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ABSTRACT

Introduction COVID-19 induces venous, arterial

and microvascular thrombosis, involving several
pathophysiological processes. In patients with severe
COVID-19 without macrovascular thrombosis, escalating
into high-dose prophylactic anticoagulation (HD-PA)

or therapeutic anticoagulation (TA) could be beneficial

in limiting the extension of microvascular thrombosis

and forestalling the evolution of lung and multiorgan
microcirculatory dysfunction. In the absence of data from
randomised trials, clinical practice varies widely.
Methods and analysis This is a French multicentre, parallel-
group, open-label, randomised controlled superiority trial

to compare the efficacy and safety of three anticoagulation
strategies in patients with COVID-19. Patients with oxygen-
treated COVID-19 showing no pulmonary artery thrombosis
on computed tomography with pulmonary angiogram will be
randomised to receive either low-dose PA, HD-PA or TA for

14 days. Patients attaining the extremes of weight and those
with severe renal failure will not be included. We will recruit
353 patients. Patients will be randomised on a 1:1:1 basis,
and stratified by centre, use of invasive mechanical ventilation,
D-dimer levels and body mass index. The primary endpoint is
a hierarchical criterion at day 28 including all-cause mortality,
followed by the time to clinical improvement defined as the
time from randomisation to an improvement of at least two
points on the ordinal clinical scale. Secondary outcomes
include thrombotic and major bleeding events at day 28,
individual components of the primary endpoint, number of
oxygen-free, ventilator-free and vasopressor-free days at day
28, D-dimer and sepsis-induced coagulopathy score at day 7,
intensive care unit and hospital stay at day 28 and day 90, and
all-cause death and quality of life at day 90.
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Strengths and limitations of this study

» This randomised controlled trial may contribute to
establish solid recommendations with a high level
of evidence on the best anticoagulation strategy
to limit the extension of microvascular thrombosis
and to forestall the evolution of lung and multiorgan
microcirculatory dysfunction in patients with severe
COVID-19 without initial macrovascular thrombosis.

» Eligibility criteria differ from those retained by previ-
ous published studies on anticoagulation strategies
in patients with COVID-19 given the systematic pre-
randomisation screening for macrothrombosis and
the exclusion of obese and renal failure patients to
minimise baseline bleeding risk.

» One limitation of the trial is that it is not blinded.

Ethics and dissemination The study has been approved by
an ethical committee (Ethics Committee, lle de France VI, Paris,
France; reference 2020-A03531-38). Patients will be included
after obtaining their signed informed consent. The results will
be submitted for publication in peer-reviewed journals.

Trial registration number NCT04808882.

INTRODUCTION

Background and rationale

COVID-19, a respiratory viral infection
caused by SARS-CoV-2, may predispose
patients to  thrombotic ~ complication’
incurred by a combination of intense inflam-
mation, platelet activation and endothelial
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dysfunction leading to respiratory distress and high
mortality.(z_4

The incidence of macrovascular thrombotic events
varies from 10% to 30% in COVID-19 hospitalised
patients depending on the type of thrombosis, arte-
rial or venous, and the severity of the illness.”™* Based
on observational data of patients receiving routine low-
dose prophylactic anticoagulation (LD-PA), several insti-
tutions released guidance statements recommending
escalated anticoagulant doses to prevent macrovascular
thrombotic events.” ® In these recommendations, high-
dose PA (HD-PA) and therapeutic anticoagulation (TA)
can be employed either empirically or based on various
criteria like body mass index or D-dimer concentra-
tion.”” However, other conflicting recommendations
challenge this approach.®®

Microvascular thrombotic events are another major
concern in COVID-19 patients. A large review screened
the autopsy findings of COVID-19-related deaths and
reported the presence of microthrombi in small pulmo-
nary vessels.” COVID-19-induced endothelitis and
coagulopathy across vascular beds of different organs
precipitate widespread microvascular thrombosis.” '* !
Thus, in critically ill COVID-19 patients without initial
macrovascular thrombotic event, HD-PA or TA could
be beneficial in limiting the extension of microvascular
thrombosis and forestalling lung and multiorgan micro-
circulatory dysfunction.

To date, no randomised clinical trial has evaluated
the best anticoagulation strategy in patients with severe
COVID-19, in whom an initial macrovascular thrombotic
event is systematically excluded. It seems important to
rationalise and compare anticoagulation strategies in this
population.

Hypothesis

Our hypotheses are formulated in patients who have
severe COVID-19 pneumonia and are macrovascular-
thrombosis free to assess: (1) First, that TA and HD-PA
strategies mitigate microthrombosis, and each thwarts
COVID-19 progression to respiratory failure and multi-
organ dysfunction, thus decreases mortality and disease
duration, as compared with LD-PA; (2) second, that TA
outperforms HD-PA in this setting.

Objectives

Primary objective

The main objective is to compare the efficacy of the three
strategies (LD- PA, HD-PA and TA) in reducing mortality
and time to clinical improvement.

Secondary objectives

The secondary objectives are to compare the benefits and
risks of the three strategies (LD-PA, HD-PA and TA) in
terms of: (1) mortality, morbidity and organ dysfunction;
(2) thrombotic events, bleeding events and net clinical
benefit.

Ancillary study

An ancillary study will assess clinical and biological char-
acteristics of severe COVID-19 pneumonia with or without
pulmonary embolism to establish a scoring system for
COVID-19-related pulmonary embolism diagnosis.

METHODS AND ANALYSIS

Trial design

This is a French multicentre, parallel-group, open-label,
randomised controlled superiority trial to compare the
efficacy and safety of three anticoagulation strategies
(LD- PA, HD-PA and TA) in patients with COVID-19
pneumonia. The trial protocol follows the Standard
Protocol Items: Recommendations for Interventional
Trial (SPIRIT) reporting guidelines.

Study setting

The study will be conducted in 31 units (23 intensive care
units (ICUs) and 8 conventional hospital wards) in 23
hospitals in France (list of the study sites in online supple-
mental appendix A).

Eligibility criteria

Inclusion criteria

Adult patients (age 218 years) admitted to hospital will be

eligible as soon as they meet all of the following criteria:

» Severe COVID-19 pneumonia, defined by: (1) new
pulmonary parenchymal infiltrate and (2) positive
Reverse Transcription (RT)-PCR (either upper or
lower respiratory tract) for SARS-CoV-2 and (3) WHO
ordinal scale 25.12;

» Provide written informed consent as per the French
law (patient, next of kin or differed consent if an
€mergency case).

Non-inclusion criteria

Patients presenting any of the following criteria will not

be included:

» Pregnant or breastfeeding women.

» Post partum (6 weeks).

» Attaining the extremes of body weight (<40 kg or >100
kg).

» Hospital admission of more than 72 hours (if the
WHO ordinal scale is 5 at the time of inclusion) or
ICU admission of more than 72 hours (if the WHO
ordinal scale is 6 or more at time of inclusion).

» Clinical need for TA.

» Bleeding related to haemostasis disorders, acute clini-
cally significant bleeding, presence of active gastroin-
testinal ulcer or any organic lesion with high risk for
bleeding.

» Platelet count <50 x 10A9/L.

» Within 15 days of recent surgery, within 24 hours of
spinal or epidural anaesthesia;

» A history of intracranial haemorrhage, large acute
ischaemic stroke, known intracranial malformation
or neoplasm, acute infectious endocarditis.
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» Severe renal failure (creatinine clearance <30 mL/
min).

» Jodine allergy.

» Hypersensitivity to heparin or its derivatives including
low-molecular-weight heparin (LMWH).

» A history of type II heparin-induced thrombocyto-
paenia (HIT).

» Chronic oxygen supplementation.

» Moribund patient or death expected from an under-
lying disease during the current admission.

» Patient deprived of liberty and persons subject to
institutional psychiatric care.

» Patients under guardianship or curatorship.

» Participation in another interventional research on
anticoagulation.

Intervention

All patients hospitalised with a positive RI-PCR (either
upper or lower respiratory tract) for COVID-19 (SARS-
CoV-2) in the participating centres will be systematically
screened every day looking for inclusion and non-
inclusion criteria. The number of patients who do not
meet the inclusion criteria will be reported prospectively
in a paper register by each of the participating centres.
A patient identification number as well as the reason
for non-inclusion will be noted (local register of non-
inclusion in each of the concerned centres).

Inclusion (DO) is performed as soon as possible, within
72 hours of hospital admission (if the WHO ordinal scale
is b at time of inclusion,lQ) or within 72 hours of ICU
admission (if the WHO ordinal scale is 6 or more at time
of inclusion'?).

Chest CT with pulmonary angiogram (CTPA) should
be performed within 72 hours before (or up to 24 hours
after) inclusion; If CTPA is performed within 7 days of
inclusion and the likelihood of pulmonary artery throm-
bosis is deemed unchanged by the clinician, the result
of that CTPA might be considered at time of inclusion
(figure 1).

» If the CTPA reveals pulmonary artery thrombosis, the
patient will receive TA following current guidelines'
and will not be randomised.

» If the CTPA does not show pulmonary artery throm-
bosis, the patient will be randomised to receive either
LD-PA, HD-PA or TA for 14 days (or until hospital
discharge or weaning of supplemental oxygen for
48 consecutive hours, whichever comes first). If the
patient has no pulmonary artery thrombosis but
presents clinical signs of deep venous thrombosis at
inclusion, complete duplex ultrasound (CDUS) of the
lower extremities will be performed.'* If the CDUS
demonstrates deep venous thrombosis, the patient
will receive TA according to current guidelines and
will not be randomised; if the CDUS is negative, the
patient will be randomised.

LD-PA, HD-PA and TA will be initiated immediately in
all patients after randomisation using LMWH, tinzaparin
at a dose of 3500 IU/24 hours, 7000 IU /24 hours or 175
IU/kg/24 hours, respectively. If tinzaparin is not available,
enoxaparin can be used at a dose of 4000 IU/24 hours,
4000 IU/12 hours and 100 IU/kg/12 hours, respectively.

In case renal failure (creatinine clearance <30 mlL/
min) happens after randomisation or if a patient needs

Eligibility
criteria

Registry of non
— included
patients

Incluston

Within 72 hours before

Gk of 24 hours after inclusion
I
[ 1
No pulmonary Pulmonary
embolism embolism
Stratified on need for intubation, D- Randomiss No
dimerlevels, and body mass index. ARSIl C randomization
|
1 1 1 I
Low dose- High dose- : Therapeutic
p_rohylaf:tit; p.rohylaf:tig ﬂnl;:g:g:::"i‘;" anticoagulation
14 day {14 days) (14 days) il

Figure 1 Experimental schema.
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invasive, high bleeding risk procedure, better replace
LMWH by a continuous intravenous infusion of unfrac-
tioned heparin as follows: (1) LD-PA: 100 IU/kg/24
hours; (2) HD-PA: 200 IU/kg/24 hours; (3) TA: 500
IU/kg/24 hours, adapted to the anti-Xa activity (target
between 0.3 and 0.6 IU/mL) as per current guidelines.

After day 14, or hospital discharge, or in case TA is
clinically indicated, or serious anticoagulation-related
adverse event occurs, the trial anticoagulation strategy
will be discontinued. Pursuing further anticoagulation
treatment will be left at the discretion of the attending
physicians.

In all groups, current recommendations for the
management of COVID-19 pneumonia will be followed,
including the use of dexamethasone.'

Criteria and procedures of premature withdrawal of a participant

from the study

In compliance with the conventional management of

severe COVID-19 pneumonia, anticoagulation will be

discontinued if one of the following happens:

» Major bleeding event (MBE) according to the Inter-
national Society on Thrombosis and Haemostasis
(ISTH) definition.

Large acute ischaemic stroke.
Skin necrosis at the injection site.
Type II HIT.

Allergic reaction.

Hospital discharge prior to day 14.

The TA strategy will be temporarily interrupted if any

of the following conditions arises before terminating the

treatment period (14 days from randomisation); the study
drug will be resumed at least 6 hours after the resolution
of the anomaly:

» Clinical indication for TA.

» Indication for lumbar puncture, spinal or epidural

anaesthesia.

» Indication for surgery.

VVYYVYy

Follow-up visits

The trial clinical examination is part of the daily prac-
tice. Parameters collected in the study are those usually
collected during the management of patients with severe
COVID-19 pneumonia. The trial follow-up visits are at day
7, day 28 and day 90.

If the patient is still hospitalised at day 28 and day 90,
data will be collected from the patient’s medical records
with the possible assistance of a clinical research techni-
cian (CRT). If the patient is discharged:

» The CRT will collect the medical records from the
clinical departments where the patient stayed; these
will be analysed by the investigator who included the
patient.

» The CRT will collect data on the patient’s vital status
and occurrence of serious adverse events during the
follow-up period:

- (If necessary) telephone the patient (three differ-
ent attempts, days and times over 15 days).

- (Ifnecessary) telephone the physician in charge of
the patient during the follow-up period.

- (If necessary) telephone the patient’s treating or
referring physician(s).

- (If necessary) contact the town hall of the patient’s
birthplace.

Endpoints

Primary endpoint

The primary endpoint is a hierarchical criterion assessed
at day 28 and includes all-cause mortality followed by the
time to clinical improvement. It is calculated in such a
manner that death constitutes a worse outcome than
delay of clinical improvement.

The time (days) to clinical improvement is defined as
the time from randomisation to an improvement of at
least two points (from the status at randomisation), using
a seven-category ordinal scale derived from the WHO
recommended instrument,12 as proposed by Coa et al'®
(table 1). Since all included patients will at least require
oxygen supplementation, live discharge from hospital will
represent in itself a 2-point decrease in the 7-point scale,
that is, clinical improvement.

Secondary endpoints
Secondary endpoints will include the following:
» Efficacy on morbi-mortality and organ function
- Individual components of the hierarchical primary
endpoint, including time to clinical improvement
and all-cause death at day 28.
- All-cause death at day 90.

Table 1 Seven-category ordinal scale derived from the who recommended instrument (proposed by Coa et al'®)

Status of patient Description Points

Not hospitalised Resumption of normal activities 1
Unable to resume normal activities 2

Hospitalised Not requiring supplemental oxygen 3
Requiring supplemental oxygen 4

Intensive care unit Requiring nasal high-flow oxygen therapy, non-invasive mechanical ventilation or both 5
Requiring invasive mechanical ventilation, Extracorporeal membrane oxygenation (ECMO) or both 6

Death Death 7

4 Labbe V, et al. BMJ Open 2022;12:2059383. doi:10.1136/bmjopen-2021-059383



Table 2 Sepsis-induced coagulopathy score®®

Variable Points
INR <1.2 0
>1.2t0 1.4 1
>1.4 2
Platelet count, x10° /L >150 0
100 to <150 1
<100 2
Total SOFA score* 0 0
1 1
>2 2

*Summation of the SOFA respiratory, cardiovascular, hepatic and
renal score components.

INR, International Normal Ratio; SOFA, Sequential Organ Failure
Dysfunction.

- Score on WHO ordinal scale and 7-point ordinal
scale at day 28.

- D-dimers and Sepsis-Induced Coagulopathy Score
(see detailed definition in table 2) at day 7.

- Percentage of patients needing invasive mechani-
cal ventilation at day 28.

- Number of days alive and supplemental oxygen-
free at day 28.

- Number of days alive and mechanical ventilator-
free at day 28.

- Number of days alive and vasopressor-free at day
28.

- Length of ICU stay at day 28 and day 90.

- Length of hospital stay at day 28 and day 90.

- Quality of life assessed using a quality-of-life ques-
tionnaire (EuroQol 5-Dimension 5-Level, EQ-5D-
5L)'" at day 90.

» Efficacy on thrombotic events: percentage of patients
with at least one thrombotic event at day 28, including
ischaemic stroke, non-cerebrovascular arterial throm-
botic event, deep venous thrombosis, pulmonary
embolism or central venous catheterrelated deep
venous thrombosis.

» Tolerance to anticoagulation
- Percentage of patients with at least one MBE at day

28, according to the ISTH definition.

- Percentage of patients with at least one life-
threatening bleeding event at day 28 according to
the Randomized Evaluation of Long-term antico-
agulant therapY (RE-LY) definition.

- Percentage of patients with any bleeding event,
whether major or minor, at day 28, with minor
bleedings being all non-MBE.

- Percentage of patients with HIT at day 28.

Classification of the severity of thrombotic and bleeding
events will be carried out by an independent adjudication
committee.

Sample size and its statistical justification

The required number of participants to be randomised
is 300 patients (from 353 included). Estimates, derived
from prior studies led in similar populations,16 showed
that a sample of at least 300 patients (100 per group)
suffices to achieve 280% power that is required to detect a
statistically significant difference in the ranked composite
primary endpoint. The analyses rely on two-sided alpha
of 0.017 using Bonferroni correction for multiple testing
considering three pairwise comparisons between the
randomised arms. Sample size calculation assumed
having day 28 mortality of 24%, 21% and 18%, and time
to clinical improvement of 16+3 days (SD), 14+3 days
and 12+3 days, with LD-PA, HD-PA and TA, respectively.
We hypothesise that the rate of positive CTPA would be
15%."" Y For such, we aim to include 353 patients in
order to randomise 300.

Sample size calculation also considered the pairwise
comparisons between the groups. For each performed
comparison, 5000 samples were simulated using R soft-
ware. For the first component of the hierarchical primary
endpoint (mortality), survival curves were simulated
based on a Weibull distribution using the R package
simsurv. For the second component of the hierarchical
primary endpoint (time to clinical improvement)
assessed in alive patients, two different approaches,
taking into account the distribution of this parameter,
were used to test the robustness of results in relation with
the retained hypotheses. First, a normal distribution was
hypothesised with means+SD of 16+3, 14+3 and 12+3 days
in LD-PA, HD-PA and TA, respectively. Second, incidence
curves of clinical improvement were simulated based on
Weibull distribution using the R package simsurv, with
survival medians of 16, 14 and 12 days in LD-PA, HD-PA
and TA groups, respectively. With both approaches, 5%
of patients were systematically identified through simu-
lation as alive patients at day 28 but without achieving
clinical improvement, which is consistent with Cao et
al.'® SD and mean number of days to clinical improve-
ment, as well as shape and scale parameters of Weibull
survival curves simulations were determined from the
study of Cao et al.'® considering median (IQR) survival
time and Kaplan-Meier curves. Within each sample/
pairwise comparison, an individual score is calculated by
comparing each patient in one group with all patients in
the second group (23). These scores are then compared
between groups using Mann-Whitney/Wilcoxon test in
each of the 5000 samples, and the p value of each test is
recorded. For each pairwise comparison, the percentage
of tests with a p<0.017 is calculated, which gives an esti-
mate of the achieved statistical power.

Recruitment

The expected duration of patients enrolment is 18
months starting from April 2021. The chronogram of the
study is as follows: (1) December 2020: winning industrial
grant award; (2) December 2020: promotion by Assis-
tance Publique-Hopitaux de Paris (AP-HP); (3) March
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2021: approval by an independent ethics committee; (4)
April 2021-October 2022: inclusion of patients; (5) 2022—
2023: end of inclusions, monitoring by the participating
centres and research work by the investigators; cleaning
and closure of the database; blind review to screen for
protocol violation, to define intention-to-treat (ITT) and
per-protocol (PP) analysis populations; (6) 2022-2023:
data analysis, writing the manuscript and submission for
publication.

Allocation of intervention and data management

After signing the consent by the patient or their relative,
all inclusion/exclusion criteria will be checked by the
investigator before randomisation. Centralised blocked
randomisation on the basis of a 1:1:1 ratio will be prepared
by the Clinical Research Unit before the start of the trial.
Randomisation will be carried out in balanced blocks
and stratified by hospital centre and according to the
following criteria at inclusion: need for intubation (yes or
no), D-dimer levels (more or less than 3 pg/mL) and body
mass index (more or less than 30 kg/m2). Patients will be
randomised electronically on logging to the centralised
electronic case report form (e-CRF) website ‘Cleanweb’
provided by Telemedicine technologies.

Non-identifying data will be entered into the e-CRF viaa
web browser by a trained investigator or research assistant
at each centre. The participating centres have access to
e-CRF formsviaaweb-based data collection system (unique

identification and password by user). Patients’ follow-up
and work schedule are detailed in the study Gantt chart
(table 3). The e-CRF was devised by the principal investi-
gator and the scientific supervisor of the study in collabo-
ration with the data manager of the clinical research unit,
Henri Mondor Hospital AP-HP. CRF and data dictionary
(containing variables coding and definitions) are saved
and archived in the clinical research unit—Henri Mondor
secured servers. Paper CRF are available in the documen-
tation provided at each site. eCRF (CleanWeb Telemede-
cine) uses the secured computer servers of AP-HP. The
computer files used for this research are implemented
in compliance with the French (amended ‘Informa-
tique et Libertés’ law governing data protection) and
European (General Data Protection Regulation, GDPR)
regulations. The sponsor already obtained authorisation
of CNIL (French Data Protection Agency) before imple-
menting any data processing involving data required for
this research (Ref..MLD/MFI/AR215255 AUTORISA-
TION). Database quality control is undertaken by Data
manager of the clinical research unit—Henri Mondor
Hospital, AP-HP (missing data, range checks on quanti-
tative values, date chronology check; R-Project computer
programming) and put at the disposal of the investiga-
tion team. Data management procedures are validated by
the clinical research nit quality specialist and recorded in
their secured servers and on paper.

Table 3 Study Gantt chart (work schedule)

Day 15-28 Day 90

Procedures and assessments Day 0 Day 1 (or hospital +10 days
(C=care; R=research) (inclusion) (randomisation) Day 7 Day2-14 discharge) (end of study)
Inclusion and non-inclusion criteria R
Enrolment

Informed consent R

CTPA C
Intervention

Low-dose prophylactic anticoagulation strategy C C

High-dose prophylactic anticoagulation strategy C C

Therapeutic anticoagulation C C
Assessments

Characteristics of the patient* C

Seven-category ordinal scale and its componentst C C C

D-dimers and platelet count C C C

Sepsis coagulopathy score and its componentsi C C

Adverse event C C C R

ICU stay and hospital stay R R

Vital status C C C R

*Characteristics of patients include age, gender, height, weight, severity score indicated by the Simplified Acute Physiological Score Il and the
Sepsis-related Organ Failure Assessment score, pre-existing conditions (chronic cardiovascular, respiratory, renal, liver or gastric diseases, arterial
hypertension, diabetes mellitus, thrombotic or bleeding event, stroke, neoplasia, positive serology for HIV, solid-organ transplantation), treatments of

COVID-19 at baseline, baseline organ support.
tDerived from the WHO scale.™

FInternational normal ratio, platelet count, Sepsis-related Organ Failure Assessment score.®®

CTPA, CT with pulmonary angiogram; ICU, intensive care unit.
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Statistical methods

All analyses will be performed by the study statistician
according to a predefined statistical analysis plan, using
Stata V.16.1 (StataCorp) and R V.4.0.3 (R Foundation
for Statistical Computing, Vienna, Austria). A two-tailed
p<0.05 should indicate statistical significance.

In compliance with the SPIRIT statement, a flow diagram
will describe the progress of the three groups of patients
throughout the different phases of the trial (enrolment,
allocation, received interventional agents, follow-up and
data analysis). The analysis will be performed on an ITT
basis. In case of premature interruption or withdrawal
from the study, patients will not be substituted. Missing
values will be described and, according to their nature and
frequency, multiple imputation methods will be applied.
A PP analysis will be conducted as the trial sensitivity anal-
ysis since it excludes patients wrongly randomised or who
did not receive the allocated intervention.

Comparative analysis will systematically be done with
(main analysis) and without adjustment for randomi-
sation stratification factors. There is no intention to
perform interim analysis. The primary endpoint analysis
will be done on the ITT population whereas supportive
analyses on the PP population. The latter aim is to inves-
tigate PP-excluded patients and their impact on ITT anal-
ysis, and eventually to check whether similar results can
be obtained for a robust interpretation. All secondary
endpoints analyses will be conducted on both ITT and PP
populations to assess the robustness of the results.

Descriptive analysis

Descriptive statistical analyses will be conducted on the
whole study population, in particular the randomised
groups to describe their general and baseline charac-
teristics, demographics, history, as well as numbers of
premature study withdrawals. Quantitative variables will
be presented as mean (+SD) or median (25-75th percen-
tiles) according to the normality of their distribution as
assessed by Shapiro-Wilk tests and graphical methods.
Qualitative variables will be presented as numbers (%).

Analysis of the primary endpoint

The prespecified primary endpoint will be a ranked
composite score that incorporates death and time to
clinical improvement, calculated in such a manner that
death constitutes a worse outcome than delayed clinical
improvement. Each patient will be compared with every
other patient in the study and assigned a score (equality:
0, win:+1, loss: —1) for each pairwise comparison based
on who fared better. If a patient survived and the other
did not, the first will be attributed +1 and the latter —1
for that pairwise comparison. If both patients in the pair-
wise comparison survived, the scoring will depend on who
needed more time (days) to clinically improve: fewer days
mean a score of +1, and more days mean a score of —1. If
both patients survived and had the same number of days
to clinical improvement, or if both patients died, both will
score 0 for that pairwise comparison. For each patient,

scores of all pairwise comparisons will be summed to
obtain a cumulative score. These cumulative scores will
be ranked and compared between the three groups via
non-parametric Mann-Whitney test.

Analysis of secondary endpoints

Comparisons between randomised groups at given time-
points will be conducted using x* or Fisher exact tests,
according to expected numbers in crossings, for cate-
gorical variables, and using t-test or non-parametric
Mann-Whitney test (pairwise comparisons), and analysis
of variance or Kruskal-Wallis tests (comparisons of >2
groups) for quantitative variables, as appropriate. Pair-
wise comparisons within groups (across timepoints)
will be conducted using tests for paired data, that is,
McNemar test for qualitative data, and t-tests for paired
data or Wilcoxon signed ranks for continuous data, as
appropriate.

Individual components of the composite primary
endpoint will be assessed as secondary endpoints, and
those include all-cause mortality at day 28 and number
of days to clinical improvement. For such, calcula-
tion of time-to-event endpoints based on follow-up
censored data will be employed, taking into account
the competing risks of hospital discharge (for mortality
evaluation) and death (for time to clinical improve-
ment). Kaplan-Meier survival curves and cumulative
incidence curves will be plotted for each treatment
group, and Fine-Gray regression model will be used to
calculate sub-HRs along with their 95% ClIs and corre-
sponding p values.

Analyses of independent determinants of quantitative
secondary endpoints will be performed using multivari-
able linear regression model adjusting for baseline char-
acteristics. As for global longitudinal analysis, we will use
generalised linear regression mixed model to test inter-
actions between timepoints, groups and prespecified
predictors while entering patient level as a random effect
to take into consideration the hierarchical structure of
repeated data.

Tolerance analysis will examine the intervention-related
adverse events, according to their period of appearance
and the concerned randomised group, to compare rates
and time of occurrence.

Data monitoring

The trial steering committee (principal investigator,
senior investigator and methodologist) will supervise the
progression and monitoring of the study. Research assis-
tants will regularly monitor all centres on site to check
protocol adherence and accuracy of the recorded data.
An investigator at each centre will be responsible for
daily patient screening, patient enrolment, adherence
to protocol and completion of the eCRF. Since the three
treatment strategies are currently used in routine prac-
tice, no data safety monitoring board was required by the
ethical committee.
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Patient and public involvement
Patients and/or the public were not involved in the devel-
opment of this study.

ETHICS AND DISSEMINATION

Ethical approval

The study has been approved by an independent ethics
committee (Ethics Committee, Ile de France VII, Paris,
France) under the registration number 2020-A03531-38.

Consent to participate

Patients will be included after signing a written informed
consent (online supplemental appendix B). If the patient
is not able to understand the information given in the
consent, they can be included if a next of kin consents
or helps obtain the consent. Eligible patients unable to
receive information and for whom a substitute decision-
maker is not present, can still be included through a
process of deferred consent. After recovery, the patient’s
agreement to stay in the trial will be sought.

Confidentiality

Data will be handled according to the French law on data
protection and the European GDPR. All original records
will be archived at the trial sites for 15 years.

Funding and sponsorship

This study was funded by a grant from LEO Pharma. The
sponsor is AP-HP (Délégation a la Recherche Clinique et
a I'Innovation).

Access to data

Investigators will make the documents and individual
data required for monitoring, quality control and audit
of the study available to dedicated persons, in fulfilment
with the law.

Dissemination policy

Findings will be published in peerreviewed journals
and presented at national and international meetings.
Communications, reports and publication of the results
of the study will be placed under the responsibility of the
principal investigator—coordinator of the study and the
steering committee. Reporting will adhere to the SPIRIT
statement, and rules of publication will follow the inter-
national recommendations as for The Uniform Require-
ments for Manuscripts (ICMJE, April 2010) (SPIRIT
checklist, online supplemental appendix C).

DISCUSSION

Currently, there are no randomised controlled trials
investigating the best anticoagulation strategy to manage
microvascular thrombosis and to hinder the evolution
of lung and multiorgan microcirculatory dysfunction in
patients with COVID-19 without initial macrovascular
thrombosis.

Recent trials have studied various anticoagulation strat-
egies using heparin in COVID-19 patients.” In the Iranian
INSPIRATION trial,” Sadeghipour et al compared the
efficacy of standard LD-PA (40 mg enoxaparin once a
day) with weight-based, higher dose-PA (1 mg/kg enox-
aparin) in severe COVID-19 patients admitted to ICU.
Higher dose-PA did not result in a significant difference
in the primary outcome (a composite of adjudicated
venous or arterial thrombosis, indication for extracorpo-
real membrane oxygenation, or mortality within 30 days),
as compared with the standard-dose PA. Additionally,
the risk of bleeding was similar between the two groups.
An international, multiplatform, randomised clinical
trial combined data from patients who had already been
enrolled in a conventional randomised trial (ACTIV-4a)
and in two response-adaptive randomisation trials
(REMAP-CAP and ATTACC). They found that the poten-
tial benefits and risks of TA versus standard PA (at a lower
or higher dose based on local practice) depended on the
initial severity of patients.”' ** In critically ill patients, TA
did not improve the primary outcome of organ support—
free days at day 21 and was associated with more major
bleedings (3.8% vs 2.3%) as compared with PA.** In non-
critically ill patients, TA appeared to increase the proba-
bility of survival to hospital discharge with reduced use
of cardiovascular or respiratory organ support. However,
major bleeding occurred in 1.9% of the patients receiving
TA and in 0.9% of those receiving PA.*!

Our ANTICOVID study differs from these studies in
several methodological and clinical aspects. The inclusion
criteria differ as CTPA is systematically (ANTICOVID) vs
non-systematically (INSPIRATION, REMAPCAP, ACTIV-4,
ATTACC) performed to exclude macrothrombosis,
which is de facto an indication for curative anticoagula-
tion. By excluding macrothrombosis before randomisa-
tion, ANTICOVID will provide an answer to the specific
question of microthrombosis. On the other hand, and in
contrast to other trials, ANTICOVID explicitly excludes
patients with renal failure (creatinine clearance <30 mL/
min), which has been entangled as an independent risk
factor for bleeding in critically ill patients requiring TA.*
Additionally, ANTICOVID excludes patients attaining the
extremes of body weights, for whom LMWH dosage has
not been assessed. In particular, obese patients, since they
have a lower proportion of lean body mass in relation
to their big total body weight. As a result, determining
LMWH dosage based on total body weight could cause
supra-therapeutic anticoagulation.”* ANTICOVID will
allow evaluation of anticoagulation dose escalation in a
population with a minimal baseline bleeding risk. Even-
tually, our study is the only one to investigate in separate
arms, lower and higher prophylactic doses, and compare
them with curative anticoagulation. For all of the above,
ANTICOVID trial is needed in order to explore the lowest
effective dose (given the bleeding risk of anticoagulation)
and to answer the key question of dose escalation antico-
agulation in COVID-19 patients without initial macrovas-
cular thrombosis.
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Our study has several limitations. Anticoagulation
assignment was open-label given the overburdened,
resource-limited healthcare system during the pandemic.
Time to clinical improvement, the second component
of the hierarchical primary endpoint, may be too subjec-
tive, thus liable to performance bias. Detection bias
could occur if potential events (especially incidental
thromboses) were less likely to be investigated in patients
receiving TA than in those receiving LD-PA or HD-PA.
The opposite could be true for bleeding events. Reporting
bias is unlikely for the primary outcome given that (1) all
cause death is objective and (2) ICU hospitalisation and
type of ventilatory support determining time to clinical
improvement are unambiguously supported by medical
records. Nonetheless, an independent clinical events
committee will blindly adjudicate all relevant outcomes.
Both ICU and non-ICU patients are eligible, so our future
results should not be compared directly to those of other
trials limited only to critically ill patients or to non-ICU
patients. We will not include obese patients and patients
with renal failure, which limits the generalisability of the
results to all COVID-19 inpatients. Finally, we will not take
into account symptoms duration in the analysis neither
quantify microvascular thrombosis on CTPA.

In summary, ANTICOVID trial is an open label
randomised controlled trial testing the efficacy of three
routinely used anticoagulation strategies (LD-PA, HD-PA
and TA) in limiting the extension of microvascular throm-
bosis in severe COVID-19 patients without initial macro-
vascular thrombosis. The trial targets a well-selected
population (notably at lower risk of bleeding), with a
suitable primary objective and experimental design, to
provide a robust response (lowest effective dose with
respect to the bleeding risk of anticoagulation). There-
fore, this trial may help establish international recom-
mendations with a high level of evidence for the efficacy
and safety of anticoagulation dose escalation needed to
improve outcomes in severe COVID-19 patients.
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