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ARTICLE INFO ABSTRACT

Keywords: Introduction: The benefits of early thromboprophylaxis in symptomatic COVID-19 outpatients remain unclear. We
COVID-19 present the 90-day results from the randomised, open-label, parallel-group, investigator-initiated, multinational
SQRS'(;OV.Z OVID phase I1I trial.

F\r/e;?)?s f}sli‘somboembelism Methods: Outpatients aged 50 years or older with acute symptomatic COVID-19 were randomised to receive
Anticoagulation enoxaparin 40 mg for 14 days once daily vs. standard of care (no thromboprophylaxis). The primary outcome
Heparin was the composite of untoward hospitalisation and all-cause death within 30 days from randomisation. Sec-

ondary outcomes included arterial and venous major cardiovascular events, as well as the primary outcome
within 90 days from randomisation. The study was prematurely terminated based on statistical criteria after the
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predefined interim analysis of 30-day data, which has been previously published. In the present analysis, we
present the final, 90-day data from OVID and we additionally investigate the impact of thromboprophylaxis on
the resolution of symptoms.

Results: Of the 472 patients included in the intention-to-treat population, 234 were randomised to receive
enoxaparin and 238 no thromboprophylaxis. The median age was 57 (Q1-Q3: 53-62) years and 217 (46 %) were
women. The 90-day primary outcome occurred in 11 (4.7 %) patients of the enoxaparin arm and in 11 (4.6 %)
controls (adjusted relative risk 1.00; 95 % CI: 0.44-2.25): 3 events per group occurred after day 30. The 90-day
incidence of cardiovascular events was 0.9 % in the enoxaparin arm vs. 1.7 % in controls (relative risk 0.51; 95 %
CI: 0.09-2.75). Individual symptoms improved progressively within 90 days with no difference between groups.
At 90 days, 42 (17.9 %) patients in the enoxaparin arm and 40 (16.8 %) controls had persistent respiratory
symptoms.

Conclusions: In adult community patients with COVID-19, early thromboprophylaxis with enoxaparin did not
improve the course of COVID-19 neither in terms of hospitalisation and death nor considering COVID-19-related

symptoms.

1. Introduction

Coronavirus disease 2019 (COVID-19) caused >6 million deaths to
date and led to a global health crisis. Local inflammatory changes in the
lungs, together with a hypercoagulable state, immune dysfunction,
endothelial injury, and organ failure contribute to the onset of throm-
botic complications [1-3] and the severe clinical course of COVID-19
[4-7].

The efficacy of anticoagulant prophylaxis in the community setting
has been investigated only recently. The ACTIV-4B Outpatient Throm-
bosis Prevention Trial studied the efficacy of the direct oral anticoagu-
lant apixaban (vs. aspirin and vs. placebo) on early clinical outcomes
among outpatients, but could not demonstrate the superiority of
antithrombotic treatments [8]. The randomised, open-label, multina-
tional OVID and ETHIC phase III trials failed to show the superiority of
enoxaparin (vs. no thromboprophylaxis) on early hospitalisations and
deaths. Both trials were terminated prematurely based on the interim
analysis results after the enrolment of 475 and 219 subjects, respectively
[9,10]. A fourth randomised controlled trial showed that rivaroxaban
had no impact on early disease progression, including symptom reso-
lution, in high-risk outpatients with mild COVID-19 symptoms [11].

After the acute phase of COVID-19, up to 10-35 % of outpatients and
85 % of inpatients may develop a post-COVID-19 syndrome (“long
COVID”) [12,13], characterised by fatigue, headache, and dyspnea,
among other symptoms. It is unclear whether early thromboprophylaxis
may improve the course of COVID-19-associated symptoms in the post-
acute phase. We present the results of the predefined 90-day analysis of
the OVID phase III trial investigating whether primary thrombopro-
phylaxis with enoxaparin (vs. no thromboprophylaxis) could reduce
hospitalisations and deaths among ambulatory patients, and accelerate
the resolution of COVID-19-associated symptoms.

2. Patients and methods

The study procedures and design were described previously [9,14].
In brief, OVID was a randomised, open-label, parallel-group,
investigator-initiated phase III superiority trial conducted in Swiss and
German centres between August 2020 and January 2022 (Study Iden-
tifier NCT04492254). This manuscript presents the final results of the
predefined 90-day analysis after completion of follow-up.

This academic trial was funded by public agencies, institutions, and
independent foundations. The study protocol was approved by national,
cantonal, and institutional ethical commissions, as previously detailed
[9,14].

2.1. Study patients

Outpatients with a positive test for SARS-CoV2 in the past five days,
aged 50 years or older, with acute respiratory symptoms or body tem-
perature >37.5 °C, and eligible for ambulatory treatment were

considered for inclusion. Main exclusion criteria consisted of contrain-
dications to anticoagulant treatment, concomitant dual antiplatelet
treatment, or prior major bleeding. The full list of eligibility criteria was
described previously [9,14] and is reported in the Supplementary ma-
terial (Appendix A, Supplementary data).

2.2. Randomisation, masking and procedures

The study intervention was enoxaparin 40 mg/0.4 mL administered
once daily in the ambulatory setting as subcutaneous injection for 14
days. The comparator was the standard of care (no thromboprophy-
laxis). The rationale for study design and procedures were described
previously [9,14]. In brief, eligible participants were randomised in a
1:1 ratio: randomisation was stratified by age group (50-70 vs. >70
years), and study centre and the sequence was computer-generated and
integrated into the electronic data capture software RedCAP (Vander-
bild University, v9.1.24). This task was accomplished by personnel of
the Clinical Trial Unit of the University Hospital Zurich. Prior to ran-
domisation, eligibility criteria, routine vital- and recent laboratory pa-
rameters were evaluated by trained physicians in a single, in-hospital
visit. Patients randomised in the enoxaparin arm underwent the first
injection during the in-hospital inclusion visit; the remaining enox-
aparin doses were administered or self-administered at home. The sus-
pected serious adverse events, study outcomes, vital status, and presence
of symptoms of participants were routinely assessed following a struc-
tured questionnaire during the pre-defined follow-up visits at 3, 7, 14,
30, and 90 days after randomisation. In-hospital visits were organised if
patients presented with signs or symptoms indicating the onset of a
serious adverse event or for any other medical circumstance requiring
immediate attention.

2.3. Study outcomes

The primary outcome was a composite of any untoward hospital-
isation and all-cause death occurring within 90 days after random-
isation. Secondary outcomes included (i) each component of the primary
outcome, (ii) disseminated intravascular coagulation, (iii) hospital-
isation for cardiovascular, pulmonary, or COVID-19-related events, and
(iv) arterial and venous major cardiovascular events occurring within
90 days after enrolment [8]. The latter encompassed myocardial
infarction/myocarditis, pulmonary embolism, deep vein thrombosis,
acute splanchnic vein thrombosis, peripheral arterial ischaemic events,
and ischaemic stroke. The safety outcomes were major bleeding and
non-major clinically relevant bleeding, as defined by the International
Society on Thrombosis and Haemostasis criteria. The full list of study
outcomes, their definitions, and their rationale have been previously
presented and discussed [9,14].

For this 90-day follow-up study, we analysed the changes in the
prevalence of COVID-19-related symptoms in the two study arms over
time. Data on symptoms was prospectively collected by trained study
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personnel at the time of randomisation (baseline visit) and on a routine
basis during the follow-up telephone calls 3, 7, 14, 30, and 90 days after
randomisation. The questionnaire was composed at the time of study
design and included a wide spectrum of signs and symptoms, including
but not limited to respiratory ones. No validation of the questionnaire
was possible as it was drafted in the early summer of 2020 for the scopes
of the study and it did not include a severity scale.

2.4. Statistical analysis

Public data on hospitalisation rate and mortality related to COVID-
19 in Switzerland between March and May 2020 served to estimate
the rate of the primary outcome among adults aged 50 years or older of
15 % under standard of care conditions (no thromboprophylaxis). Based
on previous efficacy data from randomised controlled trials on low-
molecular-weight heparin for primary thromboprophylaxis, we ex-
pected a reduction to the rate of 9 % for the primary outcome under
treatment with enoxaparin, as we postulated venous thromboembolic
events being at the basis of most COVID-19-related complications
[15-17]. Details on sample size calculation are available in [9,14]. We
calculated, that 920 patients (allocated in a 1:1 ratio) would be required
for 80 % power to demonstrate the superiority of enoxaparin vs standard
of care (no thromboprophylaxis), with a 2-sided significance level of 5
%. Based on predefined statistical criteria fulfilled at the time of interim
analysis after 50 % of the study population, the study could be prema-
turely stopped for futility as the probability of observing superiority of
thromboprophylaxis with enoxaparin (vs. no thromboprophylaxis) was
deemed to be too low under the initial assumptions [9,14].

The analysis of the primary outcome was based on a log-binomial
model, including the treatment group and the stratification variable
age group (50-70 vs. >70 years) as independent variables. The estimate
was the adjusted relative risk (RR) of the composite primary outcome in
the enoxaparin group as compared to the standard of care group. Sec-
ondary outcomes were analysed by the log-binomial model, but without
adjustment for the age group, resulting in unadjusted relative risk esti-
mates. All estimates were reported with corresponding 95 % Wald
confidence intervals (CI). The cumulative incidence of the primary
outcome was displayed graphically, taking the event times into account.
The estimated prevalence of signs and symptoms over time was visual-
ised, including pointwise 95 % Wilson CIs. The detailed statistical
analysis has been described previously [9,14]. Statistical programming
was performed with R (version 4.1.1), in combination with dynamic
reporting via Sweave.

3. Results

We pre-screened or screened a total of 3319 subjects and randomised
475 ambulatory patients at nine sites in Switzerland and Germany from
August 2020 through January 2022; Fig. S1 (Appendix A, Supplemen-
tary data). This period elapsed between the second European wave and
the surge of the omicron variant. The final intention to treat (ITT)
population consisted of a total of 472 individuals after the exclusion of
two patients because of consent withdrawal and one who dropped out. A
total of 234 and 238 outpatients were randomised in the enoxaparin and
in the standard-of-care group (no thromboprophylaxis), respectively.
The safety population amounted to 469 patients. The median time be-
tween laboratory confirmation of COVID-19 and randomisation was
three (Q1-Q3: 1-5) days.

The baseline characteristics and demographic data of patients
included in the ITT population are summarised in Table 1. Median age
was 57 (Q1-Q3: 53-62) years, 217 (46 %) patients were women, and 9.5
% of participants received at least one dose of SARS-CoV2 vaccine
(Pfizer-BioNTech or Moderna). Fig. 1 depicts the baseline distribution of
COVID-19-related symptoms in the two groups. Cough and headache
were the most common ones with 306 (64.8 %) and 217 (46.0 %) pa-
tients being affected, respectively. Rhinorrhea was recorded in 212

Thrombosis Research xxx (xxxx) xxx

Table 1
Baseline characteristic.
Overall (n Enoxaparin Standard of Missing
= 472) group (n = care group values
234) (n = 238)

Age, years 57 (53-62) 56 (53-62) 57 (53-62) 0

Women 217 (46.0) 114 (48.7) 103 (43.3) 0

Body-mass index, kg/  25.2 25.1 25.2 1
m? (22.9-28.4) (22.8-28.1) (23.0-28.7)

Caucasian 446 (95.5) 223 (96.1) 223 (94.9)

Black 3(0.6) 0(0.0) 3(1.3)

Asian 11 (2.4) 6 (2.6) 5(2.1)

Other 7 (1.5) 3(1.3) 4(1.7)

Atherosclerotic 22 (4.7) 8(3.4) 14 (5.9) 0
disease”

Arterial hypertension 115 (24.4) 53 (22.6) 62 (26.1) 0

Diabetes mellitus 38 (8.1) 18 (7.7) 20 (8.4) 0

Chronic obstructive 9(1.9 4(1.7) 5(2.1) 0
pulmonary disease

Chronic heart failure 2(0.4) 1(0.4) 1 (0.4) 0

History of smoking 81 (17.2) 41 (17.5) 40 (16.8) 0

Previous malignancy 22 (4.7) 8(3.4) 14 (5.9) 0

Hormonal treatment 19 (4.0) 13 (5.6) 6 (2.5) 0

Platelet count, n * 206 206 205 1
100/pL (173-245) (171-244) (174-247)

Lymphocyte count, n 1.7 1.7 1.8 54
*100/pL (1.3-18.5) (1.2-23.0) (1.3-16.0)

Oxygen saturation, % 97.1 (1.5) 97.2 (1.4) 97.0 (1.5) 0

Heart rate, n/min 77 (12) 76 (12) 77 (13) 0

Systolic blood 133 (18) 133 (19) 134 (18) 1
pressure

Diastolic blood 84 (13) 84 (13) 85 (12) 1
pressure

Temperature 36.8 (0.6) 36.8 (0.6) 36.8 (0.6) 3

Respiratory rate, n/ 16 (3) 16 (3) 16 (3) 1
min

ACE-inhibitors 24 (5.1) 10 (4.3) 14 (5.9) 0

Corticosteroids 8(1.7) 5(2.1) 3(1.3) 0

Immunosuppressive 2049 1.9 1(0.4) 0
drugs

Antiplatelet agents 26 (5.5) 13 (5.6) 13 (5.5) 0

Statins 52 (11.0) 27 (11.5) 25 (10.5) 0

Data are n (% of available data), mean (SD), or median (Q1-Q3), unless other-
wise specified.

@ Atherosclerotic diseases include: acute coronary syndrome, angina, prior
myocardial infarction, prior stroke, peripheral arterial disease.

(44.9 %) patients. Exertional dyspnea was present in 74 (15.7 %) pa-
tients, whereas dyspnea at rest was present in six (1.3 %) patients.

The number of patients with the primary and any of the secondary or
safety outcomes is provided in Table 2. The primary efficacy outcome, a
composite of any untoward hospitalisation and death, occurred in 11
(4.7 %) patients of the enoxaparin group and in 11 (4.6 %) of the
standard-of-care group (no thromboprophylaxis) within 90 days after
randomisation; Fig. 2. No difference in the incidence of the primary
outcome was observed between the two arms (adjusted relative risk:
1.00 95 % CI: 0.44-2.25; p-value 0.99). All events were represented by
untoward hospitalisations. A total of 19 of 22 hospitalisations were
classified as being COVID-19-related. No deaths were recorded.

A major cardiovascular event occurred in two (0.9 %) patients of the
enoxaparin arm vs. four (1.7 %) of the standard-of-care arm, resulting in
arisk ratio of 0.51 (95 % CL: 0.09-2.75; p-value 0.43). All cardiovascular
events were symptomatic and occurred within 30 days after random-
isation. One (0.4 %) ischaemic stroke and one (0.4 %) pulmonary em-
bolism episode was reported in patients treated with enoxaparin,
whereas four (1.7 %) pulmonary embolism episodes occurred in controls
(risk ratio for pulmonary embolism 0.26; 95 % CI: 0.03-2.27; p-value
0.22). No ischaemic stroke events were observed in controls. No major
or clinically-relevant-non-major bleeding episodes (primary safety
outcome) were recorded. No patient in the enoxaparin group had to
discontinue the treatment due to toxicity or adverse events.

The prevalence of all COVID-19-related symptoms showed a steady
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Fig. 1. Counts of patients with COVID-19-related symptoms at baseline.

Table 2
Clinical outcomes.

Intention-to-treat
population

Enoxaparin Standard of Adjusted p
group (n = care group (n RR" (95 % value
234) =238) Ccn

Primary outcome (90-day follow-up)

Any untoward 11 (4.7) 11 (4.6) 1.00 0.99
hospitalisation and (0.44-2.3)
all-cause death
Any untoward 11 (4.7) 11 (4.6) 1.00 0.99
hospitalisation (0.44-2.3)
All-cause death 0 0 - -
Intention-to-treat Enoxaparin Standard of Unadjusted p
population group (n = care group (n RR (95 % CI) value
233) = 237)
Secondary efficacy outcomes (90-day follow-up)
Cardiovascular 2(0.9) 4(1.7) 0.51 0.43
events (0.09-2.75)
Pulmonary 1(0.4) 4@1.7) 0.26 0.22
embolism (0.03-2.27)
Ischaemic stroke 1(0.4) 0 - —
Other 0 0 - -
cardiovascular
events”
COVID-19-related 9(3.9) 10 (4.2) 0.92 0.84
hospitalisation (0.38-2.21)
Disseminated 0 0 - -
intravascular
coagulation
Safety Enoxaparin Standard of Unadjusted RR  p
population group (n=230)  care group (n (95 % CI) value
= 238)
Safety outcomes (90-day follow-up)
Major bleeding 0 0 - -
Non-major 0 0 - -
clinically
relevant
bleeding

All arterial and venous cardiovascular events were symptomatic and occurred
during the first 30 days of follow-up.

# Relative Risk (RR) was adjusted for age (stratification variable), as pre-
specified in the study protocol.

b Other cardiovascular events include deep vein thrombosis, myocardial
infarction, arterial ischaemia, myocarditis, and acute splanchnic vein
thrombosis.

declining trend over 90 days; Fig. 3. The time-depending prevalence of
COVID-19-related signs and symptoms were similar in the two treatment
arms during follow-up with almost completely overlapping confidence
intervals for each symptom. At Day 90, the prevalence of individuals
with COVID-19-related symptoms was <12 % in both groups and <10 %
for individual respiratory symptoms. A total of 42 (17.9 %) patients in
the enoxaparin group and 40 (16.8 %) patients in the control group
reported the persistence of at least one respiratory symptom (cough,
rhinorrhea, expectoration, sore throat, or dyspnea) at the time of the 90-
day follow-up visit.

4. Discussion

In this academic, multinational, phase III, randomised controlled
trial of outpatients with symptomatic COVID-19, we showed that
thromboprophylaxis with enoxaparin (vs. no thromboprophylaxis) led
neither to a reduction of the primary outcome (untoward hospitalisation
and death) nor to an improvement of COVID-19-related symptoms
within 90 days follow-up. Symptoms of COVID-19 persisted in approx-
imately one in eight patients, indicating that the burden of disease ex-
tends after the acute phase in a substantial proportion of subjects.
Residual symptoms falling under the definition of post-COVID-19 syn-
drome should be object of further investigation and targeted
interventions.

With respect to the primary outcome, the results of the 90-day data
analysis are consistent with those of the primary analysis focusing on the
first 30 days of follow-up [9]. Most events occurred in the first 10 days
after enrolment when patients were still under active anticoagulant
treatment. Therefore, an extension of thromboprophylaxis with enox-
aparin is unlikely to provide additional benefit. This finding is consistent
with other studies investigating the impact of apixaban and aspirin [8],
rivaroxaban [11] and enoxaparin [10] vs. no antithrombotic treatment
in a similar population of COVID-19 outpatients. All studies reported a
rate of hospitalisation or early serious complications of approximately
3-4 % with the exception of one study [10] that recorded 21-day inci-
dence of >10 %. The relatively low incidence of the primary outcome
may be explained by the under-representation of high-risk groups,
including older patients and subjects with cancer, prior venous throm-
boembolism, or severe comorbidities. Cohort data showed that the risk
of hospitalisation and death peaked in these groups [18-21]. Further-
more, novel virus variants that emerged during the execution phase of
the abovementioned studies and the experience accumulated in the
treatment course of COVID-19 likely played a role in determining the
course and prognosis of the disease.

Early observational studies demonstrated a high rate of arterial and
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Fig. 2. Cumulative incidence of the primary outcome within 90 days after randomisation.
The primary outcome consisted of a composite of untoward hospitalisation and all-cause death.
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Fig. 3. Proportion of patients with COVID-19-related symptoms over 90-day follow-up.
Predefined study visits took place in hospital (baseline, BL) and telephonically (Day 3, 7, 14, 30, and 90). Information of COVID-19-related symptoms was collected

prospectively by trained personnel following a structured questionnaire.

venous thromboembolic events in inpatients with COVID-19 [1-3].
OVID and other aforementioned trials were not powered for this
outcome and did not implement ad hoc strategies to routinely screen
outpatients for venous thromboembolic events. The reduction in the 30-
day risk of acute pulmonary embolism observed in OVID (0.4 % vs. 1.7
%) did not reach statistical significance and should be considered hy-
pothesis generating. Ongoing studies and a comprehensive, collabora-
tive meta-analysis of published trials will help to address this question.

The post-COVID-19 syndrome emerged as an alarming complication
impairing the well-being and functional status of COVID-19 survivors

[13]. We investigated whether early enoxaparin may accelerate the
resolution of symptoms, provided that all subjects enrolled in OVID were
initially symptomatic (or had a body temperature >37.5 °C) and have
been prospectively followed also for the characteristics and course of
symptoms. We showed that an improvement of COVID-19-related
symptoms was observed in most patients during follow-up. However,
approximately one in eight patients presented with residual respiratory
symptoms at the time of the 90-day follow-up visit. It has been shown
that the post-COVID-19 syndrome can affect the whole spectrum of
COVID-19 patients [22,23]. Approximately 10-35 % of outpatients up to
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85 % of admitted patients could present with functional or organ
impairment months after the acute phase [12,24]. The five most com-
mon symptoms were fatigue (58 %), headache (44 %), attention disor-
der (27 %), hair loss (25 %), and dyspnea (24 %). [25-27] We showed
that early thromboprophylaxis with enoxaparin did not accelerate the
resolution of ten different individual symptoms and did not appear to
reduce the proportion of patients with residual respiratory symptoms of
COVID-19. Whether it could play a role during long-term follow-up re-
mains to be investigated.

This study has limitations. First, due to logistical reasons we were
unable to enroll high-risk outpatients aged 70 years or older. Conse-
quently, this led to a lower-than-expected event rate and early termi-
nation of the trial. Second, the trial has an open-label design that could
have influenced the decision to perform diagnostic imaging for acute
pulmonary embolism or to admit patients to hospital. Third, no external
validation of the primary outcome events has been performed: this may
have played a role as criteria (and limits) for hospital admission varied
over time. Finally, we could not pre-define the criteria for post-COVID-
19 syndrome as this complication was not foreseeable when the
pandemic started. Post-COVID conditions and syndromes can include a
very wide spectrum of health problems including but not limited to
general symptoms, respiratory and cardiopulmonary manifestations,
neurological dysfunctions, digestive symptoms and other disturbances.
In our analysis, we collected information on clinical characteristics of
COVID-19 based on a structured questionnaire including the most
prevalent disease manifestations described in the medical literature
during the first months of the pandemic.

In conclusion, early thromboprophylaxis with enoxaparin did not
appear to improve the course of acute COVID-19 in terms of hospital-
isation, deaths, and COVID-19-related symptoms in adult outpatients
during 90-day follow-up. It should be further investigated if early
thromboprophylaxis would lead to an improvement of functional out-
comes and quality of life over the long-term perspective.
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