
Articles
eClinicalMedicine
2023;64: 102225

Published Online xxx

https://doi.org/10.
1016/j.eclinm.2023.
102225
Effectiveness of molnupiravir vs nirmatrelvir-ritonavir in non-
hospitalised and hospitalised patients with COVID-19: a target
trial emulation study
Eric Yuk Fai Wan,a,b,c,j Vincent Ka Chun Yan,a,j Zoey Cho Ting Wong,c Celine Sze Ling Chui,b,d,e Francisco Tsz Tsun Lai,a,b Xue Li,a,b,f

Carlos King Ho Wong,a,b,c Ivan Fan Ngai Hung,f Chak Sing Lau,f Ian Chi Kei Wong,a,b,g,∗∗ and Esther Wai Yin Chana,b,h,i,∗

aLi Ka Shing Faculty of Medicine, Department of Pharmacology and Pharmacy, Centre for Safe Medication Practice and Research, The
University of Hong Kong, Hong Kong SAR, China
bLaboratory of Data Discovery for Health (D24H), Hong Kong Science and Technology Park, Hong Kong SAR, China
cLi Ka Shing Faculty of Medicine, Department of Family Medicine and Primary Care, School of Clinical Medicine, The University of Hong
Kong, Hong Kong SAR, China
dLi Ka Shing Faculty of Medicine, School of Nursing, The University of Hong Kong, Hong Kong SAR, China
eLi Ka Shing Faculty of Medicine, School of Public Health, The University of Hong Kong, Hong Kong SAR, China
fLi Ka Shing Faculty of Medicine, Department of Medicine, School of Clinical Medicine, The University of Hong Kong, Hong Kong SAR,
China
gAston Pharmacy School, Aston University, Birmingham B4 7ET, UK
hDepartment of Pharmacy, The University of Hong Kong-Shenzhen Hospital, Shenzhen, China
iThe University of Hong Kong, Shenzhen Institute of Research and Innovation, Shenzhen, China

Summary
Background Molnupiravir and nirmatrelvir-ritonavir have emerged as promising options for COVID-19 treatment,
but direct comparisons of their effectiveness have been limited. This study aimed to compare the effectiveness of
these two oral antiviral drugs in non-hospitalised and hospitalised patients with COVID-19.

Methods In this target trial emulation study, we used data from a territory-wide electronic health records database on
eligible patients aged ≥18 years infected with COVID-19 who were prescribed either molnupiravir or nirmatrelvir-
ritonavir within five days of infection between 16 March 2022 and 31 December 2022 in the non-hospitalised and
hospitalised settings in Hong Kong. A sequence trial approach and 1:1 propensity score matching was applied
based on age, sex, number of COVID-19 vaccine doses received, Charlson comorbidity index, comorbidities, and
drug use within past 90 days. Cox regression adjusted with patients’ characteristics was used to compare the risk
of effectiveness outcomes (all-cause mortality, intensive care unit (ICU) admission or ventilatory support and
hospitalisation) between groups. Subgroup analyses included age (<70; ≥70 years); sex, Charlson comorbidity
index (<4; ≥4), and number of COVID-19 vaccine doses received (0–1; ≥2 doses).

Findings A total of 63,522 non-hospitalised (nirmatrelvir-ritonavir: 31,761; molnupiravir: 31,761) and 11,784
hospitalised (nirmatrelvir-ritonavir: 5892; molnupiravir: 5892) patients were included. In non-hospitalised setting,
336 events of all-cause mortality (nirmatrelvir-ritonavir: 71, 0.22%; molnupiravir: 265, 0.83%), 162 events of ICU
admission or ventilatory support (nirmatrelvir-ritonavir: 71, 0.22%; molnupiravir: 91, 0.29%), and 4890 events of
hospitalisation (nirmatrelvir-ritonavir: 1853, 5.83%; molnupiravir: 3037, 9.56%) were observed. Lower risks of all-
cause mortality (absolute risk reduction (ARR) at 28 days: 0.61%, 95% CI: 0.50–0.72; HR: 0.43, 95% CI:
0.33–0.56) and hospital admission (ARR at 28 days: 3.73%, 95% CI: 3.31–4.14; HR: 0.72, 95% CI: 0.67–0.76) were
observed in nirmatrelvir-ritonavir users compared to molnupiravir users. In hospitalised setting, 509 events of all-
cause mortality (nirmatrelvir-ritonavir: 176, 2.99%; molnupiravir: 333, 5.65%), and 50 events of ICU admission or
ventilatory support (nirmatrelvir-ritonavir: 26, 0.44%; molnupiravir: 24, 0.41%) were observed. Risk of all-cause
mortality was lower for nirmatrelvir-ritonavir users than for molnupiravir users (ARR at 28 days: 2.66%, 95% CI:
1.93–3.40; HR: 0.59, 95% CI: 0.49–0.71). In both settings, there was no difference in the risk of intensive care
unit admission or ventilatory support between groups. The findings were consistent across all subgroup’s analyses.
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Interpretation Our analyses suggest that nirmatrelvir-ritonavir was more effective than molnupiravir in reducing the
risk of all-cause mortality in both non-hospitalised and hospitalised patients. When neither drug is contraindicated,
nirmatrelvir-ritonavir may be considered the more effective option.

Funding HMRF Research on COVID-19, The Hong Kong Special Administrative Region (HKSAR) Government;
Collaborative Research Fund, University Grants Committee, the HKSAR Government; and Research Grant from
the Food and Health Bureau, the HKSAR Government; the Laboratory of Data Discovery for Health (D24H)
funded by the AIR@InnoHK administered by Innovation and Technology Commission.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Two oral antivirals, nirmatrelvir-ritonavir and molnupiravir,
have been applied as the treatments for patients with COVID-
19 to reduce the risks of hospitalisation and death. We
searched Scopus and PubMed for studies published before 12,
June 2023, with search terms (“SARS-CoV-2” OR “COVID-19”)
AND ((“molnupiravir” OR “Lagevrio” OR “EIDD-2801”) OR
(“nirmatrelvir” OR “Paxlovid” OR “PF-07321332”)). The
majority of current evidence including the randomised control
trials and observational studies reported the effectiveness of
nirmatrelvir-ritonavir and molnupiravir treatments,
respectively, compared to non-users. Additional studies
directly comparing the efficacy of nirmatrelvir-ritonavir and
molnupiravir in both non-hospitalised and hospitalised
patients with COVID-19 are needed to inform clinical use of
these oral antivirals.

Added value of this study
This is one of the first real-world studies conducting direct
comparison on the effectiveness of nirmatrelvir-ritonavir and

molnupiravir in both non-hospitalised and hospitalised
patients with COVID-19. Nirmatrelvir-ritonavir was associated
with significant reduced risk of all-cause mortality at 28 days
among both non-hospitalised and hospitalised patients. For
non-hospitalised patients, nirmatrelvir-ritonavir also
associated significantly with decreased risk of hospitalisation.

Implications of all the available evidence
Several clinical guidelines prioritise the use of nirmatrelvir-
ritonavir over molnupiravir for patients without
contraindications to either treatment. Our study, which
utilised a large real-world population, directly compared the
clinical outcomes of nirmatrelvir-ritonavir and molnupiravir in
both non-hospitalised and hospitalised patients, and revealed
a greater clinical benefit with nirmatrelvir-ritonavir treatment.
However, further research is needed to confirm the
effectiveness of nirmatrelvir-ritonavir relative to molnupiravir.
Introduction
The ongoing spread of COVID-19 has highlighted the
need for effective antiviral treatments. Two oral antiviral
drugs, molnupiravir (Lagevrio) and nirmatrelvir-
ritonavir (Paxlovid) have shown promise as novel treat-
ment options for adults with COVID-19 from phase III
randomised controlled trials, namely the Evaluation of
Protease Inhibition for COVID-19 in High-Risk Patients
(EPIC-HR) trial and the Molnupiravir for Oral Treat-
ment of COVID-19 in an Outpatient Setting (MOVe-
OUT) trial.1,2 There is limited evidence directly
comparing the effectiveness of these two antiviral
treatments. Nevertheless, several clinical guidelines,
including National Institutes of Health from US and
National Health and Medical Research Council in
Australia, recommend nirmatrelvir–ritonavir over mol-
nupiravir, provided that patients do not have any con-
traindications to either drugs.3,4 Consequently,
understanding their relative effectiveness profiles is
crucial for informing public health policy and guiding
clinical practice.

The evidence on direct comparison of the efficacy of
these two antiviral treatments are limited. The results
from EPIC-HR trial and MOVe-OUT trial revealed 89%
and 30% relative risk reduction in hospitalisation and
mortality for nirmatrelvir-ritonavir and molnupiravir
treatments, respectively, compared to non-users among
unvaccinated patients.1,2 This indirect comparison has
limitations due to differences in study design and pa-
tient populations, which may affect the validity of the
conclusion. Meanwhile, only one recent observational
study conducted in US Veterans population concluded
no difference in hospitalisation and mortality between
1750 patients in each nirmatrelvir-ritonavir and mol-
nupiravir treatment group.5 However, their population
has a much higher proportion of males and prevalence
www.thelancet.com Vol 64 October, 2023
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of mental and physical health conditions compared to
the general population, which may not be fully repre-
sentative. Moreover, the study population consisted of a
relatively small sample size of non-hospitalised patients
with COVID-19 and, as a result, a limited number of
events. This may contribute to insufficient statistical
power for identifying differences between the groups. A
head-to-head comparison of the effectiveness of these
two antiviral treatments in the inpatient setting is
currently lacking. Given that antivirals are typically pri-
oritised for high-risk patients and previous studies,
including our own, have demonstrated potential ad-
vantages in using nirmatrelvir-ritonavir and molnupir-
avir for hospitalised patients with COVID-19,6,7 it is of
paramount importance to validate the existing evidence
and assess the comparative benefits in hospital setting
using a larger sample size.

In Hong Kong, the Department of Health (DH) has
approved the use of nirmatrelvir-ritonavir and molnu-
piravir in patients with COVID-19.8,9 Since February
2022, amidst a large local Omicron-dominant
outbreak,10 the government has been distributing these
two drugs free of charge to individual COVID patients
aged over 60 or at high risk of medical illness in both
non-hospitalised and hospitalised settings. Using a
target trial emulation design, the aim of this study was
to compare the effectiveness of molnupiravir and
nirmatrelvir-ritonavir in both non-hospitalised and
hospitalised patients with COVID-19 based on large
real-world population.
Methods
Data sources
We acquired clinical data from the Hospital Authority’s
(HA) routine electronic health records database, vacci-
nation records and confirmed COVID-19 case records
from the Department of Health (DH) of the Govern-
ment of the Hong Kong Special Administrative Region
(HKSAR). To integrate these databases, we used ano-
nymised unique patient identifiers. The HA, a statutory
administrative organisation in Hong Kong, manages all
public inpatient services and most public outpatient
services. The HA’s electronic health records database
contains information on patient demographics, di-
agnoses, prescriptions, and laboratory tests, providing
real-time data to support clinical management across all
clinics and hospitals within the HA. The DH maintains
a comprehensive database of vaccination records for all
individuals in Hong Kong, and keeps a database doc-
umenting every confirmed COVID-19 case, based on
both mandatory and voluntary reporting of positive Po-
lymerase Chain Reaction (PCR) and Rapid Antigen Test
(RAT) results. Death records were extracted from the
Hong Kong Deaths Registry, a government agency un-
der the HKSAR government responsible for maintain-
ing records of all registered deaths for all residents in
www.thelancet.com Vol 64 October, 2023
Hong Kong. These population-based databases have
been widely utilised in previous studies evaluating the
effectiveness of COVID-19 drugs and vaccinations.11–19

This study was approved by the Central Institutional
Review Board of the Hospital Authority of Hong Kong
(CIRB-2021-005-4) and the DH Ethics Committee
(LM171/2021). Anonymous data were extracted, and
written informed consent has been waived by the ethics
committee for de-identified electronic health records.

Study design and eligibility criteria
This study was a target trial emulation conducted using
territory-wide electronic health records databases in
Hong Kong. The use of target trial emulation helps
mitigate some of the typical challenges in observational
study designs such as immortal time and selection
biases.20–22 The specification and emulation of the target
trial is detailed in Supplementary Table S1. The inclu-
sion period commenced from 16 March 2022 (when
both molnupiravir and nirmatrelvir-ritonavir became
available in Hong Kong) to 31 December 2022 (to allow
28 days of follow-up). Patients aged ≥18 years who had a
COVID-19 infection (documented as a PCR/RAT posi-
tive result confirmed by DH) and received COVID-19
oral antivirals (molnupiravir or nirmatrelvir-ritonavir)
within five days were eligible. The index date was
defined as the date of molnupiravir or nirmatrelvir-
ritonavir prescription. Exclusion criteria include: (i) pa-
tients who had a history of COVID-19 infection before
index date and (ii) patients with contraindications to
nirmatrelvir-ritonavir or molnupiravir,23,24 including se-
vere liver impairment (cirrhosis, hepatocellular carci-
noma, or liver transplant), chronic kidney disease, and
use of interacting drugs (i.e., amiodarone, apalutamide,
rifampicin, rifapentine, carbamazepine, primidone,
phenobarbital, or phenytoin, direct oral anticoagulants)
within 90 days before index date. For the analysis of
each of each outcome, patients who had a history of the
outcome before index date were also excluded.

Sequence trial emulation
Two emulated target trials of the same design were
conducted separately for non-hospitalised and hospital-
ised patients with COVID-19 respectively, where non-
hospitalised patients referred to those not hospitalised
on or before index date, and hospitalised patients were
defined as those admitted to hospital within five days
before or on the index date. A sequence trial approach
was adopted to compare the risk of outcomes between
patients who received nirmatrelvir-ritonavir and patients
who received molnupiravir.25,26 All eligible non-
hospitalised patients newly prescribed molnupiravir
were matched 1:1 to eligible non-hospitalised patients
newly prescribed nirmatrelvir-ritonavir on each day
during the inclusion period. For eligible hospitalised
patients, matching was performed between molnupir-
avir and nirmatrelvir-ritonavir users on each week
3
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during the inclusion period. Propensity score matching
was used with caliper of 0.2 to emulate randomisation of
treatment assignment. Propensity scores were estimated
using logistic regression to predict the probability of
treatment assignment given the following baseline
covariates: age, sex, number of COVID-19 vaccine doses
received, Charlson comorbidity index (CCI), comorbid-
ities (cancer, respiratory disease, diabetes, myocardial
infarction, cerebrovascular disease, hypertension), and
drug use (renin-angiotensin-system agents, beta
blockers, calcium channel blockers, diuretics, nitrates,
lipid lowering agents, insulin, oral antidiabetic drugs,
antiplatelets, immuno-suppressants, corticosteroids,
proton pump inhibitors, histamine H2 receptor antag-
onists, tocilizumab, baricitinib, remdesivir and inter-
feron beta-1b) within past 90 days. These covariates
were selected since they were potential confounders of
COVID-19 oral antiviral treatments and mortality. In-
dividuals were followed up from the index date till the
earliest outcome occurrence, death, 28 days after index
date or the end of data availability (31 January 2023).

Outcomes
Effectiveness outcomes included (i) 28-day all-cause
mortality; (ii) intensive care unit (ICU) admission or
ventilatory support within 28 days; and (iii) hospital-
isation within 28 days (for community setting only). Use
of ventilatory support was identified using ICD-9 pro-
cedure codes (39.65, 89.18, 93.90, 93.95, 93.96, 96.7,
96.04).

Statistical analysis
Covariate balance in the matched cohort was assessed
where a standardised mean difference (SMD) between
groups of 0.1 or less for all covariates was considered
acceptable.27 Incidence rates were reported with 95%
confidence intervals estimated based on Poisson distri-
bution. Cox proportional hazards regression adjusted
with baseline covariates, which were the same as those
used in logistic regression in propensity score matching,
were used to compare the risk of outcomes between
molnupiravir recipients and nirmatrelvir-ritonavir re-
cipients. Hazard ratios with 95% confidence intervals
were reported. Absolute risk reduction (ARR) was re-
ported as the difference in rate of events for
nirmatrelvir-ritonavir recipients as compared with mol-
nupiravir recipients.

Pre-specified subgroup analyses stratified by vacci-
nation status (0–1, ≥2 vaccine doses received), age (<70,
≥70 years), sex (male, female), and CCI (0–3, ≥4) were
carried out. Interaction effects between treatment and
vaccination status, age (continuous variable), sex and
CCI (continuous variable) were also tested and the
P-values for interaction were reported.

Three sensitivity analyses were performed to evaluate
the robustness of the findings from the main analysis.
First, risk of outcomes among patients who received
COVID-19 drug treatments within three days instead of
five days were performed. Second, due to the slight
imbalance in baseline history of myocardial infection
between groups among hospitalised patients (SMD
0.130), the patients with baseline history of myocardial
infection were excluded. Third, E-value was computed to
assess the robustness of conclusions to potential un-
measured confounding. E-value is defined as
RR +

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

RR×(RR – 1)√
, in which RR refers to risk ratio

between treatment and outcome (reciprocal of RR will
be taken for RR <1, and RR is interchangeable with HR
for rate of event <15% by the end of follow-up). It is a
measurement of the minimal strength required for a
confounder to be associated with both treatment and
outcome to fully explain away the observed association
between treatment and outcome.28

All statistical tests were two-sided, with P values
below 0.05 deemed statistically significant. Statistical
analyses were performed using R version 4.0.3 (www.R-
project.org). For quality assurance purposes, two re-
searchers (VY, ZW) carried out the statistical analyses
independently. To ensure transparent reporting of the
cohort study, the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) statement
checklist was followed.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding authors had
full access to all the data in the study and took final
responsibility for the decision to submit for publication.
Results
After applying the eligibility criteria and matching,
63,522 non-hospitalised (nirmatrelvir-ritonavir: 31,761;
molnupiravir: 31,761) and 11,784 hospitalised (nirma-
trelvir-ritonavir: 5892; molnupiravir: 5892) patients were
included (Fig. 1). Among the non-hospitalised patients,
the mean (SD) age and proportion of male were 69.77
(12.8) years and 48.0% for nirmatrelvir-ritonavir re-
cipients, and 70.87 (14.1) years and 47.9% for molnu-
piravir recipients (Table 1). The majority of both
treatment groups were previously vaccinated with
BNT161b2 or CoronaVac [≥3 doses: 79.0% (nirma-
trelvir-ritonavir) vs 77.4% (molnupiravir); ≥2 doses:
91.3% (nirmatrelvir-ritonavir) vs 89.4% (molnupiravir)].
All baseline characteristics were well-balanced between
the two treatment groups with SMD <0.1 (Table 1).
Among hospitalised patients, the mean (SD) age and
proportion of male were 74.92 (14.6) years and 50.0%
for nirmatrelvir-ritonavir recipients, and 75.77 (15.8)
years and 50.1% for molnupiravir recipients (Table 1).
Most patients from both treatment groups were
www.thelancet.com Vol 64 October, 2023
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Fig. 1: Study flow diagram. Number of individuals included and excluded from the study based on the inclusion and exclusion criteria, and
performance of 1:1 propensity score matching was illustrated for non-hospitalised and hospitalised groups in the study flow diagram. Notes:
The patients were matched by gender, age, Charlson Comorbidity Index, vaccination status, pre-existing comorbidities and medication use
within 90 days at baseline.
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vaccinated [≥3 doses: 63.8% (nirmatrelvir-ritonavir) vs
63.1% (molnupiravir); ≥2 doses: 80.5% (nirmatrelvir-
ritonavir) vs 79.1% (molnupiravir)]. All baseline char-
acteristics were also well-balanced between the two
treatment groups with SMD <0.1, except for pre-existing
myocardial infarction (SMD 0.130) (Table 1). The base-
line characteristics of eligible patients before matching
was also displayed in Supplementary Table S2.

The 28-day cumulative incidence of outcomes
between groups were shown in Fig. 2. Both non-
hospitalised and hospitalised groups have been fol-
lowed up for a median of 28 days (Interquartile range
(IQR) 0 day). In non-hospitalised setting, 336 events of
all-cause mortality (nirmatrelvir-ritonavir: 71, 0.22%;
molnupiravir: 265, 0.83%), 162 events of ICU admission
or ventilatory support (nirmatrelvir-ritonavir: 71, 0.22%;
molnupiravir: 91, 0.29%), and 4890 events of hospital-
isation (nirmatrelvir-ritonavir: 1853, 5.83%; molnupir-
avir: 3037, 9.56%) were observed. Among these
non-hospitalised individuals, nirmatrelvir-ritonavir
users had lower rates of mortality (Absolute risk reduc-
tion (ARR) at 28 days 0.61%, 95% CI: 0.50–0.72) and
hospitalisation (ARR at 28 days 3.73%, 95% CI:
3.31–4.14), and had similar rate of ICU admission or
ventilatory support (ARR at 28 days 0.07%, 95%
CI: −0.02 to 0.14) compared to molnupiravir users
(Table 2). In hospitalised setting, 509 events of all-cause
mortality (nirmatrelvir-ritonavir: 176, 2.99%;
www.thelancet.com Vol 64 October, 2023
molnupiravir: 333, 5.65%), and 50 events of ICU
admission or ventilatory support (nirmatrelvir-ritonavir:
26, 0.44%; molnupiravir: 24, 0.41%) were observed.
Among the hospitalised individuals, the nirmatrelvir-
ritonavir group demonstrated a lower mortality rate
compared to the molnupiravir group (ARR at 28 days
2.66%, 95% CI: 1.93–3.40), and the rates of ICU
admission or ventilatory support were similar between
the two groups (ARR at 28 days −0.03%, 95% CI: −0.27 to
0.20) (Table 2). Consistent results were observed in
relative risk adjusted with patient characteristics.
Nirmatrelvir-ritonavir was associated with significantly
reduced risk of all-cause mortality among both non-
hospitalised (HR: 0.43, 95% CI: 0.33–0.56) and hospi-
talised patients (HR: 0.59, 95% CI: 0.49–0.71). For non-
hospitalised patients, nirmatrelvir-ritonavir was also
associated with a decreased risk of hospitalisation (HR:
0.72, 95% CI: 0.67–0.76) (Table 2).

The results were consistent for all-cause mortality
among both non-hospitalised and hospitalised in-
dividuals across all subgroups (Table 3). The findings on
ICU admission or ventilatory support and hospital-
isation were also similar across all subgroups for both
non-hospitalised and hospitalised patients
(Supplementary Table S3) Two sensitivity analyses, (i)
restricting patients received COVID-19 drug treatments
within three days from diagnosis, or (ii) excluding pa-
tients with pre-existing myocardial infarction, showed
5
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Characteristics Non-hospitalised (N = 63,522) Hospitalised (N = 11,784)

Nirmatrelvir-ritonavir (N = 31,761) Molnupiravir (N = 31,761) SMDa Nirmatrelvir-ritonavir (N = 5892) Molnupiravir (N = 5892) SMDa

Age, year–mean (SD) 69.77 (12.8) 70.87 (14.1) 0.081 74.92 (14.6) 75.77 (15.8) 0.056

Sex, Male (%) 15,250 (48.0) 15,216 (47.9) 0.002 2948 (50.0) 2951 (50.1) 0.001

Charlson Comorbidity Index–mean (SD) 3.19 (1.7) 3.36 (1.8) 0.099 4.08 (2.1) 4.24 (2.2) 0.071

COVID-19 vaccination (%) 0.072 0.071

Unvaccinated 1885 (5.9) 2176 (6.9) 867 (14.7) 856 (14.5)

1 dose 859 (2.7) 1191 (3.7) 280 (4.8) 374 (6.3)

2 doses 3916 (12.3) 3801 (12.0) 984 (16.7) 942 (16.0)

≥3 doses 25,101 (79.0) 24,593 (77.4) 3761 (63.8) 3720 (63.1)

Pre-existing comorbidities (%)

Cancer 2074 (6.5) 2171 (6.8) 0.012 591 (10.0) 567 (9.6) 0.014

Respiratory disease 1304 (4.1) 1582 (5.0) 0.042 506 (8.6) 512 (8.7) 0.004

Diabetes 9038 (28.5) 9127 (28.7) 0.006 1854 (31.5) 1929 (32.7) 0.027

Myocardial infarction 410 (1.3) 755 (2.4) 0.081 225 (3.8) 377 (6.4) 0.117

Cerebrovascular disease 2931 (9.2) 3500 (11.0) 0.059 1067 (18.1) 1208 (20.5) 0.061

Hypertension 16,133 (50.8) 16,273 (51.2) 0.009 3192 (54.2) 3241 (55.0) 0.017

Medication use within 90 days (%)

Renin-angiotensin-system agents 10,194 (32.1) 10,679 (33.6) 0.033 1952 (33.1) 2062 (35.0) 0.039

Beta blockers 6695 (21.1) 7224 (22.7) 0.040 1371 (23.3) 1511 (25.6) 0.055

Calcium channel blockers 13,552 (42.7) 14,063 (44.3) 0.032 2614 (44.4) 2711 (46.0) 0.033

Diuretics 1996 (6.3) 2630 (8.3) 0.077 728 (12.4) 883 (15.0) 0.077

Nitrates 2129 (6.7) 2727 (8.6) 0.071 605 (10.3) 716 (12.2) 0.060

Lipid lowering agents 16,212 (51.0) 16,733 (52.7) 0.033 2855 (48.5) 3034 (51.5) 0.061

Insulins 1120 (3.5) 1434 (4.5) 0.050 446 (7.6) 534 (9.1) 0.054

Antidiabetic drugs 7710 (24.3) 7862 (24.8) 0.011 1527 (25.9) 1589 (27.0) 0.024

Antiplatelets 7928 (25.0) 9091 (28.6) 0.083 2030 (34.5) 2291 (38.9) 0.092

Immuno-suppressants 326 (1.0) 650 (2.0) 0.083 99 (1.7) 174 (3.0) 0.085

Corticosteroids 643 (2.0) 1117 (3.5) 0.091 379 (6.4) 430 (7.3) 0.034

Proton pump inhibitors 7249 (22.8) 8561 (27.0) 0.096 2124 (36.0) 2347 (39.8) 0.078

Histamine H2 receptor antagonists 7306 (23.0) 7463 (23.5) 0.012 1452 (24.6) 1493 (25.3) 0.016

Tocilizumab 0 (0.0) 0 (0.0) <0.001 0 (0.0) 1 (0.0) 0.018

Baricitinib 0 (0.0) 0 (0.0) <0.001 3 (0.1) 1 (0.0) 0.018

Remdesivir 0 (0.0) 0 (0.0) <0.001 34 (0.6) 35 (0.6) 0.002

Interferon beta-1b 0 (0.0) 0 (0.0) <0.001 2 (0.0) 2 (0.0) <0.001

SMD = standardised mean difference; SD = standard deviation. aSMD <0.1 indicates balance between groups.

Table 1: Baseline characteristics of COVID-19 patients after one-to-one propensity score matching.
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similar results as the main analysis (Supplementary
Tables S4 and S5). The E-value for all-cause mortality
using estimated of HR in non-hospitalised and hospi-
talised groups were 4.08 and 2.78, respectively
(Supplementary Table S6). These findings suggest that
unobserved confounding variable with at least a 4.08
and 2.78-fold stronger association with mortality would
be needed to explain away these significant HR, thus
our conclusions are likely robust to potential unmea-
sured confounding.

Discussion
There was a greater reduction in the risk of all-cause
mortality when comparing nirmatrelvir-ritonavir treat-
ment to molnupiravir in both non-hospitalised and
hospitalised patients. When neither drug is
contraindicated, nirmatrelvir-ritonavir may be consid-
ered as a more effective option.

Our study findings differ from a previous study
conducted on the US Veterans population, which found
no observable difference between nirmatrelvir-ritonavir
and molnupiravir treatments.6 The discrepancy in hos-
pitalisation risk between the two studies may be attrib-
uted to various factors, including differences in health
seeking behaviours and hospitalisation criteria between
Hong Kong and the US. However, the point estimator of
risk of mortality may be similar between their (risk ratio:
0.50, 95% CI: 0.09–2.73) and our study (hazard ratio:
0.43, 95% CI: 0.33–0.56). Compared to their study, our
study had a higher sample size and number of events,
providing sufficient statistical power to detect differ-
ences. Indeed, our conclusion is also supported by
www.thelancet.com Vol 64 October, 2023
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Fig. 2: 28-day cumulative incidence of outcomes. The 28-day cumulative incidence of outcomes between molnupiravir and nirmatrelvir-
ritonavir users in non-hospitalised and hospitalised setting was displayed. ICU = intensive care unit.

Articles
indirect evidence from the EPIC-HR and MOVe-OUT
trials.1,2 Further, a UK-based Platform Adaptive trial of
NOvel antiviRals for eArly treatMent of Covid-19 In the
Outcomes Non-hospitalised (N = 63,522)

Nirmatrelvir-ritonavir (N = 31,761)

Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,
person days)

Effectiveness outcome

All-cause mortality 71 0.22 888,257 0.80 (0.62, 1.01)

ICU admission or
ventilatory support

71 0.22 887,099 0.80 (0.63, 1.01)

Hospitalisation 1853 5.83 855,325 21.66 (20.69, 22.67)

Hospitalised (N = 11,784)

Nirmatrelvir-ritonavir (N = 5892)

Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,
person days)

Effectiveness outcome

All-cause mortality 176 2.99 162,361 10.84 (9.30, 12.57)

ICU admission or
ventilatory support

26 0.44 162,046 1.60 (1.05, 2.35)

ARR = absolute risk reduction; CI = confidence interval; HR = hazard ratio; ICU = intensi
Comorbidity Index and vaccination status, pre-existing comorbidities, and medication u

Table 2: Risk of outcomes for COVID-19 patients receiving nirmatrelvir-riton

www.thelancet.com Vol 64 October, 2023
Community (PANORAMIC) trial in the United
Kingdom even found no reduction of hospitalisations or
mortality among molnupiravir group compared to
Molnupiravir (N = 31,761) ARR (95% CI) (%) Adjusted HR (95%
CI)a

000 Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,000
person days)

265 0.83 885,787 2.99 (2.64, 3.37) 0.61 (0.50, 0.72) 0.43 (0.33, 0.56)

91 0.29 884,419 1.03 (0.83, 1.26) 0.07 (−0.02, 0.14) 0.98 (0.72, 1.35)

3037 9.56 831,893 36.51 (35.22, 37.83) 3.73 (3.31, 4.14) 0.72 (0.67, 0.76)

Molnupiravir (N = 5892) ARR (95% CI) (%) Adjusted HR
(95% CI)a

000 Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,000
person days)

333 5.65 159,934 20.82 (18.64, 23.18) 2.66 (1.93, 3.40) 0.59 (0.49, 0.71)

24 0.41 159,628 1.50 (0.96, 2.24) −0.03 (−0.27, 0.20) 1.09 (0.63, 1.91)

ve care unit. aHazard ratios were obtained from Cox proportional hazard regression adjusted by sex, age, Charlson
se within 90 days at baseline.

avir compared with molnupiravir
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Subgroups Non-hospitalised (N = 63,542)

Nirmatrelvir-ritonavir (N = 31,771) Molnupiravir (N = 31,771) ARR (95% CI) (%) Adjusted HR
(95% CI)a

P-value for
interaction

Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,000
person days)

Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,000
person days)

All-cause
mortality

Age, years 0.69

<70 5 0.03 418,569 0.12 (0.04, 0.28) 11 0.08 393,311 0.28 (0.14, 0.50) 0.05 (−0.01, 0.10) 0.48 (0.16, 1.44)

≥70 66 0.39 469,688 1.41 (1.09, 1.79) 254 1.43 492,476 5.16 (4.54, 5.83) 1.04 (0.84, 1.24) 0.42 (0.32, 0.56)

Sex 0.36

Male 41 0.27 426,346 0.96 (0.69, 1.30) 123 0.81 424,446 2.90 (2.41, 3.46) 0.54 (0.38, 0.70) 0.46 (0.32, 0.66)

Female 30 0.18 461,911 0.65 (0.44, 0.93) 142 0.86 461,341 3.08 (2.59, 3.63) 0.68 (0.52, 0.83) 0.38 (0.25, 0.56)

CCI 0.13

0–3 4 0.02 534,382 0.07 (0.02, 0.19) 19 0.11 487,031 0.39 (0.23, 0.61) 0.09 (0.04, 0.14) 0.20 (0.07, 0.58)

≥4 67 0.53 353,875 1.89 (1.47, 2.40) 246 1.71 398,756 6.17 (5.42, 6.99) 1.18 (0.94, 1.43) 0.45 (0.34, 0.59)

COVID-19
vaccination

0.66

0–1 dose 14 0.74 52,553 2.66 (1.46, 4.47) 73 3.35 59,969 12.17 (9.54, 15.31) 2.61 (1.76, 3.46) 0.36 (0.20, 0.64)

≥2 doses 57 0.19 835,704 0.68 (0.52, 0.88) 192 0.65 825,818 2.32 (2.01, 2.68) 0.46 (0.35, 0.56) 0.44 (0.33, 0.60)

Hospitalised (N = 11,784)

Nirmatrelvir-ritonavir (N = 5892) Molnupiravir (N = 5892) ARR (95% CI) (%) Adjusted HR
(95% CI)a

P-value for
interaction

Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,000
person days)

Events Rate
(%)

Follow-up
(days)

Incidence rate (per 10,000
person days)

All-cause
mortality

Age, years 0.87

<70 21 1.27 45,939 4.57 (2.83, 6.99) 40 2.42 45,577 8.78 (6.27, 11.95) 1.15 (0.23, 2.07) 0.44 (0.25, 0.76)

≥70 155 3.66 116,422 13.31 (11.30, 15.58) 293 6.91 114,357 25.62 (22.77, 28.73) 3.25 (2.31, 4.20) 0.63 (0.51, 0.76)

Sex 0.14

Male 102 3.46 80,997 12.59 (10.27, 15.29) 158 5.35 80,298 19.68 (16.73, 23.00) 1.89 (0.85, 2.94) 0.67 (0.52, 0.86)

Female 74 2.51 81,364 9.09 (7.14, 11.42) 175 5.95 79,636 21.97 (18.84, 25.48) 3.44 (2.41, 4.46) 0.52 (0.39, 0.69)

CCI 0.51

0–3 16 0.78 57,398 2.79 (1.59, 4.53) 26 1.40 51,649 5.03 (3.29, 7.38) 0.62 (−0.03, 1.28) 0.47 (0.25, 0.90)

≥4 160 4.17 104,963 15.24 (12.97, 17.80) 307 7.61 108,285 28.35 (25.27, 31.71) 3.44 (2.40, 4.47) 0.60 (0.50, 0.73)

COVID-19
vaccination

0.050

0–1 dose 45 5.19 23,594 19.07 (13.91, 25.52) 83 9.70 22,794 36.41 (29.00, 45.14) 4.51 (2.03, 6.98) 0.53 (0.36, 0.77)

≥2 doses 131 2.61 138,767 9.44 (7.89, 11.20) 250 4.96 137,140 18.23 (16.04, 20.63) 2.35 (1.61, 3.10) 0.60 (0.48, 0.74)

ARR = absolute risk reduction; CI = confidence interval; HR = hazard ratio; CCI = Charlson Comorbidity Index. aHazard ratios were obtained from Cox proportional hazard regression adjusted by sex, age,
Charlson Comorbidity Index and vaccination status, pre-existing comorbidities, and medication use within 90 days at baseline.

Table 3: Subgroup analysis for all-cause mortality.
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control group among high-risk vaccinated non-
hospitalised patients.29 Two US-based observational
studies reported a reduction in hospitalisation and
mortality among nirmatrelvir-ritonavir users compared
to non-users in populations with high COVID-19 vac-
cine uptake (HR of hospitalisation or mortality: 0.20,
95% CI: 0.02–0.5030; Odd ratio (OR) of hospitalisation:
0.45, 95% CI: 0.33–0.6231; OR of mortality: 0.15, 95% CI:
0.03–0.5031). Another US-based observational study
demonstrated that molnupiravir was associated with a
decrease in hospital admissions or mortality (relative
risk 0.72, 95% CI: 0.64–0.7932). In the inpatient setting,
two Hong Kong-based studies showed reductions in
hospitalisation and mortality among nirmatrelvir-
ritonavir and molnupiravir users compared to non-
users (HR in nirmatrelvir-ritonavir: 0.77, 95% CI:
0.66–0.906; HR in molnupiravir: 0.87, 95% CI: 0.81–
0.936; HR in nirmatrelvir-ritonavir: 0.34, 95% CI:
0.23–0.507; HR in molnupiravir: 0.48, 95% CI:
0.40–0.597). Notably, the molnupiravir for Oral Treat-
ment of COVID-19 in an outpatient setting (MOVe-In)
showed no reduction in mortality among the majority of
patients with severe illness who required oxygen therapy
or remdesivir.33 These results from indirect comparison
www.thelancet.com Vol 64 October, 2023
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indicated that the risk of hospitalisation and mortality
among nirmatrelvir-ritonavir or molnupiravir users was
lower compared to non-users, and the magnitude of risk
reduction was reported to be lower among nirmatrelvir-
ritonavir users than molnupiravir users relative to non-
users. On the top of current evidence, our findings
provided a direct comparison between nirmatrelvir-
ritonavir and molnupiravir in both non-hospitalised
and hospitalised patients and highlighted a greater
clinical benefit in nirmatrelvir-ritonavir treatment.

Nirmatrelvir-ritonavir and molnupiravir have distinct
mechanisms of action, which may contribute to differ-
ences in their effectiveness. Nirmatrelvir-ritonavir tar-
gets the main protease of the SARS-CoV-2 virus,34

inhibiting its replication, while molnupiravir interferes
with the viral RNA replication process by causing errors
during replication.35 In addition, ritonavir, serves as a
pharmacokinetic enhancer for nirmatrelvir, increasing
its blood concentration and resulting in greater antiviral
activity against the virus.23 These differences in mecha-
nisms of action and pharmacokinetics may play a role in
the variations observed in the effectiveness of these two
antiviral drugs. Further research is warranted to fully
elucidate how their mechanisms of action and phar-
macokinetics could impact antiviral effectiveness.

Our current findings showed that nirmatrelvir-
ritonavir users were associated with a lower risk of
mortality but not ICU admission or the need for venti-
latory support compared to molnupiravir users. It is
important to note that the present study was conducted
amidst the peak of the fifth wave of COVID-19 in Hong
Kong. Due to overwhelmed public hospitals and limited
ICU bed space, some patients may have unfortunately
died while waiting for ICU admission. Additionally, the
diagnosis coding used to determine ventilator use in the
electronic database could have led to underdiagnosis.
Hence, the risk of ICU admission or the need for
ventilatory support may have been underestimated in
our study. Despite these limitations, our findings sug-
gest that nirmatrelvir-ritonavir is an effective choice of
oral antivirals in reducing all-cause mortality for both
non-hospitalised and hospitalised patients. Further
studies are needed to evaluate the effectiveness of both
drugs in reducing COVID-19 complications using other
outcome measures.

While our study revealed higher treatment effec-
tiveness with nirmatrelvir-ritonavir compared to mol-
nupiravir, this finding should be interpreted with
caution. Ritonavir is a potent inhibitor of the CYP3A4
enzyme, which plays a critical role in the metabolism of
numerous drugs. The concurrent use of ritonavir with
drugs like anticoagulants and antiarrhythmic drugs,
which are metabolised by CYP3A4, may result in
elevated blood levels of the concomitant drugs, poten-
tially leading to significant drug interactions and sub-
sequent adverse effects or toxicity.36 Furthermore,
nirmatrelvir-ritonavir is not recommended for patients
www.thelancet.com Vol 64 October, 2023
with severe liver or renal impairment.36 In contrast,
molnupiravir is contraindicated for pregnant or breast-
feeding patients, but no known drug-drug interactions
have been reported.24 Consequently, nirmatrelvir-
ritonavir has several limitations and is not suitable for
all patients. Given the observed clinical improvement in
molnupiravir users compared to non-users, molnupir-
avir remains a valuable treatment choice for patients
with COVID-19 when nirmatrelvir-ritonavir is less
clinically appropriate.

This study has several strengths and limitations.
Among the strengths, this is the first territory-wide real-
world study comparing molnupiravir and nirmatrelvir-
ritonavir in both non-hospitalised and hospitalised
settings. Our findings supplement RCT data with direct
evidence of how the two oral antiviral drugs compare to
each other in terms of the effectiveness. The use of
comprehensive data from territory-wide electronic
health records database in Hong Kong confers high
population representativeness, and the adoption of a
target trial emulation approach helped mitigate many of
the typical challenges and biases in observational data
analyses.

This study had several limitations. Firstly, informa-
tion on COVID-19 symptom onset was not available and
was proxied with the date of first positive PCR/RAT
result. Secondly, data on body mass index was not
available and could not be accounted for despite a higher
BMI being an independent indicator of risk of long
COVID.37 However, common sequalae of obesity
including diabetes, use of lipid-lowering drugs and hy-
pertension were accounted for in our analyses. More-
over, these two limitations are applied in both treatment
groups, and thus should not affect the interpretation of
the results. Thirdly, information on adherence to treat-
ments and reasons for drug discontinuation were not
available. Fourth, information on mortality caused by
COVID-19 was not available. Fifth, since molnupiravir
and nirmatrelvir-ritonavir were distributed free of
charge to COVID patients aged over 60 in both non-
hospitalised and hospitalised settings by the Hong
Kong government started from February 2022, the
mean age of the study population was relatively high.
Lastly, as with all observational studies, there remains a
possibility of residual confounding by indication, even
though patients with potential contraindications to
either oral antiviral had been excluded from the
analyses.

To conclude, in this population-based target trial
emulation, our findings suggest that nirmatrelvir-
ritonavir treatment is more effective than molnupiravir
in reducing the risk of all-cause mortality in both hos-
pitalised and non-hospitalised patients. In clinical set-
tings where there are no contraindications to the use of
either antiviral drugs, nirmatrelvir-ritonavir may be su-
perior based on drug effectiveness. Our study highlights
the importance of considering the relative effectiveness
9
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of different treatment options when making clinical
decisions.
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