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oronavirus disease 2019 (COVID-19) has been associated with

significant risk of thromboembolic events, particularly among

hospitalized patients with elevated D-dimer levels."? Recently, the
COVID-19 Registry (CORE-19) study found that discharge anticoagulants
were associated with a substantial decrease in the risk of thromboembolic
disease or death in the post-discharge period.* However, controversy
has persisted around the optimal anticoagulation strategies. The
HEP-COVID phase Il trial (Full dose heparin vs. prophylactic or
intermediate dose heparin in high risk COVID-19 patients; ClinicalTrials.
gov identifier: NCT04401293) aimed to investigate the optimal dosage
of low molecular weight heparin (LMWH) in hospitalized patients with
COVID-19 and high thromboembolic risk.*

In an expert interview, Alex Spyropoulos, who designed and led this
study, discusses the study aims, design and findings, which have led
to a paradigm shift in the care of high-risk hospitalized patients with
COVID-19.

Q. What were the aims, design and patient
population of the HEP-COVID trial?

The HEP-COVID trial was designed to answer the following question:
could high-risk hospitalized patients with COVID-19 (i.e. those at risk of
major thromboembolic events and death) benefit from a therapeutic
dose of thromboprophylaxis of anticoagulation or standard-of-care
doses of heparin? It used a typical thromboprophylactic clinical trial
design. Other trials have addressed the question of whether therapeutic
anticoagulation is beneficial as an add-on treatment to reduce the disease
severity of COVID-19 in hospitalized patients. HEP-COVID tried to answer
a different question about whether therapeutic doses of anticoagulation,
using an agent that is well established, have the potential to reduce
thromboembolic outcomes and mortality, compared with standard-of-care
heparin. Another important part of the clinical trial design was that, at the
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time of randomization, we stratified patients as requiring intensive care
unit (ICU) or non-ICU levels of care.

Theinclusion criteria of the trial are unique and very important. Participants
were hospitalized patients with a diagnosis of COVID-19 by nasal swab or
serologic testing. There was a requirement for supplemental oxygen as per
investigator judgement. Very importantly, the D-dimer level was greater
than four times the upper limit of normal, and around 99% of the trial
participants entered the trial based on D-dimer criteria. By using D-dimer
as an entry criterion, we were able to identify a very high-risk group of
patients with COVID-19. In the control group, the baseline incidence of
major thromboembolism and death was almost 42%, which was reduced
10 28.7%. So not only were these participants very high risk, but disease
progression of thromboembolism was modifiable using LMWH. This is
very different to the multi-platform trials and all the other published data
in ICU populations, such as the INSPIRATION trial (Intermediate-dose
vs standard prophylactic anticoagulation and statin vs placebo in ICU
patients with COVID-19; ClinicalTrials.gov identifier. NCT04486508) and
the ACTION trial (Full Anticoagulation Versus Prophylaxis in COVID-19:
COALIZAO ACTION Trial; ClinicalTrials.gov identifier: NCT04394377).5%

Q. What were the findings of the trial?

The primary outcome was major thromboembolism, including venous
thromboembolism, arterial thromboembolism and all-cause mortality, up
to day 30. We also looked at components of the primary outcome, which
included major thromboembolism and all-cause mortality. The secondary
outcomes were a composite of the primary outcome measures, but
during the hospitalization phase of the trial, up to day 14.

The primary outcome in the modified intention-to-treat (mITT) population,
which was the population studied first, and who received at least one
dose of study medication, showed a significant 32% risk reduction in the
composite primary efficacy outcome with a therapeutic dose of LMWH,
compared with institutional standard-of-care heparin, which translated
t0 a 13% absolute risk reduction. The majority of treatment effects were
seen in the non-ICU strata. In the patients stratified to non-ICU care,
there was a significant risk reduction (per protocol) of 54% in the primary
outcome measure for therapeutic dose LMWH, which represented
around a 20% absolute risk reduction, with statistical significance. When
looking at the components of the primary outcome measure, we saw
a very significant, approximately 63% relative risk reduction, a 19%
absolute risk reduction, of major thromboembolism with therapeutic
dose LMWH (p<0.0001). For all-cause mortality, although there were no
significant differences between the two groups, there were numerically
fewer deaths in the therapeutic dose group (25 versus 31; n=56), and
many of these were cardiovascular deaths.

In terms of secondary efficacy outcomes, we also saw a significant
36% relative risk reduction (13% absolute risk reduction) in the
primary efficacy outcome at day 14, i.e. in-hospital days rather than in
the post-discharge phase of the trial. This did not come at a price of
increased bleeding; there were no statistically significant differences
between the groups in terms of major bleeding. In the entire study,
there were eight major bleeding events; two in the standard dose
group and six in the therapeutic dose group. In the non-ICU patients,
there were two major bleeds in each group, i.e. no signal of major
bleeds. In the ICU patients, there were no major bleeds in the standard
dose group, but four in the therapeutic dose group.

In summary, this was a very important trial that definitively answered
the hypothesis that therapeutic dose LMWH reduces thromboembolism

HEART INTERNATIONAL

and death in high-risk hospitalized patients with COVID-19. This was
primarily seen in the non-ICU stratum, and almost all the treatment
effect was driven by a reduction in thromboembolic events. As
mentioned above, this trial population was unique in having such a
high risk of thromboembolic events, which gives us an insight into
the mechanism of thrombosis in these patients. This is a ‘just-in-time’
treatment paradigm, where we identified a high-risk group of patients
that were about to enter cytokine storm, a hyperinflammatory state,
but not as far advanced as the ICU populations, in which patients are so
far advanced in their inflammatory and cytokine storm that increasing
anticoagulation does nothing to alter their disease outcomes.

Q. What is the clinical significance of these
findings?

These findings are exciting, as they have enabled us to identify, for the
first time, a very high-risk subgroup of patients with COVID-19, whose
disease is modifiable using therapeutic dose LMWH. This trial will provide
a new standard of care for thromboprophylaxis in hospitalized patients
with COVID-19. | expect that the relative risk reductions that we saw are
translatable to less acutely ill hospitalized patients with COVID-19, but
not the absolute risk reductions. In terms of absolute risk reductions in
non-ICU patients, we have a number needed to treat (NNT) of 5. This is
something | have never seen in my 25 years as a thrombologist; usually
we would be happy with an NNT of 50-300. The humber needed to harm
in the non-ICU stratum was 2,000. These are incredible numbers, and
demonstrate that the HEP-COVID trial has given us a new paradigm for
primary prevention of thrombosis in hospitalized patients with COVID-19.
This is the first clinical trial using a classical antithrombotic trial design to
show that therapeutic doses of LMWH reduces the composite endpoint
of major thrombosis and death without causing bleeding in high-risk
patients with COVID-19.

Q. What questions remain unanswered and what
future studies are needed?

There is a lot more work to be done in ICU patients. This trial, as well as
the multi-platform trials, have demonstrated clearly that increasing the
intensity of anticoagulation does nothing to improve outcomes in ICU
patients, and also results in huge amounts of harm in terms of major
bleeding. In terms of future studies, we need novel strategies to change
the thrombotic response in patients, such as contact pathway activation
inhibitors, complement activation inhibitors, combination therapy
with antiplatelet and anticoagulants and fibrinolytic drugs. We need
out-of-the-box, forward-thinking paradigms to look at how we can
decrease the thrombotic risk in the ICU population.

Q. What have been the challenges of conducting
a clinical trial during a pandemic?

This has been the most difficult trial | have conducted. To put it in
perspective, we recently finished a global study of 12,000 patients, which
was nowhere near as difficult as conducting this trial during a pandemic.
There was a bias among frontline clinicians to start therapeutic doses
of LMWH, although there was no clinical evidence for its use, so it was
considered unethical to randomize patients during the trial. This was
the first hurdle to overcome. Secondly, even something as simple as the
consent process was a huge challenge, as this is typically done using a
paper form, but we wanted to minimize investigator—patient contact.
Thirdly was the logistics: there was a flow of investigators that were
being constantly redeployed to other hospitals, as well as a constant flow
of patients in and out of other units or to different hospitals during the
course of the trial. This meant that investigators could change on a daily
basis, or patients could be transferred to new facilities every two days.
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Lastly, overcoming the bias of the frontline clinicians caused controversy;
I was on the front page of a New York Times Magazine article entitled
"The Covid Drug Wars That Pitted Doctor vs. Doctor”, where there was
tension between clinical researchers and frontline clinicians.? They were
treating the patient in front of them, whereas | was treating the next

thousand patients that were just like the patient of the frontline clinician,
and we needed both to work. We also need to remember that this was
an extremely high-risk patient group, which we can see by looking at
the all-cause mortality: about 1 in 5 patients died during the course of
the trial. Q
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