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Abstract
Introduction: The COVID-19 Global Pandemic caused by the novel coronavirus, SARS-CoV-2, and the
consequent morbidity and mortality attributable to progressive hypoxemia and subsequent respiratory
failure, threaten to overrun hospital critical care units globally. New agents that address the
hyperinflammatory “cytokine storm” and hypercoagulable pathology seen in these patients may be a
promising approach to treat patients, minimize hospital stays, and ensure hospital wards and critical care
units are able to operate effectively.  Dociparstat sodium (DSTAT) is a glycosaminoglycan derivative of
heparin with robust anti-inflammatory properties, with the potential to address underlying causes of
coagulation disorders with substantially reduced risk of bleeding compared to commercially available
heparin.

Methods: This study is a randomized, double-blind, placebo-controlled, Phase 2/3 trial to determine the
safety and efficacy of DSTAT added to standard of care, in hospitalized adults with COVID-19 who require
supplemental oxygen. Phase 2 will enroll 12 participants in each of two dose escalating cohorts, to
confirm the safety of DSTAT in this population. Following review of the data, an additional 50
participants will be enrolled. Contingent upon positive results, Phase 3 will enroll approximately 450
participants randomized to DSTAT or placebo. The primary endpoint is the proportion of participants who
survive and do not require mechanical ventilation through day 28.

Discussion: Advances in standard of care, recent emergency use authorizations, and positive data with
dexamethasone, has likely contributed to an increasing proportion of patients who are surviving without
the need for mechanical ventilation. Therefore, examining the time to improvement in the NIAID score will
be essential to provide a measure of drug effect on recovery. Analysis of additional endpoints, including
supportive biomarkers (e.g., IL-6, HMGB1, soluble-RAGE, D-dimer) will be performed to further define the
effect of DSTAT in patients with COVID-19 infection.

Trial Registration: ClinicalTrials.gov identifier NCT04389840, Registered 13 May 2020,
https://clinicaltrials.gov/ct2/keydates/NCT04389840

Introduction
COVID-19 is caused by infection with the novel coronavirus strain SARS-CoV-2. Clinical manifestations of
COVID-19 range from mild, self-limited respiratory tract illness to severe alveolar damage leading to
progressive respiratory failure, multiple organ failure, and death [1–3]. Approximately 15%-20% of COVID-
19 patients develop severe symptoms and exhibit systemic hyperinflammation with elevated cytokine
levels and lung immune cell infiltration, which may result in acute damage to capillaries and lung
epithelia/alveoli [4]. Additional localized pulmonary thrombotic microangiopathy and a low-grade
disseminated intravascular coagulopathy (DIC) add to the lung pathology and organ dysfunction,
increasing the risk of death [5,6].
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While the use of anticoagulants such as heparins may have potential clinical benefit [7], they come with
the risk of major bleeding events [8]. The global health crisis caused by SARS-CoV-2 mandates
aggressive development of both preventative vaccines and therapeutic regimens that effectively treat
patients.   Current efforts to expedite availability of therapeutics with a demonstrated positive risk/benefit
profile include repurposing approved drugs or those already in advanced development for other
indications. Dociparstat sodium (DSTAT; 2-O, 3-O desulfated heparin) is one such agent that is currently
in late stage development for acute myeloid leukemia. DSTAT is made by selective removal of the 2’-
sulfate group from iduronic acid 2-sulfate and the 3’-sulfate group from 3,6 bis-sulfated glucosamine
present in unfractionated heparin. Removal of these sulfates is associated with significantly reduced
anticoagulant activity while maintaining the known anti-inflammatory activities of heparin [9].

DSTAT inhibits the activity of HMGB1 (high mobility group box protein 1), a cytokine which plays a major
role in the pathogenesis of immune disorders.  Elevated HMGB1 in serum is strongly associated with
clinical severity and mortality in COVID-19 patients [10]. Extracellular HMGB1, released from dying cells or
secreted by activated immune cells, interacts with the receptor for advanced glycation end products
(RAGE) and Toll-like receptors (TLR), causing the release of pro-inflammatory cytokines including, but not
limited to, interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), monocyte chemoattractant protein-1
(MCP-1), and macrophage inflammatory protein-1 alpha (MIP-1α), all of which are elevated in severe
COVID-19 [9,11–13].

Infiltration of monocytes and other immune cells into the inflamed lung tissue is also an important
pathogenic driver of acute lung injury.  In vivo disease models have demonstrated that DSTAT can reduce
HMGB1 in bronchoalveolar lavage fluid, decrease immune cell infiltration in lungs, and improve survival
[14–16]. Molecular drivers of these effects likely include DSTAT inhibition of HMGB1 binding to RAGE,
inhibition of leukocyte lung infiltration via decreases in MCP-1 expression, and direct blocking of the cell
adhesion molecule P-selectin [9,17,18]. 

COVID-19 coagulopathies may be attributed to several mechanisms including aberrant activation of
immune cell responses, excessive inflammation, and immunothrombosis.  For example, neutrophils are
early responders to infection capable of extruding granular and nuclear contents to produce neutrophil
extracellular traps (NETs). While NETs are often beneficial in trapping and eliminating pathogens, they
can also promote thrombosis and are correlated with intubation and death in COVID-19 [19–21].  HMGB1
and platelet factor 4 (PF4), which are both significantly elevated in COVID-19 patients, induce formation
of NETs and regulate NET degradation.  DSTAT inhibition of HMGB1 and PF4 activities may reduce
formation of NETs and promote their clearance [9,22].

A related pathologic feature of COVID-19 is platelet hyperreactivity which may contribute to NET
formation and life-threatening coagulopathies.  In severe disease, platelets have increased expression of
P-selectin which promotes the formation of platelet-leukocyte aggregates.  These aggregates are
associated with platelet hyperreactivity, immunothrombosis and damage to lung capillaries [23]. Notably,
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P-selectin neutralization inhibits development of acute lung injury in animal models; DSTAT effectively
blocks binding and cell adhesion activities of P-selectin [9].

Overall, DSTAT inhibits several potentially key molecular drivers of COVID-19 pathology, including
HMGB1, PF4 and P-selectin (Figure 1).  DSTAT’s pharmacologic mechanisms hold the potential to reduce
both inflammation and coagulopathies that contribute to the high morbidity and mortality in the COVID-
19 infected patient population who are hospitalized and requiring supplemental oxygen.

Methods / Design
Study Overview

Chimerix protocol CMX-DS-004 is a randomized, double-blind, placebo-controlled, Phase 2/3 study to
determine the safety and efficacy of dociparstat versus placebo in adults receiving standard of care for
acute lung injury associated with severe COVID-19 who are at high risk of respiratory failure.

This trial is designed in accord with the consensus ethical principles derived from international guidelines
including the Declaration of Helsinki and Council for International Organizations of Medical Sciences
(CIOMS) International Ethical Guidelines; applicable International Council of Harmonization (ICH) Good
Clinical Practices (GCP) Guidelines; and applicable laws and regulations. All documents are initially
approved by a central institutional review board (Advarra) and/or by the individual site IRB if required.
Written informed consent is obtained from all participants before any study-related procedures are
implemented. When available, the results will be published in a peer-reviewed journal.

Participants are randomized 1:1 in three sequential Phase 2 cohorts, followed by the Phase 3 portion of
this pivotal study (Figure 2). Randomization of participants in Phase 2/Cohort 3 and Phase 3 will be
stratified by baseline score on the National Institute of Allergy and Infectious Diseases (NIAID) ordinal
scale (3 or 4) and by age (<60 or ≥60 years) [24]. Randomization of participants in Phase 3 will
additionally be stratified by baseline BMI (<34 or ≥34 kg/m2).

The primary objective of Phase 3 is to assess the effect of dociparstat on disease progression in
participants with severe COVID-19. Approximately 15 U.S. clinical sites are to be engaged in Phase 2 to
enroll a total of 74 participants. Phase 3 is expected to include approximately 75 clinical sites to enroll
452 participants.

All participants receive randomized treatment for 7 days and are followed through Day 28. Phase 2,
Cohort 2 and Cohort 3 continuous infusion dose will be confirmed after review of data by an independent
Data Monitoring Committee (DMC) from prior cohort(s). Phase 3 continuous infusion dose will be the
same as administered in Phase 2, Cohort 3.

Eligibility
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Eligible participants must be adults between the ages of 18 and 85 years, who are hospitalized for
laboratory-documented COVID-19 (e.g., positive SARS-CoV-2 nasopharyngeal swab by reverse
transcriptase polymerase chain reaction [RT-PCR]), with a resting oxygen saturation on room air of ≤93%,
and have a score of 3 or 4 on the NIAID ordinal scale (i.e., hospitalized requiring supplemental oxygen).

Key exclusion criteria include the requirement for invasive mechanical ventilation or ECMO
(extracorporeal membrane oxygenation), acute pericarditis, severe renal impairment (calculated creatinine
clearance < 30 mL/min), an irreversible disease or condition with a mortality of ≥50% within 6 months,
active or uncontrolled bleeding, or a pre-existing history of severe chronic respiratory disease, severe
chronic liver disease, or congestive heart failure requiring hospitalization. Eligible participants must not
be receiving chronic anticoagulation, treatment with non-steroid immunomodulators or
immunosuppressant medications, or other investigational or non-approved therapies for COVID-19.
Laboratory exclusion criteria include an activated partial thromboplastin time (aPTT) greater than 42
seconds, alanine aminotransferase or aspartate aminotransferase greater than 5 times the upper limit of
normal, or a platelet count of less than 80,000/mm3.

Importantly, due to the risk of thromboembolic events in COVID-19, participants are permitted to receive
prophylaxis for deep venous thrombosis with subcutaneous administration of enoxaparin or
unfractionated heparin up to intermediate intensity, with dosing based on body mass index (BMI) and
creatinine clearance.  

Interventions

Participants will receive blinded study intervention consisting of either dociparstat or normal saline as a
placebo control for up to 7 days. Both groups will also receive best supportive care, as determined by the
investigator. All participants will be followed through Day 28.

Safety Considerations

Based on DSTAT’s relationship to heparin with its pharmacologically-mediated effect on coagulation, and
results of nonclinical and clinical studies possible risks of particular interest with dociparstat therapy
include prolonged aPTT (with a potential associated risk of bleeding/hemorrhagic events) and an
increase in serum aminotransferase concentrations. In previous studies in which higher doses of DSTAT
have been administered, mild to modest aPTT elevations have been observed which were manageable
with monitoring, and dociparstat dose adjustment, if needed. The transient elevation of liver enzymes is
considered a non-adverse class effect for all heparins, heparin derivatives, low molecular weight heparins,
and heparinoids [25]. Nevertheless, in the interest of subject safety, eligibility criteria have been designed
to ensure appropriate subject selection and specific safety monitoring and management guidelines have
been incorporated into the protocol, which include interruption or discontinuation of study drug dosing.

Notably, both unfractionated and low molecular weight heparins have been associated with heparin-
induced thrombocytopenia (HIT). In contrast, dociparstat suppresses heparin-induced thrombocytopenia-
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related platelet activation in vitro and may disrupt formation of heparin/PF4 multimolecular complexes
[26].

Assessments

Efficacy will be evaluated through clinical examinations, oxygen requirements, and laboratory tests.

Safety will be monitored through collection of adverse event data and laboratory samples.

Plasma samples will be collected for analysis of dociparstat concentrations and biomarkers to further
elucidate the mechanism of action of DSTAT, and sputum samples will be collected for virology testing.

Endpoints

The primary efficacy endpoint is the proportion of participants who are alive and do not require invasive
mechanical ventilation through Day 28. Secondary efficacy endpoints include all-cause mortality, time to
clinical improvement defined as at least a 2-grade improvement on the NIAID ordinal scale, number of
ventilator-free days, time to hospital discharge, and average daily corticosteroid use. Dociparstat plasma
concentrations and pharmacokinetic parameters will be summarized, as will biomarkers related to the
pathophysiology of severe COVID-19, including HMGB1, soluble RAGE, IL-6, and TNFα.

Safety endpoints include incidence of adverse events, changes from baseline in clinical laboratory
parameters, and distribution of graded clinical laboratory results.

Sample size and power calculations

Approximately 600 potential participants are expected to be screened to achieve a total of approximately
74 participants randomized in Phase 2 and 452 participants randomized in Phase 3.

The sample size of 6 participants per treatment group for Cohorts 1 and 2 was selected to assess any
safety signals in a limited number of participants. The sample size for Cohort 3 was selected to provide a
reasonable level of precision to assess the treatment effect for the primary endpoint.

For Phase 3, the sample size of 226 participants per group was selected to detect the difference between
a control failure rate of 20% and a dociparstat failure rate of 10% at a two-sided 0.05 alpha level with
>80% power. This sample size also accounts for a futility analysis after 50% of the Phase 3 participants
are enrolled using a Pocock beta spending function. Participants enrolled in Phase 2 will not contribute to
the inferential Phase 3 analysis.

Statistical methodology

The primary Phase 3 analysis will utilize the intent-to-treat analysis set and a Cochran-Mantel-Haenszel
test stratified by each of the actual stratification factors at the 0.05 alpha level. Participants will be
counted as failures once they go on a ventilator or die. Number and percentage of failures will be



Page 7/13

presented for each treatment arm. Cochran-Mantel-Haenszel p-values, estimated common odds ratios,
estimated common risk differences, and corresponding approximate two-sided 95% CIs will be presented.
The Breslow-Day test will be used to test the homogeneity of the odds ratios across strata. Although
missing data are expected to be limited, any such cases will be imputed as failure. A supportive analysis
using multiple imputation will be done in order to assess the sensitivity of the inference to the approach
to missing data.

In the event the primary endpoint is met, the key secondary analysis of all-cause mortality at Day 28 will
be tested sequentially at the 0.05 alpha level, using the same method used for the primary endpoint.

Data Monitoring Committee

An independent unblinded data monitoring committee (DMC) will review safety data from Cohort 1 to
make a recommendation on dose escalation in Cohort 2 and review safety data from both Cohorts 1 and
2 to make a recommendation on dosing in Cohort 3. After completion of Phase 2, all data will be
unblinded to the DMC and sponsor to determine whether the study should proceed. During Phase 3, the
DMC will convene to periodically review safety data, as well as to review the pre-specified futility interim
analysis.

Operational Considerations

Importantly, ensuring feasibility of study conduct in the setting of the current COVID-19 pandemic was
considered during study design and led to multiple features to accommodate changing institutional
practices to limit patient contact in order to protect medical staff, conserve personal protective
equipment, and decrease transmission of infection. This included allowing alternative means of
collecting informed consent from potential subjects, limiting the number of blood draws and flexible
scheduling, and even permitting longer intravenous (IV) lines to allow the location of IV pumps outside of
patient rooms.

Discussion / Conclusions
The COVID-19 pandemic has resulted in an unprecedented need for rapid identification and development
of effective therapies. Dociparstat, a molecule poised to initiate a Phase 3 pivotal study in another
indication, was found to be uniquely suited to address the pathophysiology of severe COVID-19. Steps
were immediately undertaken to design and initiate a feasible, comparative trial, to demonstrate that
DSTAT provides added benefit to standard of care in COVID-19 patients at risk of acute lung injury,
importantly decreasing their need for ventilatory support and improving overall outcomes.

However, the size and nature of the pandemic presented a variety of operational and scientific challenges.
The overwhelming burden on healthcare providers, shortages of personal protective equipment, and the
need to limit patient contact by medical personnel to prevent potential transmission of infection have
been important considerations in protocol design.
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The complexity of treatments being evaluated during the COVID-19 global pandemic has necessitated
flexibility in the allowances of concurrent medications and selection of endpoints being evaluated.  As the
landscape and COVID-19 knowledgebase evolves concurrent medications which would have normally
been excluded due to lack of efficacy and added safety concerns (i.e., hydroxychloroquine) had to be
considered as potential standards of care in this patient population, with close monitoring of
cardiovascular safety.  In addition, prophylaxis for DVT was incorporated into the protocol to
accommodate institutional practices for anticoagulation in the setting of COVID-19. The US Food and
Drug Administration also required inclusion of additional agents approved in other indications with
potential benefit in COVID-19 patients (e.g., immunomodulators including IL-6 inhibitors and IL-6 receptor
antagonists).  This current DSTAT trial in COVID-19 has taken into account those potential confounders
and has attempted to minimize their effect on the outcomes being interrogated by close monitoring of
cardiovascular safety in the case of hydroxychloroquine, protocol-specified dose limitations for DVT
prophylaxis and an algorithm for evaluation of potential cases of HIT, and the allowance of non-steroid
immunomodulatory agents only in the event of mechanical ventilation, a failure endpoint in the trial.  The
impact of the recent emergency use authorizations for remdesivir and convalescent plasma, and positive
clinical outcome data with the addition of dexamethasone on the anticipated effect size of DSTAT has
yet to be fully assessed but will be evaluated at the completion of the Phase 2 portion of the trial.  As
these evolving therapies are increasing the proportion of patients surviving without the need for
mechanical ventilation, the secondary endpoints of this trial (e.g., the time to improvement in the NIAID
[National Institute for Allergy and Infectious Diseases] ordinal score) will become essential in providing a
measure of drug effect on recovery.  This identical strategy was utilized by the National Institutes of
Health (NIH) in the assessment of remdesivir’s activity.  

The end goal of this trial is to demonstrate an additive benefit when DSTAT is added to current standard
of care therapeutic treatments.  The development of new treatments is essential to effectively mitigate
the morbidity and mortality in patients, by minimizing hospital stays, and ensuring the functionality of
hospital wards and critical care units.  
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Figure 1

Potential of DSTAT in COVID-19. Moderate to severe COVID-19 manifests with excessive inflammation,
infiltration of activated immune cells into the lungs and coagulation disorders (e.g., clot formation) in the
blood and tissues. DSTAT has the potential to prevent and mitigate these severe effects of SARS-CoV-2
infection by inhibiting several pathogenic pathways. Abbreviations: DSTAT = dociparstat sodium; HMGB1
= high mobility group box protein 1; IL-6 = interleukin-6; MCP-1 = monocyte chemoattractant protein-1;
NETs = neutrophil extracellular traps; PF4 = platelet factor 4;
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Figure 2

CMX-DS-004 Study Schematic. All participants receive randomized treatment for 7 days and are followed
through Day 28. Phase 2, Cohort 2 and Cohort 3 continuous infusion dose will be confirmed after review
of data by an independent Data Monitoring Committee (DMC) from prior cohort(s). Phase 3 continuous
infusion dose will be the same as administered in Phase 2, Cohort 3.


