytarabine ($1 g/m2 dosing), either
as a prior induction and/or as postremission therapy; the CR/CRi
rate in these patients was 47%, similar to that in the entire R/
R cohort.
Measurable residual disease (MRD), as assessed by multiparametric ﬂow cytometry, was only evaluable for 16 patients in the
R/R cohort. Of these, 11 patients (69%) were MRD2 at the end
of induction. After treatment with MEC plus the RP2D of uproleselan, 31% of patients (17 of 54) underwent allogeneic hematopoietic stem cell transplantation. Of the 22 patients achieving
CR/CRi, 11 (50%) underwent transplantation.
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The median follow-up for patients on study was 9.7 months. For
patients treated at the RP2D of uproleselan at 10 mg/kg, the
median OS was 8.8 months (95% CI, 5.7-11.4; Figure 2A), and
at 1 year, the probability of survival was 37.0%. The median
event-free survival was 1.5 months (95% CI, 1.3-2.8; Figure 2B).
The median duration of remission was 9.5 months (95% CI, 3.3
to not applicable; supplemental Figure 2A). For patients with
relapsed disease with initial complete remission duration of ,6
vs $6 months and ,12 vs $12 months, duration of remission
was not reached vs 13.8 months and 13.8 vs 16.4 months,
respectively (supplemental Figures 4B and 3C). OS outcomes by
duration of initial response (,12 vs $12 months and
,6 vs $6 months), age, and ELN risk are shown in Figure 3A
and supplemental Figures 4A, 3A, and 3B, respectively. Among
patients who underwent transplantation after uproleselan at
10 mg/kg plus MEC, the median OS was not reached, and for
those who did not undergo transplantation after uproleselan at
10 mg/kg plus MEC, the median survival was 5.8 months (Figure
3B). For patients previously exposed to high-dose cytarabine,
the median survival was 9.2 months.
Newly diagnosed cohort Clinical responses are summarized
in Table 3. A CR/CRi was achieved by 18 (72%), with a majority
(13 of 18) being CRs. Eleven (61%) of 18 responders achieved a
CR/CRi with 1 cycle of induction. MRD analysis was evaluable
for 9 of the responding patients, with 5 (56%) achieving an
MRD2 state at the end of induction. Nine (69%) of the newly
diagnosed patients with secondary AML (n 5 13) achieved a
CR/CRi. Of 7 patients who had been previously treated with
HMAs before the diagnosis of AML, 4 achieved a CR/CRi.
Eleven patients (61%) achieving a CR/CRi underwent subsequent allogeneic transplantation after induction therapy with
uproleselan and 7 1 3.
Among the 25 newly diagnosed patients who received uproleselan at 10 mg/kg in combination with 7 1 3, the median OS rate
was 12.6 months (95% CI, 9.9 to not applicable; Figure 2C). At
12 months, the probability of survival was 52.0%. The event-free
survival was 9.2 months (95% CI, 3-12.6; Figure 2D). The median
duration of remission was 10.5 months (95% CI, 7.1 to not applicable; supplemental Figure 2B).

E-selectin ligand expression and impact on
clinical outcome
E-selectin ligand expression on leukemic blasts and LSCs was
available in 31 of 66 patients with R/R disease and 20 of 25
newly diagnosed patients. Expression of E-selectin ligand on
LSCs was highly correlated with expression on leukemic blasts
(supplemental Figure 5A). All evaluable patients had detectable
levels of E-selectin ligand with expression in blasts and LSCs
ranging from 0.41% to 96%.
Of the 31 patient samples analyzed in the R/R cohort, 21 (67%)
had detectable E-selectin ligand in $10% of blasts (high
expressing), and 10 (32%) had levels ,10% (low expressing;
Figure 4). Expression levels $10% were more commonly
detected in patients with relapsed disease (66%) and were less
frequent in those with primary resistant disease. Adverse cytogenetics were more frequently observed in high-expressing
patients (67% compared with 30% in low-expressing patients).
CR/CRi rates for those with R/R AML were 38% (8 of 21) in
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myelosuppression (thrombocytopenia, neutropenia, or anemia)
during the study. For patients achieving a response (complete
response [CR] or CR with incomplete count recovery [CRi]), the
median time to count recovery (ANC $500/mL and platelets
$50/mL) was 33.0 days (90% CI, 31.0-34.0). Table 2 shows the
overall incidence of grade 3 or 4 TEAEs. Most of the TEAEs
observed were typical of the background chemotherapy, with
few TEAEs attributed to uproleselan (supplemental Table 2 provides an overview of TEAEs by dose). Apart from hematologic
toxicities, the only grade 3 or 4 TEAEs reported for $10% of
patients was sepsis (12% of patients). Gastrointestinal toxicities,
including nausea, vomiting, diarrhea, and colitis, were mild, with
grade 3 events occurring in ,5% of patients. Hepatic and renal
TEAEs were mostly grade 1 or 2, with grade 3 or 4 observed in
5% and 5% of patients, respectively. One patient (2%) died
within 30 days of initiation of therapy; the 60-day mortality rate
was 9% (n 5 6). Grade 3 mucositis was reported in only 2% of
patients. Other nonhematologic TEAEs were mild and generally
judged to be unrelated to uproleselan.

Table 3. Response rate summary for patients with R/R AML or newly diagnosed AML receiving uproleselan in
combination with chemotherapy
Patients, n/N (%)

Outcome
ORR (CR/CRi)
Primary refractory
1 induction regimen
≥2 induction regimens
Relapsed
≥2 induction regimens

R/Ruproleselan at 10 mg/kg
(n = 54)

Newly diagnosed patients
age ≥60 y
(n = 25)

26 (39)

22 (41)

8/22 (36)

5/17 (29)

18 (72)
—

6/17 (35)

4/13 (31)

—

2/5 (40)

1/4 (25)

—

18/44 (41)

17/37 (46)

—

12/27 (44)

12/23 (52)

—

6/17 (35)

5/14 (36)

—

Duration of remission, mo
,6

4/22 (18)

4/18 (22)

—

≥6

14/22 (64)

13/19 (78)

—

,12

8/32 (25)

7/25 (28)

—

≥12

10/12 (83)

10/12 (83)

—

5/12 (42)

5/9 (56)

Prior HSCT

—

De novo (n = 12)

—

—

9 (75)

Secondary (n = 13)

—

—

9 (69)

CR

22 (33)

19 (35)

13 (52)

CR/CRi/MLFS/PR

32 (48)

27 (50)

20 (80)

MRD*
Positive

(n = 16)

(n = 13)

(n = 9)

5 (31)

4 (31)

4 (44)

11 (69)

9 (69)

5 (56)

18 (27)

17 (31)

13 (52)

30

1 (2)

1 (2)

2 (8)

60

6 (9)

5 (9)

3 (12)

Negative†
Proceeded to HSCT
All-cause mortality, d

CR, complete response; CRi, complete response with incomplete blood count recovery; d, days; HSCT, hematopoietic stem cell transplantation; MLFS, morphologic leukemia-free
state; ORR, overall response rate; PR, partial response.
*Evaluable patients.
†MRD2 bone marrow deﬁned as #1023 leukemic cells at end of induction by local assessment using multicolor ﬂow cytometry, reverse transcription polymerase chain reaction, or
next-generation sequencing.

high-expressing patients compared with 20% (2 of 10) in lowexpressing patients. Of the 8 high-expressing patients achieving a CR/CRi, 6 underwent evaluation for MRD postinduction,
with 67% (4 of 6) being MRD2. The median OS was 10.7
months in high-expressing patients compared with 5.2 months
in low-expressing patients (Figure 2E).
In samples from newly diagnosed patients, an E-selectin ligand
expression of $10% of blasts was seen in 15 (75%) of 20 and
,10% in 5 (25%) of 20 patients. Expression of E-selectin ligand
on LSCs was also highly correlated with expression of leukemic
blasts in newly diagnosed patients (supplemental Figure 5B).
High-expressing patients were more likely to have secondary
AML (73% [11 of 15]) and adverse cytogenetics (40% [6 of 15])
compared with low-expressing patients (40% [2 of 5] and 20%
[1 of 5], respectively). The CR/CRi rate was 100% (5 of 5) in lowexpressing patients and 67% (10 of 15) in high-expressing
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patients. The median OS was similar across all levels of
E-selectin ligand expression in newly diagnosed patients.

Discussion
Survival rates for patients with R/R AML and older patients with
newly diagnosed disease remain poor, primarily because of failure to eradicate LSCs.12 Emerging data have demonstrated that
the bone marrow microenvironment contributes substantially to
mechanisms of drug resistance in AML.13,14 Bone marrow endothelial cell expression of E-selectin, resulting in binding to leukemic blasts, correlates with chemotherapy resistance.9 In this
phase 1/2 trial, the E-selectin antagonist uproleselan added to
both an intensive chemotherapy-based salvage regimen and a
standard intensive frontline regimen was safe, well tolerated,
and active.
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Figure 2. OS and event-free survival with uproleselan at 10 mg/kg in combination with chemotherapy in patients with AML. OS (A) and event-free survival
(B) among those with R/R disease; OS (C) and (D) event-free survival among those age $60 years with newly diagnosed disease; and OS (E) among patients with R/R
disease according to E-selectin ligand expression $10% and ,10%. AML, acute myeloid leukemia; NA, not applicable; RP2D, recommended phase 2 dose.
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Figure 3. OS among patients with AML with relapsed disease by initial CR duration and transplantation status after uproleselan in combination with chemotherapy. Patients with an initial CR duration of ,12 months or $12 months (A), and patients who underwent transplantation after uproleselan at 10 mg/kg plus MEC
and those who did not undergo transplantation after treatment (B). MEC, mitoxantrone/etoposide/cytarabine; NA, not applicable; RP2D, recommended phase 2 dose.

Although uproleselan as a single agent has not been evaluated
in patients with AML, nonclinical data from nonhuman primates
and a study in healthy human volunteers demonstrated no signiﬁcant organ toxicities (unpublished data). The MEC regimen
has been well studied in the R/R AML population and is associated with a notable, albeit manageable, toxicity proﬁle that
includes myelosuppression and gastrointestinal (eg, mucositis
and diarrhea) AEs.15-17 In this trial, the combination of uproleselan with MEC did not seem to delay count recovery or increase
the incidence of serious AEs that would have been expected
with MEC alone,18 and importantly, early mortality rates and
severe comorbidities (eg, bacteremia and pneumonia) were not
increased over those reported in this population when MEC is
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used alone. Similarly, the addition of uproleselan to the standard
7 1 3 regimen did not result in the increased toxicities that have
been reported with 7 1 3 alone.19,20
Of interest, the rate of severe mucositis occurring with uproleselan (grade 3 in just 2% of patients) was substantially lower than
those historically reported with MEC.3 In addition to expression
on bone marrow endothelium, E-selectin expression is increased
at sites of inﬂammation, resulting in tethering, rolling, and
extravasation of leukocytes, monocytes, macrophages, and neutrophils into inﬂamed tissue associated with chemotherapy toxicity.21 Thus, blockade of E-selectin outside the marrow may be
associated with reduced inﬂammation. The observed low rate of
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Figure 4. E-selectin ligand (E-sel-L) expression as proportion of blast population according to whether patient had R/R AML disease. AML, acute myeloid leukemia; E-sel-L, E-selectin ligand.

severe mucositis in patients treated with MEC plus uproleselan
suggests an additional beneﬁcial effect of the on-target, offleukemia effects of uproleselan.
Several investigational agents across multiple clinical trials have
failed to improve outcomes for patients with R/R AML.4,5 The
observed 41% CR/CRi rate (a majority being CRs) and median
survival rate of 8.8 months compare favorably with previously
reported response rates in the 15% to 20% range and median
OS rates of approximately 4 to 6 months.22,23
Although only a small number of patients with an initial CR duration ,6 months were treated, the response rates and median
survival in this subgroup of patients were relatively low. Therefore, the beneﬁt of the addition of uproleselan in this highly
chemotherapy-resistant subpopulation of R/R AML remains
unclear.
In this relatively small sample size of frontline patients, we
noted several promising observations. Patients with AML that
evolved from a prior hematologic disorder and who received
prior treatment with an HMA are highly resistant to currently
available induction chemotherapy regimens.24-26 Older patients
who are eligible for intensive chemotherapy, a majority of
whom have adverse-risk features, showed a high response rate
with treatment with uproleselan plus 7 1 3 chemotherapy compared with 7 1 3 chemotherapy alone.27 This higher response
rate was also seen in patients with secondary AML who had
received prior therapy with HMAs. Preclinical data have demonstrated an upregulation of E-selectin ligand in cells preexposed to HMAs, suggesting a potential unique effect of
uproleselan in this population.28 The ability of patients newly
diagnosed with AML with high-risk features to undergo transplantation after initial response to therapy is highly desirable.
In this study of patients age .60 years, an impressive 61%
who achieved a CR/CRi underwent subsequent transplantation;
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the rate of transplantation in this study compares favorably to
transplantation rates analyzed in recent reports.20
The distribution and clinical outcomes of patients with E-selectin
ligand expression are of interest. Higher E-selectin expression
was detected in patients with relapsed vs primary refractory disease and in patients with high-risk features (eg, secondary AML
and adverse cytogenetics), both groups that are expected to
have an enriched population of LSCs.29 A high expression of
transferases (ST3Gal4 and FUT7) that allow surface glycoproteins
on leukemic blasts and LSCs to bind to E-selectin correlates with
a high relapse rate and shorter survival in children with AML
who are treated with induction chemotherapy.30 Furthermore,
cellular adhesion–mediated drug resistance, driven in part by
E-selectin/E-selectin ligand and CXCR4/CXCL12 interactions
between LSCs and stromal/endothelial cells in the osteoblastic
and vascular bone marrow niches, has been hypothesized to be
a crucial component allowing LSCs to survive cytotoxic therapies.31,32 Although the data set was relatively small in this R/R
AML cohort, the median survival rate of 10.7 months in patients
with expression levels $10% represents a major improvement
over historical control data. Similarly, the 67% response rate in
patients with newly diagnosed AML with expression levels
$10% is noteworthy, given the high incidence of secondary
AML and adverse cytogenetics in these patients. Taken
together, these data suggest that E-selectin ligand expression
contributes to chemotherapy resistance, which may be overcome with uproleselan and could be an important predictor of
response and survival.
In summary, the results from this phase 1/2 clinical trial support
the biologic and clinical rationales for targeting E-selectin and
support the need for a conﬁrmatory randomized controlled
trial to further evaluate the beneﬁts of adding uproleselan to salvage chemotherapy regimens in patients with R/R disease and
anthracycline-based treatments in older patients with AML. Randomized trials are ongoing in both populations.
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