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Abstract
Introduction—The contribution of platelet activation to the pathogenesis of sickle cell disease
(SCD) remains uncertain. We evaluated the safety and efficacy of eptifibatide, a synthetic peptide
inhibitor of the αIIbβ3 receptor, in SCD patients during acute painful episodes.

Materials and Methods—In this single site, double-blind, placebo-controlled trial, eligible
patients with SCD admitted for acute painful episodes were randomized to receive eptifibatide or
placebo at a ratio of 2:1.

Results—Thirteen patients (SS - 10, Sβ0 - 2, SC - 1) were randomized to receive either
eptifibatide (N=9; 6 females; median age - 25 years) or placebo (N=4; 3 females; median age - 31
years). In the intent-to-treat analysis, there were no major bleeding episodes in either the
eptifibatide or placebo arms (point estimate of difference: 0.00, 95% CI; −0.604, 0.372). There
was one minor bleeding episode in the eptifibatide arm (point estimate of difference for any
bleeding: 0.11, 95% CI: −0.502, 0.494). There was no significant difference in the proportion of
patients with thrombocytopenia between the treatment groups (point estimate of difference: 0.11,
95% CI: −0.587, 0.495). There were no differences in the median times to discharge, times to
crisis resolution or the median total opioid use.

Conclusions—In this small study, eptifibatide appeared to be safe, but did not improve the
times to crisis resolution or hospital discharge. Adequately powered studies are required to
evaluate the safety and efficacy of eptifibatide in SCD. Clinicaltrials.gov Identifier:
NCT00834899.
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Sickle cell disease (SCD) is characterized by a “hypercoagulable state,” with alterations in
platelet function, coagulation activation and activation of fibrinolysis in the direction of a
procoagulant phenotype (1). Patients with SCD exhibit increased platelet expression of
CD62P (P-selectin), CD40 ligand (CD40L) and activated αIIbβ3 receptors (2–4), as well as
elevated plasma levels of the α-granule constituents, platelet factor 4 and β-thromboglobulin
(5), in the non-crisis, “steady state,” compared to healthy, control subjects. In addition, the
level of the inflammatory mediator, CD40L, is increased in the plasma and significantly
reduced in the platelets of SCD patients compared to healthy individuals during the non-
crisis, “steady state” (6). Multiple studies report further increases in markers of platelet
activation during SCD-related acute pain episodes compared to periods without pain (5, 6).
The frequency of pain episodes has been reported to correlate with enhanced platelet
procoagulant activity measured during periods without pain (5). Furthermore, the plasma
level of CD40L obtained during the non-crisis, “steady state” is significantly associated with
the frequency of acute pain episodes in patients with “clinically severe” SCD genotypes
(HbSS/HbSD/HbSβ0 thalassemia) (7).

CD40L, a type II transmembrane protein and a member of the tumor necrosis factor
superfamily (8), is inducibly expressed on leukocyte subsets, smooth muscle, and epithelial
cells, and mediates a broad variety of immune and inflammatory responses (9), both in its
membrane-bound and soluble forms (10, 11). Upon activation, CD40L is exposed to the
platelet surface and is released as a soluble fragment into the plasma (12). The integrin,
αIIbβ3 is required for platelet activation and the release of CD40L (13). Our previous
observation that the CD40:CD40L interaction increases the expression of tissue factor and
intercellular adhesion molecule-1, as well as B-cell proliferation suggests that CD40L may
contribute to the pathophysiology of vaso-occlusion in SCD (6).

Eptifibatide is a highly specific, reversible, synthetic peptide inhibitor of the αIIbβ3 receptor
that acts at the final common step of the platelet aggregation pathway (14). Eptifibatide
inhibits fibrinogen binding to ADP-activated platelets ex vivo (15); disperses platelet
aggregates in vitro (16); inhibits soluble CD40 ligand and platelet-derived cytokine
RANTES release ex vivo and in vitro (17, 18); inhibits IL-1 receptor antagonist levels ex
vivo (19); inhibits αVβ3 integrin-mediated binding in human smooth muscle cells and
endothelial cells at concentrations above those achieved therapeutically (20); and improves
endothelium-dependent and nitric oxide-mediated vasodilation in patients with coronary
artery disease (21). In an earlier pilot study in SCD patients during the non-crisis, “steady
state,” eptifibatide was well tolerated, and appeared to decrease the level of soluble CD40L
(22).

To further define the contribution of platelet activation to the pathophysiology of vaso-
occlusion in SCD, we performed a randomized, placebo-controlled pilot study to evaluate
the safety and efficacy of eptifibatide in patients with SCD during acute pain episodes.

MATERIALS AND METHODS
Subjects

The study population was comprised of male and female patients with SCD (HbSS, HbSβ0

thalassemia and HbSC) between the ages of 18 and 55 years, with serum creatinine ≤ 1.2
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mg/dl, serum transaminase values < 3 times upper limits of normal, platelet count ≥
150×106/mm3, normal baseline coagulation profile (PT/INR, PTT), adequate intravenous
access, and sudden onset of pain involving one or more sites that was typical of usual pain
episodes, who were able to understand the requirements of the study and willing to give
informed consent. Women of child-bearing age were practicing an adequate method of
contraception (oral contraception, depo-provera, bilateral tubal ligation or barrier method).

Exclusion criteria included a baseline hemoglobin < 6.0 gm/dl, a history of major bleeding
(such as gastrointestinal or intracranial bleeding) or a bleeding diathesis, an ongoing episode
of acute chest syndrome, a past history of clinically overt stroke, severe hypertension
(systolic BP > 200 mmHg and/or diastolic BP >110 mmHg), major surgery within the six
weeks preceding enrollment, pregnancy or breastfeeding, on chronic anticoagulation or
chronic antiplatelet (including NSAID) therapy, a history of metastatic cancer, on a chronic
transfusion program or had received a blood transfusion in the prior 8 weeks, a positive
urine toxicology screen for barbiturates, cocaine or amphetamines, a history of alcohol
abuse or had received any investigational drugs within the past 4 weeks.

The Institutional Review Board of the University of North Carolina, Chapel Hill, approved
the study protocol. Each subject gave written informed consent.

Study Design
This study was conducted as a single-center, phase II randomized, double-blind, placebo-
controlled study to evaluate the safety of eptifibatide, in combination with “standard of
care,” for the treatment of patients during an acute pain episode. Patients admitted with
uncomplicated acute pain episodes were treated with opioid analgesics, typically
administered by patient controlled analgesia (PCA), “gentle” hydration and incentive
spirometry. The two primary safety assessments were: a) an evaluation for major bleeding
episodes (defined as any episode, such as gastrointestinal or intracranial bleed that typically
leads to hospitalization or other prolonged bleeding requiring a blood transfusion); and b)
decrease in platelet counts occurring anytime from randomization up to the final follow-up
visit (day 28 – 35). We also conducted an exploratory analysis designed to assess the
efficacy of eptifibatide in this clinical setting by measuring its effect on: the duration of both
acute pain episodes (time from randomization to termination of the pain episode) and
hospitalization (period from randomization to the time an order for discharge from the
hospital was written); pain intensity (assessed using visual analog scale [VAS]); total opioid
analgesic consumption; and the development of acute chest syndrome.

The study consisted of a Screening/Baseline Phase, Treatment Phase, Post-Treatment Phase
and Follow-up Phase. The Screening/Baseline Phase, conducted upon admission with an
acute pain episode, included informed consent, a history and physical examination and
clinical laboratory tests (complete blood count [CBC]; coagulation studies [PT/INR, PTT];
routine chemistries to assess liver and renal function; electrocardiogram; urinalysis; urine
toxicologic screen; chest x-ray [CXR]; and serum pregnancy test [if female, and of child-
bearing capacity]). The Treatment Phase started at randomization and lasted until
completion of the study drug infusion. The study drug infusion was initiated as soon as
possible following presentation with an acute pain episode, and no longer than 24 hours
following presentation to the hospital. The Post-Treatment Phase lasted for 7 days or until
resolution of the crisis, whichever was shorter, but no less than 24 hours after
discontinuation of the study drug infusion. Patients were not discharged home from the
hospital until they had met the protocol-required “crisis” resolution criteria. The pain
episode was considered terminated when the patient stated that the crisis was resolved
(defined as being ready to go home on oral analgesics) or all of the following criteria were
met: 1) pain relief (pain scores ≤ 40) maintained for at least 2 consecutive readings obtained
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at least 4 hours apart; 2) no parenteral analgesics had been administered for at least 12
hours; and 3) ability to walk normally (unless he/she was unable to walk for some other
reason prior to the crisis onset). Patients who were hospitalized for longer than 7 days after
the end of the study drug infusion were eligible to be discharged without meeting the
protocol definition of “crisis” resolution based on the clinical judgment of the treating
physician. The Follow-up Phase included safety evaluations that were completed at 14 to 17
days and 28 to 35 days after discontinuation of the study drug infusion.

We aimed to enroll 30 participants, but the trial was terminated early because of slow
accrual. Although the final study sample size did not provide the intended level of precision
for estimating safety or treatment effects, we explored trends in the safety and efficacy of
eptifibatide to provide therapeutic and pathophysiological insights and to guide the
development of future studies.

Treatment
Eligible subjects were randomized at a ratio of 2:1 to receive either eptifibatide or placebo
(using randomly permuted blocks with random block sizes of 3 and 6). Patients randomized
to the eptifibatide arm received two 180 μg/kg boluses of eptifibatide 10 minutes apart,
followed by a continuous infusion at 2 μg/kg/min for 6 hours. Patients randomized to the
placebo arm received a saline solution delivered at a volume and rate identical to that of the
active drug.

Statistical Analyses
Differences between treatment groups in the proportion of participants with a major bleed,
any bleed (major or minor bleeding episodes) and thrombocytopenia, respectively, were
calculated. 95% confidence intervals (CI) were obtained using the method of Newcombe
(23) with continuity correction (24). For each patient, the largest decrease in platelet counts
observed across all measurement time points since baseline was determined and the
decreases in platelet counts were summarized graphically by treatment group. Using the
Hodges-Lehmann estimation procedure, 95% CIs were obtained for the location shift in
decreases in platelet counts for the eptifibatide group versus the control group (25).

For the exploratory endpoint of duration of pain episode, Kaplan-Meier estimates of the
survival distributions were plotted by treatment group and an exact log rank test was used to
compare the two treatment groups. Patients whose crises had not yet resolved by day 7
(when study pain assessments ended) were censored. The distributions of time until
discharge and total opioid analgesic use by treatment group were summarized and Hodges-
Lehmann procedure was used to provide exact 95% CIs for the location shift between the
treatment groups. Graphical methods were used to summarize changes in VAS pain scores
over time by treatment group.

RESULTS
Thirteen patients (SS - 10, Sβ0 - 2, SC - 1) were randomized to receive either eptifibatide (N
= 9; 6 females; median age - 25 years) or placebo (N = 4; 3 females; median age - 31 years)
between August, 2009 and March, 2012 before the termination of the study (Figure 1). One
patient in the eptifibatide arm refused further participation in the study following completion
of the study drug infusion after she was found to be difficult to arouse, with associated fever,
hypoxia and tachycardia. A chest x-ray showed no infiltrates and she improved following a
decrease in her opioid analgesics. One patient randomized to the placebo arm was
withdrawn early because she had a lower hemoglobin level than was permissible for the
study. Due to the small number of enrolled subjects, these 2 patients were included in the
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intent-to-treat population. The baseline demographic and laboratory data of the study
subjects are shown in Table 1.

In the intent-to-treat analysis, there were no major bleeding episodes in either the
eptifibatide or placebo arms. The point estimate of difference in the proportion with major
bleeds between eptifibatide and placebo was 0.00 (95% confidence interval [CI]; −0.604,
0.372). This means that we can rule out a 37.2% increased or greater risk with high
confidence in the proportion of individuals who would be expected to have a major bleed if
using eptifibatide compared with placebo. There was one minor bleeding episode (epistaxis)
in a patient on the eptifibatide arm. The point estimate of the difference in the proportion
with any bleeding (major or minor) between eptifibatide and placebo was 0.11 (95% CI:
−0.502, 0.494). This means that we can rule out a 49.4% increased or greater risk with high
confidence in the proportion of individuals who would be expected to have any bleeding if
using eptifibatide compared with placebo. There was a slight trend for the largest decrease in
platelet count to be greater in the eptifibatide arm compared to the placebo arm, although the
difference was not statistically significant. The observed median of the largest platelet count
drop was 97.0 × 109/L for the eptifibatide arm and −5.0 × 109/L for the placebo arm. The
Hodges-Lehman estimate of the location shift between the eptifibatide and placebo arms
was −82 (95% CI: −281, 54; midpoint −113.5). There was no significant difference in the
proportion of patients with thrombocytopenia between the treatment groups. The point
estimate of the difference in the proportion with thrombocytopenia between eptifibatide and
placebo was 0.11 (95% CI: −0.587, 0.495). This means that we can rule out a 49.5%
increased or greater with high confidence in the proportion of individuals who would be
expected to have thrombocytopenia if using eptifibatide compared with placebo.

The median time to crisis resolution based on the survival distributions was 3.0 days for
both treatment arms. The only two participants who completed 7 days of pain assessments
without crisis resolution were both in the eptifibatide group. There was no evidence of a
significant difference in time until crisis resolution between groups (exact log-rank test, p-
value = 0.50). The median time to discharge was 3.0 days for patients in the eptifibatide arm
as well as those in the placebo arm. The Hodges-Lehman estimate of the location shift
between the eptifibatide and placebo arms was −0.1 days (95% CI: −32.1, 1.26; midpoint
−15.4). No differences were observed in the pain intensity for patients in the eptifibatide arm
compared with those in the placebo arm. The median total opioid use was 400.2 morphine
equivalents (ME) for subjects in the eptifibatide arm and 1471 ME for subjects in the
placebo arm. The Hodges-Lehman estimate of location shift between the eptifibatide and
placebo arms was −65.8 (95% CI: −2519, 1700; midpoint −409.6). Finally, one episode of
acute chest syndrome occurred in each treatment arm.

Twelve serious adverse events were reported in seven patients. Each of these 12 events (five
sickle cell pain episodes in four patients, bilateral shoulder pain in one patient, adenovirus
respiratory infection in one patient, bacteremia in one patient, worsening anemia in one
patient, hypoxemia in 1 patient and acute chest syndrome in 1 patient) were judged as
unrelated to the study drug, and most were thought to be due to the underlying SCD. The
most commonly reported treatment-emergent adverse events are listed in Table 2.
Eptifibatide appeared to be well tolerated and no important between-group differences were
noted in the occurrence of treatment-emergent adverse events.

DISCUSSION
There are two general approaches to therapy for vaso-occlusive pain episodes in SCD: a)
acute intervention - an attempt to terminate or to shorten the duration of a vaso-occlusive
pain episode; and b) prevention - an approach designed to reduce the frequency of vaso-
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occlusive pain episodes. Despite an improved understanding of the pathophysiology of SCD,
acute intervention for severe pain episodes in SCD patients remains inadequate, consisting
mainly of supportive care with opioid analgesics, gentle hydration and oxygen therapy
(usually in the setting of hypoxia). Several pharmacological agents have been evaluated as
potential intervention strategies for shortening the duration or severity of acute pain episodes
with mixed results (26–31). Most of these interventions have not produced any clinically
meaningful reduction in the duration of acute pain episodes. While a randomized, double
blind study of tinzaparin in 253 patients with HbSS showed that patients treated with
tinzaparin had a significant reduction in the number of days with the most severe pain,
overall duration of pain crisis and duration of hospitalization compared to placebo (30), this
intervention is not widely used as treatment for acute pain episodes.

Although eptifibatide has been associated with a small risk of major bleeding especially at
vascular access sites in patients undergoing percutaneous coronary intervention (32),
bleeding was not a substantial problem in our patients. We found that eptifibatide was well
tolerated, with no observed major bleeding episodes. One subject, in the eptifibatide arm,
had a minor bleeding episode with mild epistaxis. Thrombocytopenia has been reported
following treatment with eptifibatide (33–35). No patients developed thrombocytopenia
following treatment in this study. Although, as observed in several other studies (32, 36, 37),
no significant differences were observed in the platelet counts in our study patients treated
with eptifibatide versus placebo, there was a trend for the largest decrease in platelet count
to be greater in the eptifibatide arm. In addition, despite reports of increased agonist-induced
platelet activation, augmented platelet-neutrophil and platelet-monocyte aggregation in-vivo,
and consequent activation of leukocytes following treatment with unfractionated heparin and
eptifibatide (38) that raise concerns for worsening vaso-occlusion, patients treated with
eptifibatide in our study did not appear to experience worsening vaso-occlusive
complications compared to those treated with placebo. While the only two subjects who
completed 7 days of pain assessments without crisis resolution were both in the eptifibatide
group, we are unable to attribute causality of these prolonged pain episodes to eptifibatide.

The lack of significant differences in the median times to discharge as well as the time to
crisis resolution in patients in the eptifibatide arm compared with patients in the placebo arm
may be related to the lack of adequate power to detect differences in these endpoints. In
addition, adequately powered studies are required to evaluate the effect of eptifibatide on the
utility of opioid analgesics as well as other efficacy endpoints during acute pain episodes in
SCD.

There are multiple studies of antiplatelet agents in SCD (22, 39–44). While the reported
effects of these agents on pain episodes are mixed, the largest study, a randomized, double-
blind, placebo-controlled study evaluating the effect of ticlopidine in 140 HbSS patients
reported a reduction in the frequency, duration, and severity of acute pain episodes
following 6 months of therapy (39). In addition, a recent study of the third-generation
platelet P2Y12 ADP receptor antagonist, prasugrel, showed that it significantly decreased
plasma levels of markers of platelet activation compared to placebo and appeared to
decrease the mean pain rate, although this did not achieve statistical significance (45). All of
these data suggest that in adequately powered studies, antiplatelet agents may be beneficial
in the prevention and/or treatment of pain episodes in SCD.

In conclusion, infusion of eptifibatide for 6 hours during acute pain episodes in patients with
SCD appears to be safe and well tolerated in this small study. Although there were no
significant differences in the time to crisis resolution or the time to discharge, the study was
underpowered to evaluate these efficacy endpoints. The data presented here suggest that
antiplatelet therapy may constitute a safe therapeutic approach for SCD during acute pain
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episodes. Adequately powered studies of eptifibatide and other antiplatelet agents are
warranted.
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Figure 1.
Consort Diagram of Patient Enrollment
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Table 1

Baseline Demographics and laboratory Data of Study Patients

Variable Eptifibatide (N = 9) Placebo (N = 4)

Age (years) [Range] 25 (22–48) 31 (24–50)

Gender

 (M) 3 (33) 1 (25)

 (F) 6 (67) 3 (75)

Genotype

 (SS) 6 (67) 4 (100)

 (Sβ0) 2 (22) -

 (SC) 1 (11) -

Weight (Kg) 72.1 (56.7 – 100.1) 59.0 (56.0 – 62.4)

White Blood Cell Count (× 109/L) 11.3 (7.7 – 19.1) 14.5 (11.9 – 26.3)

Absolute Neutrophil Count (× 109/L) 7.4 (3.0 – 14.4) 8.9 (4.0 – 21.4)

Hemoglobin (g/dL) 8.1 (5.9 – 10.6) 7.5 (5.5 – 9.3)

Platelet Count (× 109/L) 521 (96 – 829) 397 (317 – 519)

Hemoglobin F (%) 9.35 (0.3 – 29.3) 8.6 (7.3 – 17.5)

Creatinine (mg/dL) 0.7 (0.38 – 1.09) 0.53 (0.45 – 0.80)

Alanine Transaminase (U/L) 29 (7 – 64) 42.5 (31 – 65)

Lactate Dehydrogenase (U/L) 684 (435 – 1235) 981.5 (719 – 1574)

Total Bilirubin (mg/dL) 1.9 (0.7 – 2.8) 2.45 (1.6 – 10.7)

Median (Min-Max) provided for continuous variables. N (percent) for categorical variables
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Table 2

Frequency of Adverse Events* in patients on Eptifibatide and Placebo

Number (%) of patients

Adverse Event Eptifibatide (N = 9) Placebo (N = 4)

Headache 6 (66.7) 3 (75)

Sickle cell pain crisis 3 (33.3) 1 (25)

Nausea 3 (33.3) 1 (25)

Thrombocytosis 2 (22.2) 0 (0)

Pruritus 1 (11.1) 1 (25)

*
Patients were only counted once for each adverse event. Adverse events were included in the table if 2 or more patients reported an event in the

two groups combined.
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