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Abstract
Background: There is an unmet need for antithrombotic treatments for venous 
thromboembolic disease that do not increase bleeding risk. Selectins are cell adhesion 
molecules that augment thrombosis by activating immune cells to initiate the coagu-
lation cascade. GMI-1271, a potent small-molecule E-selectin antagonist, has been 
shown in mouse models to decrease thrombus burden with a low risk of bleeding.
Methods: A first-in-human study of GMI-1271 was conducted to assess its safety, toler-
ability, and pharmacokinetic (PK) profile. As a secondary end point, biomarkers of coagula-
tion, cell adhesion, and leukocyte/platelet activation were evaluated. Aims 1 and 2 were 
performed in healthy volunteers and evaluated single and multiple doses of the study drug, 
respectively. Aim 3 included 2 patients with isolated calf-level deep vein thrombosis (DVT).
Results: GMI-1271 showed consistent PK parameters for doses ranging from 2 to 
40  mg/kg. Plasma levels increased in a linear manner with respect to dose, while 
clearance, volume of distribution, and half-life were not dose dependent. No accumu-
lation was seen with multiple consecutive doses. No serious adverse events (grade 3 
or 4) were reported. Biomarker analysis demonstrated a trend in reduction of solu-
ble E-selectin (sEsel) levels with GMI-1271 exposure, while exposure did not impact 
laboratory testing of coagulation. Two patients with calf vein DVT were treated with 
GMI-1271 and demonstrated rapid improvement of symptoms after 48 hours, with 
repeat ultrasound showing signs of clot resolution.
Conclusions: We demonstrate that GMI-1271 is safe in healthy volunteers and pro-
vide proof of concept that an E-selectin antagonist is a potential therapeutic ap-
proach to treat venous thrombosis.
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Essentials
•	 There is a current unmet need for antithrombotic treatment that does not increase bleeding potential.
•	 Selectins, such as E-selectin, are shown to augment thrombosis by interacting with immune cells.
•	 As a first-in-human proof-of-concept study, E-selectin inhibition with GMI-1271 is safe in healthy volunteers and appears safe and effec-

tive for treatment of acute calf DVT in 2 patients.
•	 GMI-1271 showed consistent pharmacokinetic parameters without impacting key clinical measures of bleeding risk.
•	 Future trials using selectin inhibition as a therapeutic option for venous thromboembolism are warranted.

1  | INTRODUCTION

Over 200  000 new cases of venous thromboembolism (VTE) occur 
each year in the United States, which negatively impacts survival.1,2 
Treatment and prophylaxis of VTE commonly includes the use of 
low-molecular-weight heparin (LMWH) and direct oral anticoagulants 
(DOACs).3 All currently approved VTE treatment agents and several 
in development carry the risk of significant bleeding complications, as 
they all target various aspects of the coagulation cascade. When treat-
ing venous thrombosis, the incidence of major bleeding at 3 months 
using unfractionated heparin or enoxaparin is approximately 4.3% and 
2.9%, respectively.4 The rate of major bleeding using warfarin for the 
treatment of VTE is also approximately 2% during the initial 3 months 
of anticoagulation.5 Apixaban and rivaroxaban (commonly used DOACs 
in the United States for the treatment of VTE) have a 3-month major 
bleeding incidence of approximately 0.5%6 and 0.8% (during treatment 
follow-up period),7 respectively. There is an unmet need for antithrom-
botic treatment that does not increase bleeding potential. We propose 
that one such potential therapeutic target is E-selectin inhibition.

In recent years, the interrelation between inflammation and throm-
bosis has been further delineated.8 Activated venous endothelium 
generates signals that lead to leukocyte movement, adhesion, and activa-
tion. Leukocytes activate platelets and amplify thrombosis through the 
formation of neutrophil extracellular traps, interactions with red blood 
cells, and other procoagulant molecules.9 E-selectin is a glycoprotein ex-
pressed on activated endothelium that facilitates thrombosis, directly 
modulating neutrophil and monocyte activity. Furthermore, E-selectin 
has been identified as an important regulator of thrombus formation and 
fibrin content in a mouse venous thrombosis model.10,11 Previous stud-
ies from our laboratory have shown that P/E-selectin double-knockout 
mice had less thrombus burden and less inflammation when thrombosis 
was induced,10 and E-selectin knockout mice had decreased fibrin con-
tent of the thrombus and less vein wall inflammation and fibrosis.12,13

GMI-1271 (GlycoMimetics, Inc, Gaithersburg, MD, USA) is a po-
tent small-molecule E-selectin antagonist. Preclinical mouse studies 
showed that inhibition of E-selectin with GMI-1271 significantly de-
creased venous thrombus weight and promoted vein recanalization 
with a lower risk of bleeding when compared to LMWH.14,15

Here, we report the results from 2 clinical studies of GMI-1271 that 
assessed its safety, tolerability, and pharmacokinetics. As a secondary 
end point, we also evaluated biomarkers of coagulation, cell adhesion, and 
leukocyte/platelet activation. The first was a phase 1 study performed 
in healthy volunteers, and the second was a phase 1/2 proof-of-concept 

study to evaluate GMI-1271’s therapeutic impact on deep vein throm-
bosis (DVT). Given the current clinical equipoise regarding the need for 
therapeutic anticoagulation vs. observation with serial imaging in patients 
with calf-level DVT,16,17 patients with acute calf DVT were chosen as the 
study population to evaluate proof of principle of GMI-1271’s therapeutic 
impact on DVT.

2  | METHODS

These studies were single-center, first-in-human investigations with 
3 aims. Aims 1 and 2 were performed as part of the clinical trial en-
titled “A Randomized, Placebo Controlled Phase I Study to Assess 
the Safety and Pharmacokinetics of GMI-1271 in Healthy Adult 
Subjects,” and Aim 3 was conducted as part of “A Randomized Phase 
I/II Study to Assess the Safety, Tolerability, and Efficacy of GMI-
1271 in Patients With Calf-Level Deep-Venous Thrombosis (DVT)” 
(NCT02168595 and NCT02744833, respectively).

Aim 1 was a single-ascending-dose study of GMI-1271 in healthy 
subjects; Aim 2 was a multiple-ascending-dose study in healthy sub-
jects; and Aim 3 evaluated GMI 1271 in multiple consecutive doses 
in patients with acute calf-level DVT, in which we also sought to 
evaluate the effects of GMI-1271 on thrombus resolution or stabili-
zation as measured by serial Doppler ultrasound.

2.1 | Patient eligibility

2.1.1 | Aims 1 and 2

Eligible subjects were healthy male or female volunteers, 18 to 
75 years old, body mass index (BMI) between 18 and 35 kg/m2, and 
no evidence of lower extremity DVT on baseline ultrasound. See 
Appendix S1 for additional inclusion and exclusion criteria.

2.1.2 | Aim 3

Eligible patients were adults, 18 to 75 years old, with acute isolated calf 
vein thrombosis with or without calf muscular vein thrombosis. Patients 
were consented with intent to treat within 78 hours of DVT diagnosis 
and prior to anticoagulation. Patients on systemic anticoagulation were 
excluded. See Appendix S1 for additional inclusion and exclusion criteria.
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All subjects signed an approved institutional review board (num-
ber for Aims 1 and 2, HUM00085767; Aim 3, HUM00112438) writ-
ten informed consent prior to undergoing study-related procedures. 
The GMI-1271 and saline placebo treatment assignments were 
blinded as appropriate as per clinical protocol and analyzed by the 
principal investigators, coinvestigators, and GlycoMimetics Inc. All 
authors had access to the primary clinical trial data.

2.2 | Study design and treatments

The predicted therapeutic range of GMI-1271 was from 2 to 40 mg/kg, 
and dosing was chosen based on preclinical models and study results. 
Aim 1 subjects were enrolled in cohorts of 6 randomized 4:1:1 to receive 
GMI-1271, normal saline (placebo), or enoxaparin, respectively. The as-
cending dose of GMI-1271 for each cohort was 2, 5, 20, and 40 mg/
kg intravenously (i.v.). In Aim 1, enoxaparin dosing for each cohort was 
1 mg/kg subcutaneous (s.c.) injection. Aim 2 subjects were enrolled in 
cohorts of 4 randomized 3:1 to receive 5 consecutive days of either 
GMI-1271 or enoxaparin, respectively. In Aim 2, dose of GMI-1271 was 
10 mg/kg or 20 mg/kg i.v. on days 1 through 5. Enoxaparin dosing was  
1 mg/kg s.c. on days 1 through 5. Aim 1 and 2 subjects were followed  
for 14 days following drug administration. Dose-limiting toxicities were 
defined as any grade 3 or higher adverse event related to GMI-1271 or 
if 2 subjects in a cohort had any grade 2 toxicity reported as related 
to GMI-1271. If no more than 1 serious adverse event (SAE) was seen, 
then the dose of GMI-1271 was escalated after formal data review. The 
descriptions and grading scales can be found in the National Cancer 
Institute Common Terminology Criteria for Adverse Events version 4.03.

After review of safety data after each dose level from Aims 1 
and 2, Aim 3 patients were randomized to receive either GMI-1271 
20 mg/kg i.v. daily × 5 days or enoxaparin 1.5 mg/kg/ s.c. daily × 
5 days. Aim 3 compared GMI-1271 with a standard therapeutic dose 
of enoxaparin, since patients had an acute thrombus. Patients were 
followed for 14  days following completion of drug administration. 
Repeat ultrasound was performed on days 8 and 19 to evaluate for 
thrombus resolution, stabilization, or propagation as per clinical 
guidelines (ultrasound examinations after weeks 1 and 2, or sooner 
if there is clinical concern).17 Maximum calf circumference was mea-
sured on treatment and follow-up visits and if the circumference in-
creased by 2 cm and/or the patient had worsening symptoms, then a 
same-day Doppler ultrasound was performed.

For Aims 1, 2, and 3, randomizations were performed by the 
University of Michigan biostatistician and provided to the University 
of Michigan Investigation Drug Service. All investigators and study 
personnel were blinded to the assignment of patients enrolled in the 
GMI-1271 and placebo groups.

2.3 | Pharmacokinetic studies

Blood samples were obtained for PK analysis at the following time 
points:

Aim 1: prior to drug administration and at 10, 20, 25, 40, and 
60 minutes and 1.5, 2, 3, 4, 5, 6, 8, 24, and 48 hours after drug ad-
ministration. Aim 2: prior to drug administration on days 1 through 5, 
then at 10, 20, 45, and 60 minutes, 1.5, 2, 4, 6, and 8 hours after drug 
administration on days 1 and 5. Aim 3: No PK studies were drawn. 
Plasma concentrations of GMI-1271 were measured using a vali-
dated liquid chromatography–tandem mass spectrometry method 
by Pyxant Laboratories (Colorado Springs, CO). All PK studies were 
performed by GlycoMimetics, Inc. Urine samples were obtained for 
PK analysis during Aims 1 and 2 and collected prior to drug adminis-
tration and through 8 hours after drug administration on day 1.

2.4 | Biomarker studies

To evaluate the biologic target of inhibiting cell adhesion and leuko-
cyte activation, several biomarkers were analyzed. Whole blood was 
drawn and centrifuged based on company protocols. Plasma was drawn 
off, aliquoted, snap frozen, and stored at −80°C. One tube stored for 
ELISAs, one saved as backup, and one was sent to GlycoMimetics, 
Inc for PK analysis. Biomarkers analyzed by ELISA for protein deter-
mination included C-reactive protein (CRP; US Biological, Salem, MA, 
USA); D-dimer (Hyphen Biomed Neuville-Sur-oise, France); thrombin-
antithrombin complex (Abcam, Cambridge, MA); soluble E-selectin 
(sEsel) and myeloperoxidase (MPO; Ebiosciences, now Thermo Fisher 
Scientific, Waltham, MA, USA); von Willebrand factor (VWF; Corgenix, 
Broomfield, CO, USA); prothrombin fragment F1.2 and soluble CD40 
ligand (My Biosource, San Diego, CA, USA); and interleukin-10, solu-
ble ICAM-1, soluble tissue factor, tumor necrosis factor-α (TNFα), and 
soluble P-selectin (sPsel; RndSystems, Minneapolis, MN). ELISA assays 
were performed using centrifuged citrated blood according to protocol. 
Circulating DNA is a whole blood assay performed on citrated blood 
collection run through a QIAmp spin column (Qiagen, German Town, 
MA, USA). The QIAmp column was used specifically to extract DNA 
from whole blood to allow for quantification without other interfering 
proteins or molecules. DNA was stained with a dye from the Quant iT 
Picogreen kit (Invitrogen, now Thermo Fisher Scientific, Waltham, MA, 
USA) and compared to dsDNA standard to determine concentration. 
Flow cytometry was used for phorbol 12-myristate 13-acetate (PMA), 
macrophage-1 (MAC-1), lymphocyte function–associated antigen 1 
(LFA-1), and CD44. Flow cytometry assays were performed on forma-
lin fixed whole blood drawn in sodium citrate tubes. To the split whole 
blood tubes, single antibodies were added for PMAs, MAC-1, LFA, and 
CD44 (BD Biosciences, San Jose, CA, USA) for staining and samples 
were fixed with BD FACS Lysis solution containing formalin. Fixed 
blood was stored at 4°C and run on a flow cytometer (MoFlo Astrios 
Sorter, Beckman Coulter Life Sciences, Brea, CA, USA) within 2 day of 
collection as per the manufacture protocol and to allow flexibility in the 
coordination and timing of patient sample collection.

Coagulation studies included prothrombin time (PT), international 
normalized ratio (INR), activated partial thromboplastin time (APTT), 
bleeding time, and thromboelastography (TEG), as there are some data 
supporting that TEG parameters predict bleeding.18 Bleeding time was 
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performed at bedside by 1 of 2 trained research assistants. A Surgicutt 
device was used to make a uniform incision in the forearm while the 
arm was in a cuff inflated to 40 mm Hg. Time to bleeding cessation 
was measured in seconds. TEG was performed on citrated whole 
blood; 1 mL of citrated whole blood was mixed with kaolin and CaCl2, 
then loaded into the TEG 5000 machine (Haemonetics Corporation, 
Braintree, MA, USA). Within 90 minutes, a graph was generated from 
the formation of clot in the sample. Parameters measured included re-
action time, clot formation time, angle of fibrin buildup, lysis of clot, and 
maximum amplitude. TEG testing was run within 1 hour of collection.

In Aim 1, biomarker values were measured at baseline, 8 and 
24 hours after dosing. In Aim 2, biomarkers were measured at base-
line and day 4. In the patients with calf vein thrombosis (Aim 3), bio-
markers were drawn before dosing, 1 hour after dosing, and on day 4.

2.5 | Venous Doppler studies

In Aims 1 and 2, color compression duplex ultrasounds were performed 
at baseline to ensure no DVT was present. In Aim 3, a color compression 
duplex ultrasound was performed as standard of care. To rule out symp-
tomatic DVT progression, maximum calf circumference was measured 
on treatment and follow-up visits, and if the circumference increased by 
2 cm and/or the patient had worsening symptoms, then a same-day com-
pression ultrasound was performed by a trained sonographer. Repeat 
ultrasound was performed on days 8 and 19 as per clinical guidelines, 
which recommend follow-up ultrasound examinations after week 1 or 
2, or sooner if there is clinical concern. Ultrasound examinations were 
performed by the University of Michigan Diagnostic Vascular Unit by a 
trained technician in a blinded fashion assessing all venous segments of 
the lower extremity including the calf bilaterally. Thrombosis was deter-
mined by both venous compressibility, flow patterns, and echogenicity. 
All examinations were reviewed by the principal investigators.

2.6 | Statistical methods

In Aim 1, a total of 24 subjects were accrued to the study with the initial 
sample size ranging from 11 to 44 subjects depending on tolerance or 
SAEs. Similarly, in Aim 2, a total of 8 subjects were accrued to the study. 
This sample size was chosen to provide typical numbers of subjects for 
phase 1 studies evaluating safety and PK in a single ascending dose and 

to provide small numbers to compare the drug to placebo and an active 
control. The sample size was not based on statistical power consideration.

The primary end points of the study were safety and tolerability. 
Descriptive statistics were calculated for quantitative safety data as 
well as change from baseline, when appropriate. Frequency counts 
were compiled for classification of qualitative safety data. Biomarker 
analysis was evaluated for trends at the collected time points and com-
pared using unpaired nonparametric Mann-Whitney test and Kruskal-
Wallis test by ranks for comparing ≥2 independent samples of equal or 
different sample sizes. For Aim 1, doses of GMI-1271 were combined 
together for statistical analysis (“Aim 1 Pooled GMI-1271 Cohorts”). 
Data for Appendix S1, Tables B, C, and D, had the mean, standard de-
viation, median, and IQRs reported from the set of observed numer-
ical data. For Aim 2, enoxaparin values listed represent mean values 
of subjects treated in both cohorts. Multiple comparison analysis of 
biomarker data to decrease the false discovery rate and type 1 errors 
were performed using the Benjamini and Hochberg procedure. For Aim 
2, enoxaparin values listed represent mean values of subjects treated 
in both cohorts. Statistical consultation was provided by the Center 
for Statistical Consultation and Research, University of Michigan. 
The statistical program used for the data in this study was GraphPad 
Prism 8.1.2 (GraphPad Software, Inc, La Jolla, CA, USA), with unpaired 
nonparametric Mann-Whitney U test for direct comparisons and non-
matching nonparametric Kruskal-Wallis test were used for group com-
parisons over time. Outlier evaluations were made using a Grubbs test. 
All tests had statistical significance was set at a P value of < .05. Levels 
of biomarkers observed for subjects treated with GMI-1271 were com-
pared with simple statistics to subjects treated with enoxaparin or pla-
cebo, as the study was not powered for this end point.

3  | RESULTS

3.1 | Subject characteristics

3.1.1 | Aim 1

From November 2014 to November 2015, 50 subjects were screened 
for study. A total of 24 subjects met criteria and were enrolled into one 
of the dosing cohorts and randomized per study protocol. Reasons for 
ineligibility included abnormal laboratory findings, current medical is-
sues, BMI > 35 kg/m2, and inability to return for study visits.

F I G U R E  1   Patient 1: serial ultrasound results. (A) Baseline longitudinal ultrasound showing the thrombosed posterior tibial vein 
(arrow). Note the color flow showing the patent paired posterior tibial vein in blue. (B) Day 8 longitudinal ultrasound again demonstrating 
the thrombosed posterior tibial vein (arrow). Note the color showing the patent paired posterior tibial vein in blue. (C) Day 19 longitudinal 
ultrasound again demonstrating the thrombosed posterior tibial vein (arrow). Note the color showing the patent paired posterior tibial vein 
in blue. (D) Baseline longitudinal ultrasound showing the thrombosed paired peroneal veins (arrows). (E) Day 8 longitudinal ultrasound now 
showing 1 peroneal vein now open (arrow). The open posterior tibial vein is also seen (*), along with the thrombosed posterior tibial vein (+). 
(F) Day 19 longitudinal ultrasound showing now both peroneal veins open in the proximal calf (white arrows). Patient 2: serial ultrasound 
results. (A) Baseline transverse ultrasound showing thrombosis of one of the 2 paired posterior tibial veins, without (WO) compression and 
with (W) compression. Arrows demonstrate the thrombus. (B) Day 8 longitudinal ultrasound showing the thrombosed PT vein (arrow). Note 
the color flow showing the patent paired posterior tibial vein in blue. (C) Day 19 longitudinal ultrasound now showing that both posterior 
tibial veins are patent. Note the reopened posterior tibial vein (arrow) and the second patent posterior tibial vein in blue
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3.1.2 | Aim 2

From November 2015 to February 2016, sixteen subjects were 
screened for study. Eight subjects met criteria and were enrolled into 
one of the 2 dosing cohorts.

3.1.3 | Aim 3

From August 2016 through November 2016, over 1500 ultrasounds 
were reviewed and 258 (17.2%) acute and chronic lower extremity 
DVTs were identified, of which 40 had an acute distal calf vein DVT. Of 
these possible subjects, 30 did not meet eligibility criteria, 3 declined 
participation, 1 was a screen fail, and 4 were diagnosed at off-site facili-
ties where study procedures could not be obtained. Two subjects with 
calf vein thrombosis were enrolled and randomized per study protocol. 
Unfortunately, due to the accrual process and the National Institutes 
of Health contract mechanism that funded this study, only 2 patients 
were enrolled prior to the end of the funding contract.

Patient 1 was a 36-year-old man with no personal VTE history 
who sustained a closed left trimalleolar fracture occurring after a 
fall and treated with an immobilizing boot. Six days after the fall, he 
presented to the orthopedic clinic with worsening left leg swelling. 

Duplex ultrasound revealed that both left paired peroneal veins and 
one posterior tibial vein were occluded. He was enrolled and ran-
domized to receive GMI-1271. He reported improved pain and swell-
ing after 48 hours of treatment and over the 19 days of follow-up, 
the thrombosed posterior tibial vein remained occluded, but the 
length of occlusion decreased from 6 cm to 4.13 cm and 1 peroneal 
vein reopened (Figure 1).

Patient 2 was a 55-year-old man with no personal VTE history 
who developed persistent left posterior calf pain over a 2-week 
duration following a long car ride. Duplex ultrasound revealed 
total occlusion of one of the paired posterior tibial veins. He was 
enrolled and randomized to receive GMI-1271. He reported im-
provement of pain and swelling after 48 hours of treatment and 
over the 19 days, his posterior tibial vein completely recanalized 
(Figure 1).

General subject characteristics at baseline are detailed in 
Appendix S1, Table S1.

3.2 | Safety analysis

All subjects in Aims 1 and 2 completed safety visits and no clinically 
significant findings in laboratory analysis, vital signs, ECGs or physi-
cal exams were observed. GMI-1271 administration did not result 
in any changes in bleeding time or coagulation parameters (PT/INR, 
aPTT) or result in any moderate or serious adverse events related 
to study drug. Appendix S1, Table S2 depicts the adverse events re-
ported in Aims 1 and 2.

In addition, no clinically significant findings in laboratory analy-
sis, vital signs, electrocardiograms (ECGs), or physical exam were ob-
served in the 2 patients with calf vein VTE who received GMI-1271. 
No SAEs were reported (Appendix S1, Table S3).

3.3 | Pharmacokinetic profile

3.3.1 | Aim 1

In the single-ascending-dose study, the plasma concentrations, max-
imum serum concentration (Cmax), and area under the curve (AUC) 
increased in a consistent dose-related manner. The drug clearance 
(CLr), volume of distribution (VZ), and half-life t½ were not dose 
dependent, and t½ ranged between 1.4 and 1.9  hours. A majority 
(~66%) of the drug was excreted unchanged (Figure 2A).

3.3.2 | Aim 2

Similar to Aim 1, Cmax and AUC increased as expected with dose es-
calation (Figure 2B). CLr, VZ, and t1/2 were not dose dependent, and 
no accumulation was seen with multiple dosing. The t1/2 is approxi-
mately 1.5 hours in both the 10 and 20 mg/kg cohorts. See Appendix 
S1, Table A for pharmacokinetic details.

F I G U R E  2   (A) Plasma concentration after a single dose of GMI-
1271. (B) Plasma concentrations after 5 consecutive intravenous 
doses of GMI-1271
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3.4 | Biomarker analysis

3.4.1 | TEG

In Aim 1, we found a statistically significant difference for increased 
R (time of latency from start of test to initial fibrin formation; 

P =  .0002; Figure 3A), and K (time taken to achieve a certain level 
of clot strength (P  =  .007; Figure 3B) between enoxaparin (higher 
values) and GMI-1271. Angle A, which measures the speed at which 
fibrin buildup and crosslinking takes place, was not statistically dif-
ferent between enoxaparin and GMI-1271 (Figure 3C), while there 
was a higher level of Ly30 (which measures the degree of fibrinolysis) 

F I G U R E  3   Aim 1 and Aim 2 TEG 
results comparing GMI-1271 vs. 
enoxaparin. D0, baseline; D4, day 4; Enox, 
enoxaparin; TRX, treatment
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in GMI-1271 as compared to enoxaparin (P = .046; Figure 3D). In Aim 
2, there was a trend to increased R, K, and Ly30 and a decreased A in 
the enoxaparin group (Figure 3 E-H). TEG R, K, and A data for those 
treated with saline mirrored subjects treated with GMI-1271.

3.4.2 | sEsel protein determination

In Aim 1, analysis revealed a trend to decreased sEsel protein in 
those treated with GMI-1271 (day 0 vs. treatment day; Figure 4A). 
There was no change in sEsel seen with enoxaparin (Figure 4B) 
or placebo (Figure 4C). In Aim 2, there was a trend for sEsel to 
decrease between day 0 and day 4 in those treated with GMI-
1271 (Figure 4D; Appendix S1, Table C). The trend to lower sEsel in 
GMI-1271 treated subjects suggests appropriate on-target effects.

3.4.3 | MAC-1, MPO, sPsel, tissue factor, and other 
protein determination

In Aim 1, there was a trend for an increases in MAC-1 between GMI-
1271 and placebo saline at 8 hours after treatment, with a higher 
level of MAC-1 in the saline group (Figure 5A), while in Aim 2, there 
was a trend for MAC-1 to decrease between baseline and day 4 in 
GMI-1271–treated subjects (Figure 5B). In Aim 1, there was a differ-
ence in MPO between GMI-1271 and enoxaparin, with MPO levels 
being higher in the enoxaparin group (Figure 5C), while the meas-
urement of MPO was similar between saline and GMI-1271–treated 
subjects (Appendix S1, Table B). In Aim 2, there was a trend for 
enoxaparin to raise MPO levels compared to GMI-1271 (Figure 5D; 
Appendix S1, Table C). These comparisons of MAC-1 and MPO sug-
gest lower leukocyte and platelet activation in GMI-1271–treated 
volunteers compared with enoxaparin. In Aim 1, when comparing 
the 24-hour posttreatment biomarker samples, sPsel was signifi-
cantly lower in the saline-treated cohort, P = .03 (Figure 6A). Tissue 
factor in Aim 1 was higher in the 24-hour posttreatment saline pla-
cebo samples when compared to GMI-1271 (Figure 6B). No other 
notable trends were seen in the other biomarkers measured.

3.4.4 | Biomarker data in patients with calf vein 
thrombosis treated with GMI-1271 (Aim 3)

We found that LFA-1 rose slightly from baseline to 1 hour after 
treatment (Figure 7A) and TNFα decreased from day 0 to day 4 

F I G U R E  4   Soluble-E Selectin values for Aim 1 and Aim 2. D0, 
baseline; TRX, treatment; Enox, enoxaparin. Note: Figure 4C, both 
groups had a single outlier evaluated using a Grubbs test. Both 
data points were furthest from the rest, but not a significant outlier 
(P > .05)
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(Figure 7B). CRP, D-dimer, and tissue factor all trended lower after 
treatment with GMI-1271 (Figure 7C,D,E).

See Appendix S1, Tables B, C, and D, for select detailed bio-
marker values for Aims 1, 2, and 3.

4  | DISCUSSION

These 2 studies represent the first report of clinical trials adminis-
tering GMI-1271, an E-selectin antagonist, in doses >10 mg/kg in a 
single ascending dose, and the first trial to use multiple ascending 
doses in healthy volunteers. We also report on the first 2 patients 
with DVT to receive treatment with a selectin antagonist to show 
proof of principle.

We found that GMI-1271 showed an acceptable safety profile in 
healthy volunteers and in patients with calf vein thrombosis. GMI-
1271 was well tolerated when administered as a single intravenous 
dose or as multiple intravenous doses over consecutive days. There 
were no clinically significant findings seen in laboratory analysis, 
vital signs, ECGs, or physical exams. Adverse events for single-as-
cending-dose evaluation seen in >1 participant were mild/Grade 1 
and included headache, skin irritation, vessel puncture-site bruising, 
and dizziness. Similar events were seen in the multiple ascending 
dose evaluation. One event was grade 2 in the multiple dose anal-
ysis and was considered unrelated to GMI-1271. Generally, the fre-
quency and severity of events did not change with multiple dosing. 
There were no moderate or serious adverse events considered re-
lated to GMI-1271 by the study investigators.

GMI-1271 showed consistent pharmacokinetic parameters 
for doses ranging from 2 mg/kg to 40 mg/kg. Plasma levels in-
creased in a linear manner with respect to dose, while clearance, 
volume of distribution, and half-life were not dose dependent. 
Furthermore, no accumulation was seen with multiple consecutive 
doses. Biomarker analysis demonstrated a trend in reduction of 
sEsel levels with GMI-1271 exposure, indicating on-target activity, 
while exposure of GMI-1271 did not impact key clinical measures of 
bleeding risk. Several biomarkers measured in Aims 1 and 2 showed 
differences between groups (MAC-1, MPO, sEsel, sPsel, and TF). 
However, it is important to consider the possibility of type I and 
type II error, as the biomarkers were analyzed as secondary end 
points, and the study was not powered for these analyses. Despite 
this limitation, the biomarker trends suggest GMI-1271 has a lower 
bleeding potential compared to enoxaparin. Our 2 patients with calf 
DVT treated with GMI both had improvement of symptoms after 
48 hours with repeat ultrasound showing signs of clot resolution.
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There is a clinical demand for antithrombotic treatment strate-
gies that do not increase the risk of bleeding and also limit fibrosis. 
In addition, the ATTRACT trial19 and SOX trial20 demonstrate that 
thrombolysis or compression does not decrease the rate of post-
thrombotic syndrome (PTS). Given the mechanism of PTS, an agent 
that decreases vein wall fibrosis has the potential of limiting PTS. 
The need for new agents is clear,21 and GMI-1271 is an exciting new 
agent that may fill this important need.

Notable limitations of our study include slow accrual to Aim 3 
with only 2 patients with acute calf vein thrombosis being enrolled 

F I G U R E  6   Soluble P-selectin and tissue factor for Aim 2 pooled 
GMI-1271 cohorts vs. saline. D2, day 2. Note: Figure 6B-Tissue 
Factor, had an outlier evaluated using a Grubbs test. The single 
data point was furthest from the rest, but not a significant outlier 
(P > .05)
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prior to funding cessation. In addition, GMI-1271 is administered 
intravenously, which limit daily use; future studies will use a subcu-
taneous formulation of GMI-1271, which may ease administration. 
Our study was also not powered to analyze biomarker end points 
and, as such, our findings represent notable trends and larger studies 
are needed to confirm these results.

To our knowledge, these are the first studies looking at E-selectin 
inhibition as treatment in VTE in humans. This exciting mechanism 
of action and favorable side effect profile may open a new treat-
ment paradigm for the treatment of VTE. Our research group is 
now evaluating the combination of GMI-1271 with lower doses of 
enoxaparin in primates through the NHLBI Vascular Interventions/
Innovations and Therapeutic Advances (VITA) Program. This re-
search should drive future human studies and demonstrate proof 
of concept for the potential for selectin inhibition to be used as a 
frontline therapeutic option for VTE, either as stand-alone therapy 
or combined with standard therapy at lower doses.
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