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Summary
Background Real-world data is currently limited on the association between oral antiviral therapy and healthcare
system burden in patients with mild-to-moderate COVID-19. This study aims to evaluate the clinical and cost effec-
tiveness of Molnupiravir and Nirmatrelvir-ritonavir use in reducing mortality in this population.

Methods This is a retrospective cohort study involving 54,355 COVID-19 patients during February 22−March
31,2022 in Hong Kong. Inverse probability of treatment weighting (IPTW) was used to adjust patient characteristics.
Our exposure of interest was Molnupiravir/Nirmatrelvir-Ritonavir prescription, with all-cause mortality as the pri-
mary outcome. IPTW-adjusted multivariate regressions were used to estimate treatment impact on clinic re-atten-
dance and unplanned admissions. Finally, attributed cost and incremental cost-effectiveness ratios (ICER) were
estimated.

Findings In the outpatient cohort (N = 33,217, 61.1%), 16.1% used Molnupiravir and 13.4% used Nirmatrelvir-Ritona-
vir, while in the inpatient cohort (N = 21,138, 38.9%), 3.8% used Molnupiravir and 1.3% used Nirmatrelvir-Ritonavir.
IPTW-adjusted Cox model estimated that Molnupiravir (hazard ratio (HR)(95%CI)=0.31 (0.24-0.40), P< 0.0001)
and Nirmatrelvir-Ritonavir (HR=0.10 (95%CI 0.05-0.21), P< 0.0001) were significantly associated with a reduced
mortality hazard. In the outpatient cohort, both antiviral prescriptions were associated with reduced odds for
unplanned hospital admissions (Molnupiravir: odds ratio (OR) =0.72 (0.52-0.98), P=0.039; Nirmatrelvir-Ritonavir:
OR=0.37 (0.23-0.60), P<0.0001). Among hospitalised patients, both antiviral prescriptions were associated with sig-
nificant reductions in the odds ratios for 28-days readmission (Molnupiravir: OR=0.71 (0.52-0.97), P=0.031; Nirma-
trelvir-Ritonavir: OR=0.47 (0.24-0.93), P=0.030). ICERs for death averted for Molnupiravir stood at USD493,345.09
in outpatient settings and USD2,629.08 in inpatient settings. In outpatient settings, Nirmatrelvir-ritonavir cost
USD331,105.27 to avert one death, but saved USD5,502.53 to avert one death in comparison with standard care.

Interpretation In high-risk patients in Hong Kong with mild-to-moderate COVID-19, Molnupiravir and Nirmatrel-
vir-Ritonavir prescriptions were associated with reduced all-cause mortality and significant cost savings.
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Research of context

Evidence before this study

Oral antivirals, such as Molnupiravir and Nirmatrelvir-
Ritonavir, are important treatment option caring for
people with mild-to-moderate COVID-19. In randomized
controlled trials, both antivirals demonstrated a signifi-
cant reduction in risk of hospitalization or deaths.
Recent real work data in Israel shows that Nirmatrelvir-
Ritonavir is highly effective in reducing risk of severe
COVID-19 and mortality, but currently no evidence
reported the impact. Further investigation is needed to
understand the association between oral antiviral ther-
apy and healthcare system burden in this population.

Added value of this study

In this retrospective cohort study that used inverse
probability of treatment weighting-adjusted analysis
and included 54,355 patients with mild-to-moderate
COVID-19, early oral antiviral (Molnupiravir or Nirmatrel-
vir-Ritonavir) use, compared with no oral antiviral use,
was significantly associated with a lower risk of all-cause
mortality (hazard ratios, 0.31 for Molnupiravir and 0.10
for Nirmatrelvir-ritonavir respectively).

Implications of all the available evidence

Among high-risk COVID-19 patients in mild condition,
antiviral therapy was significantly associated with a
lower risk of mortality.
Introduction
With increasing understanding of the SARS-CoV-2,
there has been significant progress in therapeutic
options available to COVID-19 patients,1 in outpatient
facilities. Antiviral agents, such as Molnupiravir and
Nirmatrelvir-ritonavir, are expected to reduce virus rep-
lication to prevent hospitalization, clinical deterioration
and mortality. Molnupiravir, for instance, reduced hos-
pitalization or death at 29 days by 30% in a random-
ized-controlled trial,2 while Nirmatrelvir-ritonavir, in a
Phase III study, showed a 89% reduction in
hospitalization or death.3 Based on this evidence, these
two antiviral prescriptions have been recommended for
patients with non-severe COVID-19 at highest risk of
hospitalisation.4

The first cluster of COVID-19 patients attributable to
the Omicron variant in Hong Kong were identified on 6
January, 2022.5 As of 30 April 2022, approximately
1.2 million cases and 9,095 deaths were reported in
Hong Kong, although 82.6% and 43.1% of the popula-
tion had been immunised with the 2nd and 3rd vaccine
dose, respectively.6

Emerging evidence for the relative benefit of one oral
antiviral agent strategy over another in high-risk
COVID-19 patients remains limited. Having considered
the socio-economic implications that public health
interventions have incurred in different jurisdictions,7,8

oral antivirals are considered a potential protection
against the potential of the health care system to be
overwhelmed. However, the cost analysis of these
agents is equally important to ensure that health care
systems are financially sustainable. In order to address
these issues, we analysed real-world data from the Hos-
pital Authority, a publicly-funded health care system
that covers 7.4 million population in Hong Kong, to
evaluate the association of two antiviral prescriptions
with all-cause mortality, and their economic implication
among high-risk patients with mild to moderate
COVID-19.
Methods
In line with World Health Organization guidance,9

COVID-19 can be confirmed through a positive nucleic
acid amplification test (NAAT), or by a positive diagnos-
tic rapid antigen test (RAT) with contact history. We
used laboratory data and diagnostic codes (International
Classification of Diseases, the Ninth Revision, Clinical
Modification (ICD-9-CM): 519.8(8)) to identity COVID-
19 patients admitted into hospitals through emergency
departments (ED) (inpatient cohort) between 22 Febru-
ary and 31 March 2022. Our outpatient cohort were
those patients who attended the Designated Clinics dur-
ing that period. The Hospital Authority is the statutory
body that operates all public hospitals and clinics in
www.thelancet.com Vol 30 January, 2023
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Hong Kong, including 23 time-limited designated clin-
ics for outpatient COVID-19 treatments, and that was
responsible for all COVID-19 related treatments during
the study period. A unique identifier linked all health
records, pharmaceutical data, and death cause. The out-
patient cohort was followed-up until 15 April 2022; and
the inpatient cohort was followed-up until 25 April
2022.

We defined the index date as the date of first desig-
nated clinic attendance (outpatient cohort), and the date
of positive NAAT, or the date of admission of an episode
coded for COVID-19 (inpatient cohort). We excluded
patients from the inpatient cohort who visited desig-
nated clinics after discharge from hospital as a previous
COVID-19 admission. This study was approved, and the
requirement for obtaining patient informed consent
was waived by the Hospital Authority Hong Kong West
Cluster/The University of Hong Kong institutional
review board (UW 20-112). The protocol for this study is
attached in supplementary materials e-1.
Exposure
Our exposure of interest was Molnupiravir and Nirma-
trelvir-ritonavir prescriptions among mild-to-moderate
COVID-19 patients, with an increased risk of deteriora-
tion including old-age and chronic disease patients.10

We included patients who were aged ≥ 60 years or
younger patients with at least one chronic disease. We
excluded firstly those patients who received Remdesivir,
Dexamethasone, Interferon-Beta 1b, and plasma infusion;
secondly, considering the delayed access to antivirals dur-
ing the early stage of roll out, patients who received Mol-
nupiravir or Nirmatrelvir-ritonavir later than 7 days from
the index date; and thirdly, those patients who received
prescriptions before the index date.

The standard course of both antivirals was 5 days,10

followed by a second course with viable duration as
needed. In Hong Kong, patients who had been treated
with a full course of antiviral in outpatient clinics may be
given another course in the ward after hospital admis-
sion, as determined by clinical judgment of ward physi-
cians. e-Figure 1 outlines our selection of population.
Outcomes
The primary outcome was 28-day all-cause mortality (e-
Table 1). The secondary outcomes include re-attendance
to the designated clinic or subsequent hospital admis-
sion through ED within 28 days from index date in the
outpatient cohort; and unplanned readmission through
ED within 28 days in the inpatient cohort. The eco-
nomic burden was evaluated through estimation of the
total attributed healthcare cost reduction from both anti-
virals by operational cost. The incremental cost-effec-
tiveness ratio (ICER) was estimated for each antiviral,
compared with control subjects.
www.thelancet.com Vol 30 January, 2023
Covariates
For each patient, we obtained their demographics
including age (<60, 60−69, 70−79, 80−89, and
≥90), sex, and their past health 2 years before the index
date. We included the comorbidities that were predictive
to one-year mortality (e-Table 2).11 The inpatient cohort
was adjusted for care home residency. For the outpa-
tient cohort, their ethnicities and socioeconomic status
(denoted by social security status at index date) were
adjusted in addition to their comorbidities.
Statistical analysis
Using univariate and multivariable analysis, we tested
the hypothesis that both antivirals could impact on all-
cause mortality, healthcare utilization outcomes, bur-
den on the healthcare system, and its attributable cost.
Descriptive statistics were presented as mean (SD),
median (interquartile range, IQR) and percentage (%)
as appropriate. We adopted inverse probability of treat-
ment weighting-adjusted analysis (IPTW)12 to account
for the observed differences in the baseline characteris-
tics among groups. Covariate balance was evaluated by
comparing the standardized mean differences (SMD)
among groups.13,14 For each covariate, the chi-square
test was used for each of the categorical and binary cova-
riates. One-way analysis of variance (ANOVA) was used
for each of continuous variables in order to determine
inter-group differences. Sensitivity analyses were then
conducted with IPTW adjustments using two groups
(combined antivirals; and control subjects) instead of
three.

For our primary outcome, IPTW-adjusted Kaplan-
Meier curves were drawn and pairwise log-rank tests
were used to compare the mortality among the three
groups. An IPTW-adjusted Cox proportional hazard
regression model was adopted in order to estimate sur-
vival time in hazard ratio (HR) with 95% confidence
interval (95%CI), adjusted for age group, sex, care
home residency, and comorbidities in the inpatient
cohort. Results were stratified by the patients’ sex, age
group, care home residency, and whether they had acute
myocardial infarction, chronic obstructive pulmonary
disease, peptic ulcer disease, mild liver disease, hemi-
plegia or paraplegia, moderate/severe liver disease, met-
astatic cancer, or AIDS/HIV at baseline. We also tested
the proportional hazard assumption of the Cox model,
to avoid biased effect estimate, with the global Schoen-
feld Residual Test.

For our secondary outcomes, IPTW-adjusted binary
logistic regression were used to estimate the effect of
intervention on binary outcomes (28-day reattendance,
28-day hospital readmission, and ED visit). We have
considered the following assumptions of binary logistic
regressions, namely: (1) a binary outcome for the binary
logistic regression; (2) absence of multicollinearity; and
(3) no influential outliners. Models were checked for
3
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potential collinearity using standardized variance infla-
tion factor (cut-off: >5), and influential outliners using
Cook’s distance (cutoff: >1) and standardized residuals
(cutoff: >3). Significance level was set at 5% and all anal-
yses were implemented using the R version 4.0.3 with
RStudio 2022.07.0-548, and the packages “WeightIt
(version 0.12.0)”14 for IPTW adjustment, “survminer
(version 0.4.9)”15 and “survival (version 3.3.1)”16 for sur-
vival analysis; and the glm function in “stats (version
4.2.0)16,17” for logistic regressions. We then plotted the
results with package “ggplot2 (version 3.3.6)”.18 We con-
sidered using zero-inflated negative binomial regres-
sions in fitting the number of clinic reattendance and
hospital admissions in earlier version of this analysis.
However, we noticed that the models fit better in binary
logistic regressions, and therefore transformed the
count data into binary data for the main analysis.

For healthcare expenditure, we adopted the gross
patient charge without subsidy, per clinic visit with a
value of USD 151.6 (HKD1,190), ED visit USD 156.7
(HKD 1,230), and an acute hospital day USD 649.74
(HKD 5,100) − which included consultation, investiga-
tion, and treatment.19 We determined the attributable
healthcare burden by multiplying the fraction of health
utilization that could be attributable to the prescriptions.
We also considered applying the mean hospital length
of stay (LOS) in their first hospital re-admission after
the index visit for the cost of inpatient admission. Cost
saved from reduced mortality was estimated using the
value of a statistical life method (VSL), which is an eco-
nomic measure of a person’s preference on death risk
and wage in a given sample over a year.20 VSL could be
estimated by maximizing a person’s expected indirect
utility by the following equation21:

VSL � �dw
dp

¼ u wð Þ � v wð Þ
pu0 wð Þ þ 1� pð Þv0 wð Þ

where p is the probability of the person surviving the
period, dw/dp is the negative rate of wealth with respect
to the probability of the person survived (negative value
of differentiation of w with respect to p), u(w) is the util-
ity of wealth w if the person survives the period, v(w) is
the utility of wealth w if they die, u’(w) is the first deriva-
tive of the function u(w), and v’(w) is the first derivative
of the function v(w).

In this article, we referenced VSL in Hong Kong at
USD 2.20 million per statistical life in 2016,22 adjusted
for the inflation rate in 2021.23 The 95% CI for risk esti-
mates were used to calculate the range of cost estima-
tions. For cost-effectiveness, we considered the
probability of survival for a COVID-19 patient admitted
into hospital (inpatient cohort) or who attended the clin-
ics (outpatient cohort), respectively, during the study
observation period in this study. The patient could
receive either antivirals, or standard care (control sub-
jects). Costs were estimated by adding the costs of anti-
virals (Molnupiravir: USD141.4/day; Nirmatrelvir-
ritonavir: USD105.8/day),24 clinic visit (for outpatient
cohort), ED visit, and inpatient care during the period. All
costs are given in US dollars (USD1 = HKD7.8).25 In an
earlier version of this analysis, we considered adopting
decision trees in ICER estimation based on secondary
aggregate data,26,27; however, to better reflect cost-effec-
tiveness in the local context, we used real-world treatment
data for cost and effectiveness estimation instead based
on the methods reported in a previous study.28

Role of the funding source
The funders did not have any role in study design, data
collection, data analysis, interpretation and writing of
this manuscript.
Results
Table 1 shows the unadjusted and IPTW-adjusted demo-
graphic information of COVID-19 patient in the outpa-
tient and inpatient cohorts. During the study period,
33,217 COVID-19 patients attended designated outpa-
tient clinics with 1,290,480 person-days follow-up
(mean follow-up time: 38.85 days), and 29.5% were pre-
scribed with either Molnupiravir (16.1%) or Nirmatrel-
vir-ritonavir (13.4%). More than half of these patients
were female (53.1%). Close to half were under 69 years of
age (48.4%). Over 90% of the outpatient patients were
Chinese, and 16% were receiving public assistance. Dia-
betes without complications (8.0%), cerebrovascular dis-
ease (3.4%) and cancer (2.6%) were the most prevalent
comorbidities. Also, a small proportion of deaths (n=73;
0.2%) was observed in the outpatient cohort.

There were 21,138 COVID-19 patients in the inpa-
tient cohort, with a total follow-up of 588,059 person-
days (mean follow-up time 27.82 days). Among these
patients, 55.4% were male, almost 40% were from care
homes, and 5.1% of these patients (N = 1,081) received
either Molnupiravir (3.8%) or Nirmatrelvir-ritonavir
(1.3%). Most patients received a single course (n=1058;
97.8%). Diabetes without complications (12.4%), cere-
brovascular diseases (10.0%) and renal diseases (6.6%)
were the most prevalent comorbidities. One-fourth (N =
5291) died, but less than one-fifth (17.2%; N = 3630) had
their cause of death documented. The most frequent
cause of death was COVID-19 (58.1%). The SMD of the
baseline characteristics of patients in both cohorts
showed that the three study groups (Molnupiravir, Nirma-
trelvir-ritonavir and Control subjects) differed in terms of
demographic, socioeconomic, and medical history before
adjustments. Sensitivity analysis of IPTW adjustment
using two groups (combined antivirals and Control sub-
jects) is presented in e-Table 3 and e-Table 4.
Primary outcome: all-cause mortality
Figure 1 gives the mortality plot for IPTW-adjusted mor-
tality in the inpatient cohort, while Table 2 illustrates
www.thelancet.com Vol 30 January, 2023



Outpatient cohort

Unadjusted IPTW

Overall Control Molnupiravir Nirmatrelvir-

ritonavir

p SMD Control Molnupiravir Nirmatrelvir-

ritonavir

p SMD

n 33217 23430 5345 4442 23430 18637.1 14120.92

Follow-up time (days, mean (SD)) 38.85 (8.95) 41.34 (9.07) 34.17 (5.10) 31.32 (4.19) 41.34 (9.07) 36.58 (4.31) 34.62 (4.68)

Male (n(%)) 15592 (46.9) 11078 (47.3) 2498 (46.7) 2016 (45.4) 0.064 0.025 11 8.0 (47.3) 8711.1 (46.7) 6497.0 (46.0) 0.62 0.017

Age group (n (%)) <0.0001 0.531 < 0.0001 0.148

<60 1722 (5.2) 1526 (6.5) 120 (2.2) 76 (1.7) 15 .0 (6.5) 1022.8 (5.5) 970.2 (6.9)

60−69 14339 (43.2) 11531 (49.2) 1126 (21.1) 1682 (37.9) 11 1.0 (49.2) 8169.8 (43.8) 5527.6 (39.1)

70−79 10107 (30.4) 6585 (28.1) 1907 (35.7) 1615 (36.4) 65 .0 (28.1) 5901.6 (31.7) 4718.6 (33.4)

80−89 5396 (16.2) 2987 (12.7) 1562 (29.2) 847 (19.1) 29 .0 (12.7) 2809.0 (15.1) 2244.1 (15.9)

>=90 1653 (5.0) 801 (3.4) 630 (11.8) 222 (5.0) 80 0 (3.4) 733.9 (3.9) 660.4 (4.7)

Received public assistance (n (%)) 5299 (16.0) 2979 (12.7) 1443 (27.0) 877 (19.7) <0.0001 0.242 29 .0 (12.7) 2953.2 (15.8) 2476.7 (17.5) < 0.0001 0.090

Chinese ethnicities (n (%)) 30755 (92.6) 21622 (92.3) 5083 (95.1) 4050 (91.2) <0.0001 0.104 21 2.0 (92.3) 17353.1 (93.1) 13146.9 (93.1) 0.24 0.021

Medical history with ICD-9 code (n (%))

Acute myocardial infarction 229 (0.7) 134 (0.6) 83 (1.6) 12 (0.3) <0.0001 0.093 13 0 (0.6) 127.9 (0.7) 151.7 (1.1) 0.22 0.037

Congestive heart failure 540 (1.6) 296 (1.3) 210 (3.9) 34 (0.8) <0.0001 0.143 29 0 (1.3) 296.8 (1.6) 280.6 (2.0) 0.17 0.038

Peripheral vascular disease 59 (0.2) 32 (0.1) 23 (0.4) 4 (0.1) <0.0001 0.045 32 (0.1) 28.1 (0.2) 15.1 (0.1) 0.80 0.008

Cerebrovascular disease 1136 (3.4) 757 (3.2) 263 (4.9) 116 (2.6) <0.0001 0.081 75 0 (3.2) 739.7 (4.0) 532.9 (3.8) 0.25 0.026

Dementia 77 (0.2) 36 (0.2) 35 (0.7) 6 (0.1) <0.0001 0.056 36 (0.2) 37.0 (0.2) 25.2 (0.2) 0.78 0.007

COPD 730 (2.2) 540 (2.3) 131 (2.5) 59 (1.3) <0.0001 0.055 54 0 (2.3) 479.4 (2.6) 395.0 (2.8) 0.54 0.021

Rheumatoid disease 114 (0.3) 95 (0.4) 15 (0.3) 4 (0.1) 0.003 0.043 95 (0.4) 78.4 (0.4) 163.6 (1.2) 0.09 0.057

Peptic ulcer disease 301 (0.9) 196 (0.8) 60 (1.1) 45 (1.0) 0.099 0.019 19 0 (0.8) 182.2 (1.0) 113.6 (0.8) 0.74 0.012

Mild liver disease 530 (1.6) 438 (1.9) 61 (1.1) 31 (0.7) <0.0001 0.070 43 0 (1.9) 275.2 (1.5) 253.2 (1.8) 0.55 0.02

Diabetes without complications 2647 (8.0) 1946 (8.3) 432 (8.1) 269 (6.1) <0.0001 0.058 19 .0 (8.3) 1649.0 (8.8) 1060.4 (7.5) 0.22 0.033

Diabetes with complications 304 (0.9) 200 (0.9) 81 (1.5) 23 (0.5) <0.0001 0.067 20 0 (0.9) 140.9 (0.8) 152.9 (1.1) 0.45 0.023

Hemiplegia or paraplegia 47 (0.1) 35 (0.1) 5 (0.1) 7 (0.2) 00.59 0.012 35 (0.1) 63.3 (0.3) 17.6 (0.1) 0.21 0.030

Renal disease 613 (1.8) 378 (1.6) 192 (3.6) 43 (1.0) <0.0001 0.119 37 0 (1.6) 417.0 (2.2) 274.5 (1.9) 0.33 0.030

Cancer 878 (2.6) 554 (2.4) 205 (3.8) 119 (2.7) <0.0001 0.057 55 0 (2.4) 557.6 (3.0) 399.0 (2.8) 0.15 0.026

Moderate/severe liver disease 2 (0.0) 2 (0.0) 0 (0.0) 0 (0.0) 0.66 0.009 2. 0.0) 0.0 (0.0) 0.0 (0.0) 0.64 0.009

Metastatic cancer 18 (0.1) 18 (0.1) 0 (0.0) 0 (0.0) 0.020 0.026 18 (0.1) 0.0 (0.0) 0.0 (0.0) 0.10 0.026

AIDS/HIV 11 (0.0) 9 (0.0) 2 (0.0) 0 (0.0) 0.43 0.019 9. 0.0) 5.6 (0.0) 0.0 (0.0) 0.26 0.019

Died during observation (n (%)) 73 (0.2) 65 (0.2) 8 (0.0) 0 (0.0)

Died with an ICD-10 diagnosis (n (%)) 48 (0.1) 42 (0.2) 5 (0.1) 1 (0.0)

COVID-19 (n (% of all ICD-10 coded death)) 29 (60.4) 26 (61.9) 2 (40.0) 1 (100.0)

Cancer (n (% of all ICD-10 coded death)) 1 (2.1) 1 (2.4) 0 (0.0) 0 (0.0)

Heart (n (% of all ICD-10 coded death)) 2 (4.2) 1 (2.4) 1 (20.0) 0 (0.0)

Stroke (n (% of all ICD-10 coded death)) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Nervous system (n (% of all ICD-10 coded death)) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Genitourinary (n (% of all ICD-10 coded death)) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Diabetes (n (% of all ICD-10 coded death)) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Others (n (% of all ICD-10 coded death)) 16 (33.3) 14 (33.3) 2 (40.0) 0 (0.0)
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Inpatient cohort

Unadjusted IPTW

Overall Control Molnupiravir Nirmatrelvir-

ritonavir

p SMD Control Molnupiravir Nirmatrelvir-

ritonavir

p SMD

n 21138 20057 799 282

Follow-up time (day, mean (SD)) 27.82 (14.38) 27.87 (14.65) 27.78 (8.17) 24.34 (5.52) 27.87 (14.65) 28.77 (8.34) 25.83 (5.19)

Male (n (%)) 11708 (55.4) 11157 (55.6) 404 (50.6) 147 (52.1) 0.01 0.068 11157.0 (55.6) 11343.3 (56.1) 10487.8 (55.3) 0.93 0.010

Age group (n (%)) <0 .0001 0.232 0.78 0.101

<60 588 (2.8) 572 (2.9) 14 (1.8) 2 (0.7) 572.0 (2.9) 648.0 (3.2) 366.1 (1.9)

60−69 3103 (14.7) 2968 (14.8) 101 (12.6) 34 (12.1) 2968.0 (14.8) 3011.8 (14.9) 2335.9 (12.3)

70−79 4842 (22.9) 4600 (22.9) 164 (20.5) 78 (27.7) 4600.0 (22.9) 4994.5 (24.7) 4266.6 (22.5)

80−89 7566 (35.8) 7148 (35.6) 299 (37.4) 119 (42.2) 7148.0 (35.6) 7087.4 (35.0) 7469.0 (39.4)

>=90 5039 (23.8) 4769 (23.8) 221 (27.7) 49 (17.4) 4769.0 (23.8) 4482.5 (22.2) 4513.9 (23.8)

Admitted from elderly home (n (%)) 8002 (37.9) 7731 (38.5) 223 (27.9) 48 (17.0) <0 .0001 0.328 7731.0 (38.5) 8012.8 (39.6) 7679.8 (40.5) 0.78 0.027

Medical history with ICD-9 code (n (%))

Acute myocardial infarction 432 (2.0) 418 (2.1) 12 (1.5) 2 (0.7) 0.15 0.079 418.0 (2.1) 408.2 (2.0) 238.1 (1.3) 0.63 0.043

Congestive heart failure 1351 (6.4) 1281 (6.4) 58 (7.3) 12 (4.3) 0.21 0.086 1281.0 (6.4) 128.0 (6.3) 1277.1 (6.7) 0.92 0.011

Peripheral vascular disease 100 (0.5) 98 (0.5) 2 (0.3) 0 (0.0) 0.32 0.070 98.0 (0.5) 93.0 (.5) 0.0 (0.0) 0.21 0.066

Cerebrovascular disease 2107 (10.0) 2016 (10.1) 65 (8.1) 26 (9.2) 0.19 0.044 2016.0 (10.1) 1917.8 (9.5) 1798.7 (9.5) 0.90 0.013

Dementia 748 (3.5) 719 (3.6) 24 (3.0) 5 (1.8) 0.19 0.075 719.0 (3.6) 750.4 (3.7) 1168.9 (6.2) 0.28 0.080

COPD 1231 (5.8) 1179 (5.9) 39 (4.9) 13 (4.6) 0.34 0.038 1179.0 (5.9) 1159.1 (5.7) 1064.7 (5.6) 0.96 0.007

Rheumatoid disease 39 (0.2) 38 (0.2) 1 (0.1) 0 (0.0) 0.70 0.043 38.0 (0.2) 33.6 (.2) 0.0 (0.0) 0.33 0.042

Peptic ulcer disease 343 (1.6) 315 (1.6) 23 (2.9) 5 (1.8) 0.016 0.059 315.0 (1.6) 309.1 (1.5) 320.8 (1.7) 0.92 0.009

Mild liver disease 216 (1.0) 201 (1.0) 11 (1.4) 4 (1.4) 0.47 0.025 201.0 (1.0) 204.6 (1.0) 181.9 (1.0) 0.98 0.003

Diabetes without complications 2629 (12.4) 2505 (12.5) 105 (13.1) 19 (6.7) 0.010 0.144 2505.0 (12.5) 2383.2 (11.8) 2103.5 (11.1) 0.77 0.029

Diabetes with complications 459 (2.2) 440 (2.2) 17 (2.1) 2 (0.7) 0.24 0.083 440.0 (2.2) 416.8 (2.1) 429.6 (2.3) 0.95 0.009

Hemiplegia or paraplegia 132 (0.6) 127 (0.6) 5 (0.6) 0 (0.0) 0.41 0.075 127.0 (0.6) 129.1 (.6) 0.0 (0.0) 0.039 0.076

Renal disease 1401 (6.6) 1352 (6.7) 44 (5.5) 5 (1.8) 0.002 0.167 1352.0 (6.7) 1475.6 (7.3) 708.3 (3.7) 0.22 0.104

Cancer 793 (3.8) 749 (3.7) 28 (3.5) 16 (5.7) 0.22 0.069 749.0 (3.7) 731.8 (3.6) 554.2 (2.9) 0.60 0.030

Moderate/severe liver disease 1 (0.0) 1 (0.0) 0 (0.0) 0 (0.0) 0.97 0.007 1.0 (0.0) 0.0 (.0) 0.0 (0.0) 0.88 0.007

Metastatic cancer 2 (0.0) 2 (0.0) 0 (0.0) 0 (0.0) 0.95 0.009 2.0 (0.0) 0.0 (.0) 0.0 (0.0) 0.82 0.009

AIDS/HIV 10 (0.0) 10 (0.0) 0 (0.0) 0 (0.0) 0.76 0.021 10.0 (0.0) .0 (.0) 0.0 (0.0) 0.61 0.021

Died during observation (n (%)) 5291 (25.0) 5211 (26.0) 68 (8.5) 12 (4.3) <0 .0001 5211.0 (26.0) 1795.8 (8.9) 569.5 (3.0) <0 .0001

Died with an ICD-10 diagnosis (n (%)) 3630 (17.2) 3598 (17.9) 26 (3.3) 6 (2.1)

COVID-19 (n (% of all ICD-10 coded death)) 2108 (58.1) 2094 (58.2) 12 (46.2) 2 (33.3)

Cancer (n (% of all ICD-10 coded death)) 60 (1.7) 59 (1.6) 1 (3.8) 0 (0.0)

Heart (n (% of all ICD-10 coded death)) 108 (3.0) 104 (2.9) 2 (7.7) 2 (33.3)

Stroke (n (% of all ICD-10 coded death)) 39 (1.1) 39 (1.1) 0 (0.0) 0 (0.0)

Nervous system (n (% of all ICD-10 coded death)) 4 (0.1) 4 (0.1) 0 (0.0) 0 (0.0)

Genitourinary (n (% of all ICD-10 coded death)) 57 (1.6) 57 (1.6) 0 (0.0) 0 (0.0)

Diabetes (n (% of all ICD-10 coded death)) 7 (0.2) 7 (0.2) 0 (0.0) 0 (0.0)

Others (n (% of all ICD-10 coded death)) 1247 (34.4) 1234 (34.3) 11 (42.3) 2 (33.3)

Table 1: Demographic information of COVID-19 patient admitted into public hospitals/ outpatient clinic between 22 February and 31 March 2022.
aAIDS/HIV: Acquired immune deficiency syndrome/Human Immunodeficiency Virus; COPD: Chronic obstructive pulmonary disease; ICD-10: International Classification of Diseases; IPTW: Inverse Probability Treatment

Weighting; SMD: Standardised mean difference; SD: Standard deviation.
bChi-square tests were performed for categorical/ binary variables, and 1-wat ANOVA were done for continuous variables.
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Figure 1. Mortality plot for hospitalized COVID-19 patients given Molnupiravir and Nirmatrelvir-ritonavir.
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the results for Cox regressions of survival estimation for
COVID-19 patients being prescribed with either Molnu-
piravir or Nirmatrelvir-ritonavir in the inpatient setting.
After IPTW adjustment, the overall mortality rate was
26.0%. Either prescribing Nirmatrelvir-ritonavir (haz-
ard ratio (HR) = 0.10, 95%CI = 0.05 − 0.21, P <0.0001)
or Molnupiravir (HR = 0.31, 95%CI = 0.24 − 0.40, P
<0.0001) was significantly associated with reduced all-
cause mortality in mild and moderate COVID-19 patients
in hospital. There was no significant difference between
the protective effect of both antivirals given the overlap-
ping CIs of the hazard ratios. Sensitivity analysis showed
an overall protective effect of prescribing either antiviral
(HR = 0.24, 95%CI = 0.19 − 0.29, P <0.0001). For the
outpatient cohort, a survival analysis was not performed
due to the small number of deaths observed and there was
not enough statistical power to conduct an IPTW-adjusted
Cox regression. We observed no violation in the propor-
tional hazard assumptions (Supplementary e-figures 2-5),
and no influential outliner (Supplementary e-figures 6-7)
of the Cox models we used.
Secondary outcomes
Table 3 describes the regression model of predicting
outpatient clinic re-attendance, and 28-days hospital
www.thelancet.com Vol 30 January, 2023
admission through the ED among the outpatient cohort.
Both antivirals were significantly associated with
increased odds of 28-days re-attendance to the desig-
nated clinic after weighting (Molnupiravir: odds ratio
(OR) = 1.80, 95%CI = 1.60 − 2.01, P < 0.0001; Nirma-
trelvir-ritonavir: OR = 1.45, 95%CI = 1.11 − 1.91, P =
0.0069). A sensitivity analysis shows the same risk
characteristics between them (OR = 1.65, 95%CI = 1.45
− 1.87, P =0.00033).

Both antiviral prescriptions were significantly associ-
ated with lower odds in subsequent 28-day hospital
admission in outpatient settings, and Nirmatrelvir-rito-
navir had a significantly stronger effect (Molnupiravir:
OR = 0.72, 95% CI = 0.52 − 0.98, P=0.039; Nirmatrel-
vir-ritonavir: OR = 0.37, 95% CI =0.23 − 0.60, P
<0.0001). In the outpatient cohort, they significantly
reduced the OR in subsequent hospitalization through
the ED in the IPTW-adjusted sensitivity analysis
(OR=0.30, 95%CI = 0.21 − 0.44, P <0.0001) by 70%.

The associations between both antivirals in the inpa-
tient cohort and the risk of 28-day hospital readmission
after IPTW adjustments were illustrated in Table 3.
Both antivirals were significantly associated with a
reduction in 28-day hospital readmission (Molnupiravir:
OR = 0.71, 95%CI = 0.52 − 0.97, P=0.031; Nirmatrelvir-
ritonavir: OR = 0.47, 95%CI = 0.24 − 0.93, P=0.030).
7



Unadjusted IPTW

HR [95%CI] P HR [95%CI] P

Antiviral medication

Control (n=20057 in unadjusted, n= 17159.72 in IPTW) Reference Reference

Molnupiravir or Nirmatrelvir-ritonavir (n=1081 in unadjusted;

n= 1081.0 in IPTW)

0.28 (0.23, 0.35) <0.0001 0.24 (0.19, 0.29) <0.0001

Antiviral medication

Control (n=20057, n=20057 in IPTW) Reference Reference

Nirmatrelvir-ritonavir (n=282 in unadjusted; n=172.25 in IPTW) 0.18 (0.10, 0.31) <0.0001 0.10 (0.05, 0.21) <0.0001

Molnupiravir (n=799 in unadjusted; n=684 in IPTW) 0.31 (0.25, 0.40) <0.0001 0.31 (0.24, 0.40) <0.0001

Table 2: Cox regression of survival estimation for COVID-19 patient received antiviral medications.
aCI: Confidence intervals; HR: Hazard ratio; IPTW: Inverse Probability Treatment Weighting.
bAdjusted by age, sex, admitted from elderly homes, admitted through emergency department, the constituent comorbidities of the Charlson’s Comorbidity

Index including Acute myocardial infarction, Congestive heart failure, Peripheral vascular disease, Cerebrovascular disease, Dementia, COPD, Rheumatoid

disease, Peptic ulcer disease, Mild liver disease, Diabetes without complications, Diabetes with complications, Hemiplegia or paraplegia, Renal disease, Cancer,

Moderate/severe liver disease, Metastatic cancer, AIDS/HIV according to ICD-9 definition adopted by Quan et al, 2014.11
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However, a sensitivity analysis showed that, after adjust-
ment for demographic characteristics and baseline
comorbidities, they did not significantly reduce hospital
readmission (p = 0.078). After assumption checking,
we identified no influential outliners (supplementary
materials e-Figure 8-13) nor multi-collinearity (supple-
mentary materials e-Table 5-6) in the final models.
Outpatient clinic

Unadjusted IPTW
OR [95%CI] P OR [95%CI

28-days clinic re-attendance

Antiviral medication

Control Reference Reference

Molnupiravir or

Nirmatrelvir-ritonavir

1.21 (1.12, 1.30) <0.0001 2.12 (1.84, 2

Antiviral medication

Control Reference Reference

Nirmatrelvir-ritonavir 0.94 (0.84, 1.05) 0.273 1.45 (1.11, 1

Molnupiravir 1.45 (1.32, 1.59) <0.0001 1.80 (1.60, 2

28 days unplanned hospital readmission

Antiviral medication

Control Reference Reference

Molnupiravir or

Nirmatrelvir-ritonavir

0.31 (0.25, 0.39) <0.0001 0.12 (0.08, 0

Antiviral medication

Control Reference Reference

Nirmatrelvir-ritonavir 0.19 (0.12, 0.29) <0.0001 0.37 (0.23, 0

Molnupiravir 0.37 (0.29, 0.48) <0.0001 0.72 (0.52, 0

Table 3: Binary logistic regression of unplanned readmission for COVID
aCI: Confidence intervals; IPTW: Inverse Probability Treatment Weighting; OR: O
bAdjusted by age, sex, admitted from elderly homes, admitted through emergen

Index including Acute myocardial infarction, Congestive heart failure, Peripher

disease, Peptic ulcer disease, Mild liver disease, Diabetes without complications, D

Moderate/severe liver disease, Metastatic cancer, AIDS/HIV according to ICD-9 d
Cost analysis
Among 9,787 outpatients (USD 2,8080.7 per 1000 pop-
ulation) who received antivirals, USD 79,086.2 was
saved including less clinic re-attendance, less
unplanned admission and shorter hospital LOS.

In the outpatient setting, Molnupiravir cost an addi-
tional USD1356.70 per patient and reduced 0.275
Inpatient cohort

Unadjusted IPTW
] P OR [95%CI] P OR [95%CI] P

.44) <0.0001 NA NA

.91) 0.0069 NA NA

.01) <0.0001

Reference Reference

.18) <0.0001 0.73 (0.56, 0.94) 0.018 0.79 (0.61, 1.03) 0.078

Reference Reference

.60) <0.0001 0.57 (0.31, 0.96) 0.053 0.47 (0.24, 0.93) 0.030

.98) 0.039 0.79 (0.58, 1.04) 0.10 0.71 (0.52, 0.97) 0.031

-19 patient received antiviral medications.
dds ratio.

cy department, the constituent comorbidities of the Charlson’s Comorbidity

al vascular disease, Cerebrovascular disease, Dementia, COPD, Rheumatoid

iabetes with complications, Hemiplegia or paraplegia, Renal disease, Cancer,

efinition adopted by Quan et al, 2014.11
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Standard care
(without any antiviral
medication)

Molnupiravir Nirmatrelvir-
ritonavir

Outpatient setting

Cost per person (USD) 367.86 1724.56 1285.02

Outpatient (designated clinic visit) b 168.28 178.89 175.86

Subsequent emergency room visit b 50.14 37.61 18.80

Antiviral medications 0.00 1391.11 1044.88

Subsequent inpatient healthcare costs b 149.44 116.95 45.48

Effectiveness: Probability of surviving during observation period 99.723% 99.998% 100.000%

Incremental cost (USD) - 1356.70 917.16

Incremental effectiveness - 0.275% 0.277%

ICERa (USD per death averted) - 493,345.09 331,105.27

Inpatient setting

Cost per person (USD) 8306.35 8755.92 7040.77

Inpatient healthcare costs b 8290.68 8,440.12 6,828.77

Antiviral medications 0.00 306.40 205.94

Subsequent emergency room visit b 15.67 9.40 6.06

Effectiveness: Probability of surviving during observation period 74.00% 91.10% 97.00%

Incremental cost (USD) - 449.57 �1265.58

Incremental effectiveness - 17.10% 23.00%

ICERa (USD per death averted) - 2629.08 �5502.53

Table 4: Cost-effectiveness analysis outcomes for outpatient and inpatient settings.
a ICER: Incremental Cost-Effectiveness Ratio.
b The cost includes costs occurred for doctor consultation, medical examinations, nursing and prescriptions.

Articles
percent of mortality for one patient compared with con-
trol subjects; and Nirmatrelvir-ritonavir cost an addi-
tional USD917.16 and reduced 0.277 percent (Table 4)
for one patient compared with control subjects. The
corresponding ICERs were USD493,345.09 and
USD331,105.27 per death averted for Molnupiravir and
Nirmatrelvir-ritonavir respectively. This was calculated
by considering the cost incurred from designated clini-
cal re-attendance, and subsequent hospital admissions
through emergency department in this population.
Given the 9.6% re-attendance rate among the patients
without antiviral, there was an additional cost of USD
91,322.4 (USD 9331.0 per 1000 population) from the
re-attendance with antiviral. This cost estimation was
contributed to by an additional 45% of clinic re-atten-
dance among 4442 patients with Nirmatrelvir-ritonavir
and additional 80% of clinic re-attendance among 5345
patients with Molnupiravir. In 33,217 patients, the aver-
age operational cost of each clinic visit was USD 151.6
(HKD1190). Considering the subsequent hospital
admissions, 1.89% patients who were not prescribed
with antiviral were admitted to hospital through ED. We
found that Nirmatrelvir-ritonavir and Molnupiravir in
outpatient settings saved USD 12,720.4 (USD 1299.7
per 1000 population), which was contributed to by a
reduction of 63% in the subsequent hospital admissions
among 4442 patients with Nirmatrelvir-ritonavir and
28% among 5345 patients with Molnupiravir with an
average operational cost of USD 156.7 (HKD 1230) per
www.thelancet.com Vol 30 January, 2023
hospital emergency department visit. A total of USD
157,688.2 (USD 16,112.0 per 1000 population) was
saved from the reduced LOS in subsequent hospital
admissions. This cost estimation was contributed to by
a reduction of 33% in total LOS among 4442 patients
used Nirmatrelvir-ritonavir with a mean LOS of
9.39 days (SD = 6.93) of total hospital admissions and
an average operational cost of USD 649.74 (HKD 5100)
per acute bed-stay.

In inpatient settings, both antivirals saved a total of
USD 0.46 billion (USD 0.43 billion per 1000 popula-
tions) in 1081 patients, after considering the cost saved
from reduced 28-days unplanned readmission and
reduced all-cause mortality. Given 8.2% of 28-day
unplanned re-admissions rate among the patients with-
out the prescription of antiviral medication, we found
that both antivirals saved a total of USD 4,897.8 (USD
4530.8 per 1000 population) in the inpatient cohort.
The cost estimation was contributed to by a reduction of
53% unplanned readmissions among 282 patients pre-
scribed with Nirmatrelvir-ritonavir and 29% among
799 patients with Molnupiravir with an average opera-
tional cost of USD 156.7 (HKD 1230) per ED visit. Nir-
matrelvir-ritonavir was estimated to contribute a
savings amount of USD 8041.29 (USD 28,514.7 per
1000 patients) in the inpatient cohort. Total LOS was
reduced by 6% and the mean LOS was 8.92 days
(SD = 6.72 days). On the other hand, patients with Mol-
nupiravir contributed less savings by USD16,976.8 due
9



Articles

10
to longer LOS (Mean LOS: 9.97 days, SD = 6.72 days).
We found that the prescription of Nirmatrelvir-ritonavir
and Molnupiravir saved USD 460.8 million (USD
426.2 million per 1000 population) in Hong Kong.
This was calculated based on a 69% HR reduction for
799 patients who used Molnupiravir and 90% HR
reduction for 282 patients who used Nirmatrelvir-rito-
navir in this sample − given the all-cause in-hospital
mortality rate in patients who were not prescribed of
either antiviral was 26.0%, and the average VSL of USD
2.01 million for Hong Kong population in year 2021.

In summary, compared with control subjects in the
inpatient cohort, Molnupiravir cost an additional
USD449.57 per patient and reduced 17.1 percent point
of mortality for one patient compared with control sub-
jects, and had an ICER was USD2629.08 per death
averted. Nirmatrelvir-ritonavir saved USD1265.58 and
reduced mortality by 23.0 percentage points, indicating
an ICER of USD5502.53 (Table 4).
Interpretation
In two cohorts of mild to moderate COVID-19 patients
at high risk of complications, the use of oral antivirals
was significantly associated with a lower risk of all-cause
mortality. The association of antiviral agents with risk
reduction of hospitalisation and mortality is emerging.
Molnupiravir reduced hospitalisation and mortality by
30%, with a good safety profile.2 Nirmatrelvir-ritonavir
was associated with 89.1% relative risk reduction in 28-
day combined hospitalisation and mortality, without a
significant difference in adverse events.3

During Hong Kong’s fifth pandemic wave, numbers
of COVID-19 cases soared and led to the world’s highest
7-day rolling average of daily confirmed COVID-19
death rate (37.68 deaths per million population).29 The
government in Hong Kong took a more liberal approach
to the use of these antivirals both in the community and
in hospitals.30 Risk factors for progression to severe
COVID-19 in Hong Kong include age of 60 years or
above, diabetes mellitus, Body Mass Index >=30kg/m2,
immunocompromised state, underlying chronic ill-
nesses and incomplete COVID-19 vaccination.10 During
the study period, these antivirals were only available in
Hospital Authority hospitals and clinics. Moreover,
many patients sought medical consultation beyond the
treatment window period because of the service limita-
tions.

This is the first observational study to examine the
treatment effect and economic analysis of both antivi-
rals which were introduced to Hong Kong in early 2022
in response to the Omicron outbreak. It reflects the
real-life application of these antiviral agents in a
COVID-19 outbreak setting. Our study suggests the use
of antivirals among hospitalised patients improved 28-
day survival, in line with previous clinical trials that
were conducted in non-hospitalised patient samples.2,3
Further analysis with adjustment reveals the significant
superiority of Nirmatrelvir-ritonavir over Molnupiravir
in terms of all-cause mortality, and the reduction of hos-
pitalisation and related hospital LOS in the outpatient
cohort, suggesting a preference for Nirmatrelvir-ritona-
vir unless other factors need consideration.

The 31,766 patients sampled from the clinics were of
milder severity. Most of the patients were given antivi-
rals due to age reasons. Compared to the non-users, the
antiviral users had a higher proportion of senior age,
while compared with Molnupiravir, Nirmatrelvir-ritona-
vir were given to younger patients and those with less
comorbidities. This was due to a longer list of contrain-
dications and more interactions with common long-
term medications such as a statin. An interesting obser-
vation is that patients given antivirals had greater likeli-
hood of reattending the clinic. While these patients
were instructed to visit Emergency Departments if their
condition deteriorated, reattendance is a possible
marker of persistent symptoms, including Long
COVID-19 syndrome, which warrants further analysis.
However, it must be noted that each of the antivirals
reduced ED visits after treatment. Moreover, the LOS
was shorter if the patients were admitted after antivi-
ral treatment. The effect on mortality among clinic
patients could not be assessed because only a very
small number of clinic patients died during the fol-
low up period.

This study demonstrates the high value of these anti-
virals in population-wide infection control. The use of
both antiviral medications saves cost with less subse-
quent hospitalisation, shorter length of stay, and fewer
deaths (in terms of value of statistical life). In the inpa-
tient cohort, the Nirmatrelvir-ritonavir saves inpatient
healthcare expenditure while preventing death from
COVID-19. This is more cost-effective than standard
care, as it substantially reduced risk for all-cause mortal-
ity − as indicated by the primary outcomes and shorter
length of stay. However, the ICERs for both antiviral
medications were much larger in the outpatient setting.
This suggests that the cost-effectiveness reduction in
death from COVID-19, would be less when the medica-
tions were used among patients who were less likely to
develop severe conditions and to die during the course
of disease.

Primary care physicians in the clinic and ED are
playing a critical role in controlling the impact of the
infection on health systems. On one hand, COVID-19
patients are identified by them via screening and testing
in designated fever areas, on the other hand, they pro-
vide appropriate management, including treatment and
public health infection control advice, to COVID-19
patients with a wide spectrum of severity. The evidence
based on this real-life data informs physicians in pri-
mary care setting of the efficacy of both antivirals
against COVID-19, and its financial implication, so that
more high-risk COVID-19 patients might benefit from
www.thelancet.com Vol 30 January, 2023
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community management, saving hospital beds for more
severe patients.
Limitations
This is an analysis of real-life data from an administra-
tive database in Hong Kong, from which symptomatol-
ogy, SARS-CoV-2 vaccination status and vitals sign
measurement were not available. Moreover, medical
compliance data was not available, and therefore fidelity
cannot be adjusted. Even though all COVID-19 patients
were treated in the Hospital Authority, they could
switch to private health facilities for follow up if they
were negative in SARS-CoV-2 testing, leading to loss of
follow up and immortal time bias. With the recent avail-
ability of these antivirals and the proximity to the out-
break, this study has short follow-up, meaning that late
outcomes / effects, for example, prevention of Long-
COVID syndrome or associated health service utiliza-
tion, are not assessable during the study period. It is
unclear how generalisable these findings are, as the
treatment of COVID-19 is changing with the emergence
of further evidence, and the patient spectrum in different
countries and regions are highly variable. Given that the
patients in this project were from Hong Kong, the adop-
tion of these treatment regimens may only have limited
applicability in different continents, where local cost-effec-
tiveness evaluation, availability in market and healthcare
financing models need to be further considered.
Conclusion
In Hong Kong, among outpatient and hospitalised
patients with mild to moderate COVID-19 at high-risk
of adverse complications, this population-based cohort
study demonstrated that early initiation of 5-day Molnu-
piravir and Nirmatrelvir-ritonavir treatment within
5 days of symptom onset was associated with a lower
risk of in-hospital death compared with control subjects.
The use of these antivirals led to potential savings on
health care cost, and thus decision- and policy-makers
should be informed of these potential benefits.
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