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Abstract

Background: Molnupiravir (MOV) is an orally bioavailable ribonucleoside with antiviral activity against all tested SARS-
CoV-2 variants. We describe the demographic, clinical, and treatment characteristics of non-hospitalized Danish patients
treated with MOV and their clinical outcomes following MOV initiation.

Method: Among all adults (> 18 years) who received MOV between |6 December 2021 and 30 April 2022 in an outpatient
setting in Denmark, we summarized their demographic and clinical characteristics at baseline and post-MOV outcomes
using descriptive statistics. Outcomes were emergent hospitalization and all-cause mortality during the 28 days after MOV
initiation. We estimated the odds ratios (OR) of outcomes by time from positive test to treatment using logistic regression.
Results: We identified 369 | MOV-treated patients, of whom 45.8% were male and mean age was 70.1 years. Most patients
(76.2%) initiated MOV within 0-2 days after a positive SARS-CoV-2 test and |6.8% within 3—5 days. Over a 28-day period,
rates for all-cause, respiratory- or COVID-19-related, and COVID-|9-related hospitalization were 4.8%, 2.6% and 1.5%,
respectively. All-cause mortality was 1.6%. Initiation of MOV 3-5 days after a positive SARS-CoV-2 test compared to |-
2 days was associated with an increased risk of all-cause (OR 1.85, 95% CI 1.29-2.67) and respiratory or COVID-|9-related
(OR 1.78, 95% ClI 1.07-2.94) hospitalization, and all-cause mortality (OR 2.90, 95% CI 1.64-5.15).

Conclusion: MOV was primarily prescribed to vaccinated elderly persons with multiple comorbidities. The all-cause
hospitalization and mortality rates in this population were low. Early initiation of MOV reduced the risk of hospitalization
and death compared with late initiation.
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Introduction pandemic had overwhelmed healthcare systems around the

. o world, and the admission of large numbers of patients to
With more than 750 million confirmed cases and nearly

seven million deaths globally, including 3.4 million con-
firmed cases and 8700 deaths in Denmark, the COVID-19 Corresponding author email: calw@vive.dk

® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
BY _NC . R . L . . . - .
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the
SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/13596535241313244
https://journals.sagepub.com/home/avt
https://orcid.org/0009-0005-8991-8559
mailto:calw@vive.dk
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F13596535241313244&domain=pdf&date_stamp=2025-01-21

Antiviral Therapy

general wards and intensive care units (ICU) caused a
significant drain on healthcare resources.' In most cases,
infection with SARS- CoV-2 causes a mild respiratory
disease that resolves without the need for intervention, but
the elderly and those with underlying chronic medical
conditions are at high risk of progression to severe disease
that can result in hospitalization and/or death.> Vaccines
have, to an extent, helped to curtail the spread of COVID-19,
and reduced its associated morbidity and mortality.’ How-
ever, possibly due to a waning efficacy of vaccines as well as
emerging virus strains such as Omicron, the numbers of
break-through infections in fully vaccinated individuals are
high.* Therefore, there is still a need for effective oral an-
tiviral drugs for treatment of early-stage COVID-19 in the
outpatient setting to prevent progression to severe disease,
hospitalization and/or death in high-risk patients.

Molnupiravir (MOV) is an orally bioavailable ribonu-
cleoside with antiviral activity against all tested SARS-
CoV-2 variants.” In the MOVe-OUT trial, early treatment
of unvaccinated adults at high risk of progression to severe
COVID-19 with MOV reduced the relative risk of hos-
pitalization or death by 30%.° MOV is safe and the most
common side effects are diarrhoea, nausea, and dizziness
and no drug-drug-interaction has been identified.””® In
November 2021, the European Medicines Agency (EMA)
issued advice on the use of MOV to support national
authorities who may decide on possible early use of the
medicine, which is currently not authorized in the EU. The
Danish Medicine Agency approved MOV for pre-license
use and on December 16™ 2021 the Danish Health Au-
thority recommended MOV to patients with a positive
SARS-CoV-2 test, mild-to- moderate COVID-19, and a
high risk of progression to severe COVID-19 (Table 1).
Risk factors include (but are not limited to) severe lung
disease, severe heart disease, chronic kidney failure and
poorly regulated diabetes. The treatment must be started
within 5 days of symptom onset.” At this time, MOV was
the only available oral antiviral treatment for COVID-19,
and the only available treatment for non-severe COVID-19
in patients without high-risk features such as haemato-
logical malignancies or other severe immunodepression.

With the increasing uptake of vaccines, antiviral
treatment, and emergence of new variants, COVID-19
epidemiology continues to evolve quickly.'® In addition,
due to decisions of the healthcare authorities and practi-
tioners, patient characteristics in real-world healthcare
settings may not always reflect the specific inclusion/
exclusion criteria of randomized controlled trials. Thus,
it is important to understand the real-world use and clinical
and societal benefits of MOV in preventing COVID-19
disease progression resulting in additional healthcare re-
sources utilization, hospitalization, and death.

The aims of this nationwide real-world study are to
describe the baseline demographic, clinical, and treatment

Table I. The Danish Health Authorities recommendations for
treatment with molnupiravir December 2021.

Criteria for prescribing molnupiravir

|. Positive SARS-CoV-2 test (PCR or antigen)
2. Symptoms of COVID-19 with onset within 5 days
3. Belonging to one of the following groups
* 80 years or older who have received <3 vaccine doses
* 80 years or older with at least one risk factor regardless of
vaccination status
* 65-75 years with at least one risk factor who have
received <3 vaccine doses
* Non-vaccinated between 65 and 75 years
* Non-vaccinated between 50 and 64 years with at least one
risk factor

characteristics of non-hospitalized Danish patients treated
with MOV, and the clinical outcomes over a 28-day period
following MOV initiation.

Methods
Study design and population

The study is designed as a retrospective observational
cohort study using de-identified patient level data from
national public health registries in Denmark. The study
population includes all individuals >18 years of age who
received MOV in Denmark in the period 16 December
2021 to 30 April 2022 and who were not hospitalized at the
time of MOV initiation. One of the criteria for prescription
of MOV in Denmark was a current positive SARS-CoV-
2 test. The date of MOV prescription redemption serves as
the index event. Guidelines for when to initiate treatment is
based on onset of symptoms. We do not have information
on onset of symptoms and therefore use date of prescription
redemptions as proxy for date of symptom onset. Because
the registries do not capture whether or when a patient took
their MOV medication, we assume that patients initiated
MOV treatment the same day the MOV prescription was
redeemed. The baseline period is the span 1-day to
24 months before the index event. Participants were ret-
rospectively followed-up for 28 days after the index event.
The study population consists of unique individuals. If a
patient had more than one redemption, only the first re-
demption was included. Patients who were younger than
18 years old, died on the index date, had evidence of
pregnancy in the 3 months prior to the index event (7 pa-
tients), or were treated with any antiviral medication for
COVID-19 other than MOV in the 30 days before MOV
initiation (27 patients) were excluded. To ensure that the
population only consisted of non-hospitalized patients,
patients who had a hospital contact (of any cause) on the
day of the index event (245 patients) were also excluded.
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Study data sources

The data for this study were extracted from multiple na-
tional registries, which contain individual-level health data
linked to the unique identification numbers for all indi-
viduals living in Denmark. All inhabitants in Denmark are
assigned a unique social security number (Central Person
Register [CPR] number) at birth or immigration. All
contacts with the health system, including drug prescrip-
tion, are linked with the unique CPR number, and are
captured in national public health registries. Patients’
medication history was extracted from the Danish National
Prescription Registry (DNPR), which records the Ana-
tomical Therapeutic Chemical (ATC) codes and dates for
all prescriptions redeemed from Danish pharmacies. Pa-
tients’ medical, clinical, and hospital data were extracted
from the Danish National Patient Registry (NPR), which
records data using ICD-10 codes. COVID-19 vaccination
history was extracted from the Danish Vaccination Registry
(DVR). Data on a positive a SARS-CoV-2 tests were
extracted from the COVID-19 surveillance registry. Any
occurrence of death among the study population was
identified from the Danish Civil Registration System
(CRS). Demographic data, such as age, sex, civil status,
and address, are also linked to CRS. Crosslinking the
registries provided demographic characteristics, vaccina-
tion status, comorbidities, and concomitant medications, as
well as hospitalization and mortality data.

Exposure

Adult patients (aged >18 years) treated with MOV in an
outpatient setting. MOV treatment was defined by the first
redeemed prescription for MOV identified through the
Danish National Prescription Registry.

Outcomes

Primary outcomes were all-cause hospitalization, respiratory
illness- or COVID-19-related hospitalization, COVID-19-
related hospitalization, and all-cause mortality over a 28-day
follow-up period after MOV initiation. Hospitalization was
defined as inpatient admission that was emergent and lasting
more than 24 hours to exclude planned contacts such as
previously scheduled check-up visits. To control for po-
tential misclassification of diagnosis, we specified two dif-
ferent COVID-19-related outcomes — one that includes
hospitalizations due to COVID-19 and another that includes
hospitalization due to COVID or other respiratory illnesses.

Covariates

Demographic covariates included age (continuous years,
categorical age groups: 18-49, 50-59, 60-69, 70-79

and >80 years of age), sex (male, female, or unknown), and
region of residence at index date. Clinical covariates in-
cluded vaccination status at the index event and previous
COVID-19 in the 180 days prior to the index event.
Prevalence of comorbidities was based on diagnosis codes
recorded during the baseline period, and comedications
were based on redeemed prescription for >1 of the med-
ications within 90 days prior to index event (see Table 2 for
list of comorbidities and comedications).

Statistical analysis

Patients” demographic and clinical characteristics at
baseline and post-MOV initiation were summarized using
descriptive statistics of means and distribution across
characteristics. We estimated the odds ratio and 95%
confidence intervals (CI) of outcomes by time from pos-
itive test to treatment and vaccination status using logistic
regression, controlling for age, gender, region of residence,
comorbidities, and comedication. We did not control for
previous infection due to too few cases. A p-value
of <0.05 is considered statistically significant. Analyses
were carried out in STATA 17.

Results

Baseline characteristics

After inclusion/exclusion criteria were applied, the study
population consisted of 3691 MOV-treated patients.
Table 3 show the characteristics for the full population and
by time between positive SARS-CoV-2 test and initiation
of treatment. In the full population 45.8% were male. Mean
age was 70.1 years and 74.4% were 60 years of age or
older. The majority (74.8%) had >2 comorbidities and
88.2% received comedication for concomitant conditions
(Table 3). Only 5.5% were unvaccinated or partially
vaccinated (0—1 vaccine dose) and 89.2% have
received >3 vaccine doses (Table 3). Very few (1.4%) had
SARS-CoV-2 infection within the last 180 days. The
distributions between groups are similar for most charac-
teristics. There is, however, indications that being fully
vaccinated correlates with having treatment initiated
quicker. These results are also significant when performing
a logistic regression (Table 4).

Most patients (93%) initiated MOV within 5 days after
a positive SARS-CoV-2 test: 76.2% within 2 days and
16.8% within 3-5 days (Table 3). Time from a positive
SARS-CoV-2 test to MOV initiation was not different by
age, sex, or burden of comorbidity (Table 4). Fully
vaccinated patients were more likely to start treatment
within both 2 (OR 1.41, 95% CI 1.109-1.802, p = 0.005)
and 5 days (OR 1.61, 95% CI 1.103-2.357, p = 0.014)
(Table 4).
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Table 2. List of ICD-10 and ATC codes.

Comorbidities

Diagnosis
Cancer
Chronic kidney disease
Chronic lung disease

Chronic liver disease

Diabetes mellitus type | and type 2

Heart conditions

Mental health disorders limited to mood disorders
including depression and schizophrenia spectrum
disorders

Obstructive and central sleep apnoea

Tuberculosis

HIV

Neurological conditions including dementia

Solid organ or blood stem cell transplant

Substance abuse

ICD-10

C00-D48

NOO-N19

DJ40, DJ41, DJ42, DJ43, D}44, DJ47, DJ60, DJ61,
DJ62, DJ63, DJé4, DJ65, DJ66, DJ67, D)684,
DJ701, DJ703, DJ841, DJ920, DJ961, D}982,
DJ983

K70-76

EIO-11

100-152

F29-34

G473
Al5-Al9
B20-B24, F02.4
GO00-G99

794, BOQES
F10-FI7

Primary thrombophilia: resistance of activated protein C Dé68.5
(factor V Leiden mutation), antithrombin, protein C or
protein S deficiency, prothrombin gene mutation*

Asthma
Hypertension
History of recurrent thromboembolic events

Immune deficiencies (except people with moderate to
severe immune compromise due to a medical condition

or receipt of immunosuppresive medications or
treatments)
Other diagnosis codes
Diagnosis
Pregnant
Given birth
COVID-19
Respiratory
Antiviral drugs
Drug name
nirmatrelvir/ritonavir
remdesivir
monoclonal antibodies
casirivimab/imdevimab
sotrovimab
tixagevimab/cilgavimab2
Hydroxychloroquine3
Ivermectin3
Comedications
Drug name
Amiodarone
Apalutamide
Apixaban
Bosentan

J45-J46
110-115
174
D80-D89

ICD-10
7340, Z348A, Z348B, Z358M
080-084

B232A, B972A

Jo-J9

ICD-10

ICD-10

ATC

RO3

AIOA, AIOB
C

JO4A
JOSAE, JOSAF
N04-N06

NO7BC except
NO07BC02

GO03

ATC

ATC
JOSAEO3
JO5ABI6
JO6BC, JO6BD, LOIF
J06BDO7
J06BDO5
J06BDO3
POIBA02
PO2CFOI

ATC
COI1BDOl
LO2BB05
BO1AF02
C02KX0l

(continued)
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Table 2. (continued)

Comorbidities

Carbamazepine
Ciclosporin
Clopidogrel
Clozapine
Diazepam
Dihydroergotamine
Disopyramide
Dofetilide
Domperidone
Dronaderone
Enzalutamide
Eplerenone
Ergot derivatives

Ergoloid

Ergometrine
Ergotamine

Enzalutamide
Everolimus
Flecainide
Glecaprevir/pibrentasvir
Ivabradine
Lomitapide
Llonafarnib
Lovastatin
Lurasidone
Lumateperone
Lumecaftor/ivacaftor
Meperidine (pethidine)
Mesylates

Mexilitine
Midazolam

Pimozide
Phenobarbital
Phenytoin

Primidone
Propafenone
Quinidine

Rifampin

Rifapentine
Riociguat
Rivaroxaban
Salmeterol
Sildenafil
Simvastatin
Tadalafil

NO3AFO!

LO4ADOI, SOIXAI8

BOIACO4

NO5AH02

NO5BAO!

NO2CAO!

COIBA03

CO1BDO4

AO3FA03

C01BDO7

L02BB04

C03DA04

NO2CA, GO2AB02,
G02CB

CO4AEOI,
NO7CA52,
CO8CA

G02ABO03, GO2ABO|

NO2CA02,
NO2CA52,
NO2CA72

L02BBO4

LOIEGO2, LO4AAI8

COIBCO4

JOSAP57

COIEBI7

CI0AXI2

A16AX20

CI10AA02

NOSAEQ5

NO5ADI0

RO7AX30

NO2AB02

CO4AEOQ|

CO1BB02

NO05CD08

NO5AG02

NO3AA02

NO3AB02

NO3AA03

CO1BCO3

COIBAOI

J04ABO02, J04AMO02,
JO4AMOS,
J04AMO6

J04ABO5S

C02KX05

BOIAFOI

RO3ACI2, RO3AKO6

GO4BEO3

CI0AAOI, CI0BAO2

GO4BE08

(continued)
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Table 2. (continued)

Comorbidities

Tolvaptan CO03XAO0I
Vardenafil GO4BEO9
Voclosporin LO4ADO03
Analgesics NO02
Antiarrhytmics CoIB
Antibacterials Jol
Anticoagulants BOI
Anticonvulsants NO3
Antifungals Dol
Antipsychotics NO5SA
Anxiolytics NO5B
Bronchodilators RO3
Calcium channel blockers co8
Cancer drugs C00-D48* Lol
Gastrointestinal agents A
Antihypertensives C02
Immunosuppressants LO4
HMG-CoA reductase inhibitors (“statins”) CI0AA, CI10BX03,
CI0BA

*dentified through cancer diagnosis instead of ATC, since most cancer drug treatment takes place at a hospital.

Outcomes

During the 28-day follow-up period, rates for all-cause,
respiratory- or COVID-19-related, and COVID-19- related
emergent hospitalization were 4.8%, 2.6%, and 1.5%,
respectively. All-cause mortality rate was 1.6%.

Initiation of MOV 3-5 days after a positive a SARS-CoV-
2 test compared to 1-2 days was associated with an increased
odds of all-cause (OR 1.85 95% CI 1.29-2.66, p = 0.001),
respiratory or COVID-19-related (OR 1.78, 95% CI 1.07—
294, p = 0.025) emergent hospitalization, and all-cause
mortality (OR 2.90, 95% CI 1.64-5.15, p < 0.001), but
not COVID-19 related emergent (OR 1.82, 95% CI 0.97—
3.42, p=0.064) (Table 5). The ORs of outcomes for initiation
of MOV later than 6 days compared to 1-2 days are not
statistically significant. Relative to no or partial vaccination,
being fully vaccinated significantly reduced the odds of all-
cause (OR 0.59, 95% CI 0.37-0.96, p = 0.032), respiratory- or
COVID-19-related (OR 0.44, 95% CI 0.24-0.81, p = 0.009)
and COVID-19-related (OR 0.34, (5% CI 0.17-0.70, p =
0.003) emergent hospitalization, but not all-cause mortality
(OR 0.56, 95% CI 0.23-1.33, p = 0.185) (Table 5).

Sex, number of comorbidities, and comedication were
not significantly associated with the risk of all-cause, re-
spiratory-, or COVID-19-related hospitalization or all-
cause mortality. There were no differences in outcomes
among the five Danish Regions (Table 5).

As a sub analysis, we examined the outcomes of fully
vaccinated patients (>3 vaccinations per Danish standards)
separately. Since 89.2 % of the population is fully

vaccinated the results are very similar to those of the full
population. Initiation of MOV 3-5 days after a positive
SARS-CoV-2 test compared to 1-2 days had higher odds of
all-cause (OR 2.05 95% CI 1.4-3.01, p < 0.001), respi-
ratory or COVID-19-related (OR 2.04, 95% CI 1.12-3.47,
p =0.009) and COVID-19 related (OR 2.12 95% CI 1.07—
4.23, p = 0.033) emergent hospitalization, and all-cause
mortality (OR 2.93,95% CI 1.61-5.35, p <0.001). Of note,
time between MOV initiation and COVID-19-related
emergent hospitalization was significant in the fully vac-
cinated population but not in the full population. The ORs
for initiation of MOV later than 6 days compared to 1—
2 days remains not statistically significant.

As a second sub analysis, we examined the population of
patients with concomitant cancer. 15.1 % of the MO V-treated
population had concomitant cancer. Patients with cancer had a
higher risk of all cause hospitalization compared to patients
without cancer (6.8% vs 4.7%, p-value: 0.035). There were no
significant differences between cancer and non-cancer pa-
tients with regards to COVID-19-related, COVID-19-related
or respiratory-related hospitalizations, and death. Addition-
ally, we found no significant difference in outcome comparing
initiation of MOV at 1-2 days to initiation at 3-5 days for
patients with cancer (Table 5).

Discussion

In December 2021, the Danish Medicines Agency ap-
proved MOV for pre-license use. To reduce the number of
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Table 3. Patient characteristics at the time of MOV initiation.

Total 0-2 days between test 3-5 days between test 5+ days between test
population and treatment and treatment and treatment
Patient Characteristics N (%) N (%) N (%) N (%)
Age Groups
18—49 486 (13.2%) 344 (12.2%) 104 (16.7%) 38 (14.7%)
50-59 460 (12.5%) 349 (12.4%) 77 (12.4%) 34 (13.2%)
60-69 600 (16.3%) 455 (16.2%) 104 (16.7%) 41 (15.9%)
70-79 820 (22.2%) 659 (23.4%) 105 (16.9%) 56 (21.7%)
80+ 1325 (35.9%) 1005 (35.6%) 231 (37.2%) 89 (34.5%)
Sex
Female 2001 (54.2%) 1508 (53.6%) 358 (57.6%) 135 (52.3%)
Male 1690 (45.8%) 1304 (46.4%) 263 (42.4%) 123 (47.7%)
Region
North Denmark Region 528 (14.3%) 396 (14.1%) 82 (13.2%) 50 (19.4%)
Central Denmark Region 917 (24.9%) 725 (25.8%) 136 (21.9%) 56 (21.7%)
Region of Southern Regioner 895 (24.3%) 693 (24.7%) 153 (24.6%) 49 (19%)
Capital Region of Denmark 942 (25.6%) 688 (24.5%) 175 (28.2%) 79 (30.6%)
Region Zealand 404 (11%) 305 (10.9%) 75 (12.1%) 24 (9.3%)
Number of comorbidities
0 202 (5.5%) 156 (5.5%) 29 (4.7%) 17 (6.6%)
| 729 (19.8%) 550 (19.6%) 128 (20.6%) 51 (19.8%)
2 1178 (31.9%) 902 (32.1%) 201 (32.4%) 75 (29.1%)
3 924 (25.0%) 693 (24.6%) 160 (25.8%) 71 (27.3%)
4 470 (12.7%) 362 (12.9%) 74 (11.9%) 34 (13.2%)
5+ 188 (5.1%) 149 (5.3%) 29 (4.7%) 10 (3.9%)

Receiving comedication
3256 (88.2%)
Number of vaccines received

0| 196 (5.3%)
2 201 (5.4%)
3+ 3294 (89.2%)

More than 180 days since last infection or
no previous infection
3641 (98.6%)
N 3691

2491 (88.6%)

138 (4.9%)
137 (4.9%)
2537 (90.2%)

538 (86.6%) 227 (88%)
41 (6.6%)
41 (6.6%)

539 (86.8%)

17 (6.6%)
23 (8.9%)
218 (84.5%)

2812 621 258

*Days since last infection can only be reported for the total population due discretionary considerations.

COVID-19-related hospitalizations and deaths, the Danish
Health Authorities recommended that MOV be offered to
patients with mild-to-moderate COVID-19 with symptoms
for <5 days and an increased risk of progression to severe
disease’ (Table 1). During the study period, MOV was the
only available oral antiviral treatment for COVID-19 in
Denmark and could be prescribed by both general physi-
cians and hospital doctors. The treatment was tax-funded
and free of charge for the patients.

The MOVe-OUT trial was carried out in an unvacci-
nated population during the period of Delta variant
predominance.*'® Given the dynamic nature of the
COVID-19 pandemic, with emergence of new variants of
concern, and, implementation of COVID-19 vaccine
programs, there is considerable uncertainty about whether

the clinical benefit of treatments observed in clinical trials
are realized in the real world in Denmark and the rest of the
world. Therefore, in this nationwide real-world study, we
aimed to describe the baseline demographic, clinical, and
treatment characteristics of non-hospitalized Danish pa-
tients treated with MOV and their clinical outcomes over a
28-day period following a redeemed prescription of MOV.

Our study population consist of MOV treated, pre-
dominantly vaccinated, elderly patients with multiple co-
morbidities likely infected with the Omicron variant. The
population characteristics show that not all MOV pre-
scriptions were in accordance with the recommendations
from the Danish Health Authority (Table 1). 13% of the
population were younger than 50 years of age and not all
patients had a positive SARS-CoV-2 test registered.
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Table 4. The correlation between covariates and treatment initiation.

Treatment initiated within 2 days

Treatment initiated within 5 days

OR 95% ClI p-value OR 95% Cl p-value

Age

1849 RC RC RC RC RC RC

50-59 1.257 [0.937;1.687] 0.127 1.015 [0.622;1.655] 0.953

60-69 1.217 [0.918;1.613] 0.172 1.081 [0.670;1.746] 0.749

70-79 1.567 [1.190;2.065] 0.001 1.062 [0.673;1.676] 0.796

80+ 1.189 [0.929;1.522] 0.168 1.056 [0.693;1.608] 0.801
Gender

Female 0.939 [0.804;1.097] 0.427 .17 [0.864;1.445] 0.399
Region

North Denmark Region RC RC RC RC RC RC

Central Denmark Region 1.279 [0.991;1.650] 0.058 1.601 [1.074;2.388] 0.021

Region of Southern Regioner 1.159 [0.900;1.494] 0.253 1.822 [1.207;2.749] 0.004

Capital Region of Denmark 0.931 [0.727;1.191] 0.567 1.173 [0.806;1.707] 0.404

Region Zealand 1.058 [0.781;1.432] 0.717 1.751 [1.053;2.913] 0.031
Number of comorbidities

0 RC RC RC RC RC RC

I 0.774 [0.525;1.145] 0.2 1.154 [0.626;2.127] 0.646

2 0.782 [0.530;1.155] 0.216 1.252 [0.681;2.302] 0.47

3 0.707 [0.473;1.057] 0.091 1.016 [0.543;1.900] 0.96

4 0.782 [0.507;1.205] 0.265 1.067 [0.541;2.102] 0.852

5+ 0.865 [0.515;1.453] 0.585 1.45 [0.610;3.448] 0.401
Relevant comedication

Receiver of comedication 1.102 [0.850;1.427] 0.464 0.903 [0.579;1.410] 0.654
Vaccination status

Fully vaccinated 1.414 [1.109;1.802] 0.005 1.612 [1.103;2.357] 0.014
Observations 3,686 3,686

*RC: Reference category.
*.: Omitted due to too little variation.

*The number of observations vary due to a few individuals not having information about what region they live in and categories being omitted due to too

little variation.

However, home-tests are not in the registries, and the few
patients without a positive SARS-CoV-2 test visible in the
registries are assumed to have a positive home-test.'"'>
We found that the rates of all-cause (4.8%), respiratory-
or COVID-19-related (2.6%), and COVID-19 related
(1.5%) emergent hospitalization and all-cause mortality
(1.6%) were low. However, hospitalization rates increased
with age among people with COVID-19, and were 2.9% for
people aged 65-79 and 10.7% for people aged 80+ ac-
cording to national surveillance data, which both are sig-
nificantly higher than the estimates from our study.'* MOV
treatment, high vaccine coverage, predominant infection
with the Omicron variant or a combination of these factors
may explain low overall hospitalization rates. However,
data on the background population during the study period
cannot be directly compared with the results from our
MOV-treated study population. Among other things we
restricted the study population to people not hospitalized
immediately before or at the time of a positive test, whereas

the reported statistics include them. Therefore, it cannot be
concluded whether MOV treatment contributed to the low
hospitalization and death rates seen in the study population.
In a sub analysis, we found that patients with cancer had a
higher risk of all-cause hospitalization, but not respiratory-
or COVID-19-related, and COVID-19 related emergent
hospitalization and all-cause mortality compared to pa-
tients with no cancer. A study examining hospitalization
rates and mortality among MOV-treated patients with
haematological malignancies found substantially higher
rates of hospitalization (20 %) and mortality (4 %) in the
28 days after breakthrough COVID-19 diagnosis during
the same time period as our study.'* This could potentially
be explained by the higher vaccination rates in our pop-
ulation, as only half of the participants in the other study
had received a booster. Of note, early treatment with MOV
was associated with reduced risk of hospitalization and
death, indicating that initiation of MOV within 1-2 days of
apositive SARS-CoV-2 test influences the clinical outcome
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Table 5. The effect of time of treatment initiation on health outcomes.
Emergent Emergent hospitalization Emergent hospitalization
hospitalization lasting lasting more than lasting more than
more than 24 hours —all 24 hours — COVID 24 hours — respiratory or
cause related COVID related Deceased
p- p- - p-
OR 95% Cl value OR 95% Cl value OR 95% Cl value OR 95% Cl  value
Days between test and
treatment initiation
0-2 RC RC RC RC RC RC RC RC RC RC RC RC
3-5 1,852 [l1,287; 0,001 1,818 [0967; 0,064 1,777 [1,073; 0,025 2,903 [1.637; 0,000
2,664] 3,419] 2,943] 5,146]
6+ 1,067 [0,485; 0,872 0,488 [0,066; 0,483 0,873 [0,267; 0,823 2,281 [0,778; 0,133
2,349] 3,616] 2,854] 6,687]
No test 5487 [3,176; 0,000 5,508 [2,345 0,000 4,356 [2,065 0,000 2,389 [0,705; 0,162
9,479] 12,939] 9,187] 8,090]
Age
1849 RC RC RC RC RC RC RC RC RC RC RC RC
50-59 0,830 [0,380; 0,641 0,567 [0,138;, 0431 0514 [0,152; 0,284 - - -
1,816] 2,328] 1,738]
60-69 1,677 [0,873; 0,121 1,393 [0467, 0552 1,517 [0,617; 0,364 3,883 [0,441; 0,222
3,223] 4,153] 3,730] 34,198]
70-79 1,949 [1,043; 0,037 1,883 [0,682; 0,222 2,403 [1,045 0,039 6,934 [0,859; 0,069
3,642] 5,201] 5,528] 55,948]
80+ 2,062 [I,135 0,018 1,998 [0,762; 0,159 1,822 [0,806; 0,149 15204 [2,023; 0,008
3,744] 5,237] 4,118] 114,273]
Gender
Female 0,790 [0,582; 0,129 1,052 [0,614; 0,854 1,092 [0,713; 0,686 0,710 [0,419; 0,204
1,071] 1,800] 1,673] 1,204]
Region
North Denmark RC RC RC RC RC RC RC RC RC RC RC RC
Region
Central Denmark 0,771 [0,475; 0,295 1,260 [0,555; 0,581 0,772 [0,406; 0,430 1,056 [0,473; 0,894
Region 1,253] 2,862] 1,468] 2,355]
Region of Southern 0,770 [0,476; 0,288 0,503 [0,191; O,I65 0551 [0,279; 0,087 1,057 [0,477, 0,892
Regioner 1,246] 1,326] 1,090] 2,342]
Capital Region of 0,840 [0,523; 0471 0,792 [0,328; 0,605 0,695 [0,364;, 0,271 0,758 [0,321; 0,527
Denmark 1,350] 1,915] 1,329] 1,787]
Region Zealand 0912 [0,517; 0,749 1,515 [0,610; 0,371 1,079 [0,529; 0,834 0,501 [0,135; 0,301
1,606] 3,761] 2,202] 1,859]
Number of
comorbidities
0 RC RC RC RC RC RC RC RC RC RC RC RC
| 1,418 [0,520; 0495 2,766 [0,333; 0,346 3,570 [045]; 0,228 1,925 [0,238; 0,539
3,868] 22,981] 28,253] 15,540]
2 1,025 [0,372; 0,962 1,775 [0,206; 0,601 2,345 [0,292; 0,422 1,079 [0,132; 0,944
2,820] 15,276] 18,812] 8,808]
3 1,858 [0,676; 0,230 4,289 [0,511; 0,180 4,195 [0,526; 0,176 1,318 [0,159; 0,798
5,105] 36,004] 33,484] 10,932]
4 2,683 [0,955 0061 6,625 [0,767; 0,086 6,405 [0,789; 0,082 0,87I [0,093; 0,904
7,538] 57,195] 51,971] 8,203]
5+ 2,768 [0,904; 0,075 4,556 [0,446; 0,201 5,175 [0,580; 0,141 I,116 [0,091; 0,932
8,477] 46,566] 46,169] 13,651]

(continued)
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Table 5. (continued)

Emergent
hospitalization lasting
more than 24 hours — all

Emergent hospitalization

lasting more than
24 hours — COVID

Emergent hospitalization
lasting more than
24 hours — respiratory or

cause related COVID related Deceased
- P- - P-
OR 95% Cl value OR 95% Cl value OR 95% Cl value OR 95% ClI value
Relevant comedication
Receiver of 1,266 [0,668; 0,470 0,953 [0,337; 0,927 1,578 [0,594; 0,360 3,251 [0,741; 0,118
comedication 2,399] 2,691] 4,195] 14,258]
Vaccination status
Fully vaccinated 0,591 [0,365; 0,032 0,343 [0,168;, 0,003 0,437 [0,236; 0,009 0,548 [0,225; 0,185
0,957] 0,703] 0,810] 1,333]
Observations 3.686 3.686 3.686 3.226

of COVID-19. Viral replication is highest in the initial stage
of the infection, so treatment with MOV has the best effect
during this period.” An observational study from Australia
suggests that treatment with MOV within 1 day of diag-
nosis provided the greatest benefit.'” No benefit in reducing
the risk of hospitalization was seen if treatment was ini-
tiated two or more days after diagnosis and for death four or
more days after diagnosis.'> However, since we cannot
control for confounding factors, such as disease severity at
the time of MOV initiation, we cannot conclude whether
the difference in outcomes are caused by earlier initiation of
treatment or that patients initiating treatment earlier were
less likely to have severe symptoms. In our study being
vaccinated significantly reduced the risk of being hospi-
talized, but not all-cause mortality. This is, however, most
likely due to 95% of our population being fully vaccinated
and a very low event rate of all-cause mortality. Previous
studies have shown that vaccines are effective at preventing
COVID-19 related death.'® In our sub analysis, consisting
of individuals with >3 vaccines, initiation of MOV within
3-5 days of a positive SARS-CoV-2 test compared to 1—
2 days had higher risks of hospitalization and all-cause
mortality; odds ratios for all outcomes were higher com-
pared to the full population. However, based on this
analysis we cannot determine whether this is because early
initiation of MOV treatment is more effective if patients
have received a third booster vaccine dose or if there are
other differences between the groups such as disease
progression or symptoms.

Observational studies from Hong Kong and Israel have
suggested that treatment with MOV is associated with
reduced risk of hospitalization and death in patients over
65 years of age.'”'® PANORAMIC is the largest study
including over 25,000 participants who were randomized
to MOV plus usual care or only usual care. The study
population was young (mean age 56.6 years) and 94% had
received at least three doses of COVID-19 vaccines. Early

treatment with MOV did not reduce the low risk (1%) of the
composite outcome of hospitalization or death, but MOV
reduced time to recovery and reduced viral load.'® A meta-
analysis including six studies during the Omicron wave
found that MOV only had clinical effectiveness on disease
progression and all-cause mortality in patients with low
vaccine coverage. However, MOV was associated with
faster reduction in viral load than placebo.”® A recent
systematic review and meta-analysis including nine ran-
domized clinical trials concluded that MOV has no effect
on mortality and likely no effect on hospitalization and
death in a predominantly immunized population of
COVID-19 patients and its effect on symptom resolution is
uncertain.?’ In accordance, an observational study from
Israel found that only older and inadequately vaccinated
patients had clinical benefit of treatment with MOV.**

In clinical trials with unvaccinated adults at high risk of
progression to severe COVID-19, early treatment with
nirmatrelvir/ritonavir (NMV/r) or remdesivir reduced the
relative risk of hospitalization or death by 89% and 87%,
respectively.”>* In addition, the neutralizing monoclonal
antibodies (nMADb) casirivimab and imdevimab and so-
trovimab have been used for treatment of early COVID-
19.* Remdesivir and nMADb can only be administered
intravenously and NMV/r has a high potential for drug-
drug-interactions.® Further, the emergence of new SARS-
CoV-2 variants, including the Omicron variant, have been
found to evade neutralization by nMAb.” In a recent
retrospective cohort study from Wales, it was shown that
prompt outpatient treatment of high-risk patients with
COVID-19 with MOV, NMV/r, or sotrovimab was asso-
ciated with a significant reduction in hospitalization and
death within 28 days of infection. No difference in ef-
fectiveness between treatments were observed. The rates of
hospitalization or death were 4.1% among treated and
10.9% among untreated. The study was conducted in the
same period as our study when Omicron was the dominant
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variant and 95.6% of participants were vaccinated.”® The
hospitalization rate in the treated group is comparable with our
findings in MOV-treated patients. Mutoh et al. compared the
effectiveness of MOV and NMV/r in a real-world community
during the surge of the Omicron BA.5 subvariant in Japan.
COVID-19 related hospitalization (2.8% and 3.5%, re-
spectively) and death (0.4% and 3.5%, respectively) did not
differ significantly between the MOV and NMV/r groups.*’
The mean age of the high-risk participants was 71.7 years
and 71.7% had received at least three COVID-19 vaccine
doses. The low hospitalization and death rates are com-
parable with our findings. Most patients receiving MOV are
older and have comorbidities or comedications that made
them otherwise ineligible for treatment with NMV/r.® This
treatment selection bias could result in a pool of eligible
participants with very high risk for hospitalization and
death, thus masking the effectiveness of MOV treatment.

The strength of this study is the nationwide design and
the very high quality of the Danish national registries,
which captures health information on all residents in
Denmark. This makes it possible to obtain demographic
and health information on all individuals with a redeemed
MOV prescription. By identifying the entire population of
patients with redeemed MOV prescriptions we have
eliminated some of the possible selection bias. However,
when looking at the outcomes for different rates of initi-
ating treatment, there is a possibility of unobserved con-
founding factors. The results in Table 3 does show that,
with the exception of vaccination status and living in the
Central Denmark Region, there are no differences in the
observable characteristics between patients whose treat-
ment was initiated within 2 days, 5 days or later than
5 days. But there could be difference in unobservable
confounding factors such as difference in disease pro-
gression and symptoms. Since medical conditions will be
identified based on existing records, coding inaccuracies
may lead to misclassification bias. However, this mis-
classification will be non-differential since this would be
the case for the entire population. In addition, we cannot
ascertain based on the registry data that patients perfectly
adhere to the MOV regimen or took MOV at all after being
prescribed the medication. However, because only re-
deemed prescriptions are recorded in the Danish National
Prescription Registry, it is likely that most of the study
participants were exposed to MOV.

The limitations are that there is no comparison
group. Further, the high vaccine coverage and predom-
inance of infection with the Omicron variant during our
study period could result in lower hospitalization or death
rates compared to infection with other previous variants
of concern. Moreover, because there is currently no re-
liable distinction between COVID-19-related and non-
COVID-19-related deaths, we used all-cause mortality
as the outcome. This definition could also result in the

underestimation of MOV effectiveness due to its lack of
specificity. In addition, the lack of availability of some
risk factor information (obesity, smoking, physical ac-
tivity, etc.) could limit the full characterization of MOV-
treated patients in Denmark.

Since 27 February 2023, the Danish Health Authorities
no longer recommend MOV for treatment of early COVID-
19 in high-risk patients based on EMA recommending that
a marketing authorization should not be granted.”® In
consequence, the MOV European Union application for
marketing authorization for treatment of COVID-19 in
adult was withdrawn on 23 June 2023. According to the
WHO living guideline for COVID-19 drugs, NMV/r is the
preferred drug, but MOV is conditionally recommended for
patients with non-severe COVID-19 at highest risk of
hospitalization.?’

Conclusion

In Denmark, in the period December 2021 to April 2022
when Omicron was the predominant variant, MOV was
primarily prescribed to predominantly vaccinated older
patients with multiple comorbidities in accordance with the
guidelines from the Danish health authorities. The all-cause
hospitalization and mortality rate during 28 days of follow-
up were low in this population. In most cases, treatment was
initiated within 5 days after a positive test. Initiation of MOV
within 2 days after a positive test reduced the risk of all-cause
hospitalization and death. This indicates that even in a
population of immunized elderly high-risk patients infected
with Omicron prompt initiation of treatment with MOV may
have a beneficial effect on the clinical course of COVID-19.
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