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Summary
Background Nirmatrelvir-ritonavir is used in patients with coronavirus disease 2019 (COVID-19) with normal or mild
renal impairment (eGFR ≥30 ml/min per 1.73 m2). There is limited data regarding its use in advanced kidney
disease (eGFR <30 ml/min per 1.73 m2). We performed a retrospective territory-wide observational study evaluating
the safety and efficacy of nirmatrelvir-ritonavir when compared with molnupiravir in the treatment of patients with
COVID-19 with advanced kidney disease.

Methods We adopted target trial emulation using data from a territory-wide electronic health record database on
eligible patients aged ≥18 years with advanced kidney disease (history of eGFR <30 ml/min per 1.73 m2) who
were infected with COVID-19 and were prescribed with either molnupiravir or nirmatrelvir-ritonavir within five
days of infection during the period from 16 March 2022 to 31 December 2022. A sequence trial approach and 1:4
propensity score matching was applied based on the baseline covariates including age, sex, number of COVID-19
vaccine doses received, Charlson comorbidity index (CCI), hospitalisation, eGFR, renal replacement therapy,
comorbidities (cancer, respiratory disease, myocardial infarction, ischaemic stroke, diabetes, hypertension), and
drug use (renin-angiotensin-system agents, beta blockers, calcium channel blockers, diuretics, nitrates, lipid
lowering agents, insulins, oral antidiabetic drugs, antiplatelets, immuno-suppressants, corticosteroids, proton
pump inhibitors, histamine H2 receptor antagonists, monoclonal antibody infusion) within past 90 days.
Individuals were followed up from the index date until the earliest outcome occurrence, death, 90 days from
index date or the end of data availability. Stratified Cox proportional hazards regression adjusted with baseline
covariates was used to compare the risk of outcomes between nirmatrelvir-ritonavir recipients and molnupiravir
recipients which include (i) all-cause mortality, (ii) intensive care unit (ICU) admission, (iii) ventilatory support,
(iv) hospitalisation, (v) hepatic impairment, (vi) ischaemic stroke, and (vii) myocardial infarction. Subgroup
analyses included age (<70; ≥70 years); sex, Charlson comorbidity index (≤5; >5), and number of COVID-19
vaccine doses received (0–1; ≥2 doses).

Findings A total of 4886 patients were included (nirmatrelvir-ritonavir: 1462; molnupiravir: 3424). There were 347
events of all-cause mortality (nirmatrelvir-ritonavir: 74, 5.06%; molnupiravir: 273, 7.97%), 10 events of ICU
admission (nirmatrelvir-ritonavir: 4, 0.27%; molnupiravir: 6, 0.18%), 48 events of ventilatory support (nirmatrelvir-
ritonavir: 13, 0.89%; molnupiravir: 35, 1.02%), 836 events of hospitalisation (nirmatrelvir-ritonavir: 218, 23.98%;
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molnupiravir: 618, 28.14%), 1 event of hepatic impairment (nirmatrelvir-ritonavir: 0, 0%; molnupiravir: 1, 0.03%), 8
events of ischaemic stroke (nirmatrelvir-ritonavir: 3, 0.22%; molnupiravir: 5, 0.16%) and 9 events of myocardial
infarction (nirmatrelvir-ritonavir: 2, 0.15%; molnupiravir: 7, 0.22%). Nirmatrelvir-ritonavir users had lower rates of
all-cause mortality (absolute risk reduction (ARR) at 90 days 2.91%, 95% CI: 1.47–4.36%) and hospitalisation
(ARR at 90 days 4.16%, 95% CI: 0.81–7.51%) as compared with molnupiravir users. Similar rates of ICU
admission (ARR at 90 days −0.09%, 95% CI: −0.4 to 0.2%), ventilatory support (ARR at 90 days 0.13%, 95%
CI: −0.45 to 0.72%), hepatic impairment (ARR at 90 days 0.03%, 95% CI: −0.03 to 0.09%), ischaemic stroke (ARR
at 90 days −0.06%, 95% CI: −0.35 to 0.22%), and myocardial infarction (ARR at 90 days 0.07%, 95% CI: −0.19 to
0.33%) were found between nirmatrelvir-ritonavir and molnupiravir users. Consistent results were observed in
relative risk adjusted with baseline characteristics. Nirmatrelvir-ritonavir was associated with significantly reduced
risk of all-cause mortality (HR: 0.624, 95% CI: 0.455–0.857) and hospitalisation (HR: 0.782, 95% CI: 0.64–0.954).

Interpretation Patients with COVID-19 with advanced kidney disease receiving nirmatrelvir-ritonavir had a lower rate
of all-cause mortality and hospital admission when compared with molnupiravir. Other adverse clinical outcomes
were similar in both treatment groups.

Funding Health and Medical Research Fund (COVID1903010), Health Bureau, The Government of the Hong Kong
Special Administrative Region, China.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC
license (http://creativecommons.org/licenses/by-nc/4.0/).
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Research in context

Evidence before this study
The medical and research community are actively exploring
the use of oral antiviral drugs in patients with COVID-19 to
lower their risk of hospitalisation and death, and to reduce
burden on health-care systems. We searched PubMed for
studies until 1 November 2023, using the terms “renal failure
OR renal impairment OR end stage kidney disease OR dialysis
or advanced kidney disease” AND “paxlovid OR nirmatrelvir”,
without language restrictions. Most studies are case series.
One prospective study comprising of 85 patients with renal
impairment (eGFR <30 ml/min per 1.73 m2) showed that the
use of nirmatrelvir-ritonavir in this group of patients was well
tolerated and safe. Yet, data on comparison between
nirmatrelvir-ritonavir and molnupiravir is not available.

Added value of this study
To the best of our knowledge, this study is the one of the first
real-world studies to compare nirmatrelvir-ritonavir with
molnupiravir in advanced kidney disease during a pandemic

wave dominated by the SARS-CoV-2 omicron BA.2 variant
and BA.5 variant.
We conducted a territory-wide, observational study to
identify the incidence of all-cause mortality among COVID-19
infected advanced kidney disease patients at 90 days post-
treatment, the association between mortality and the
antiviral drug use, and the complication rate associated with
the respective antiviral drugs. Nirmatrelvir-ritonavir was
associated with significant reduced risk of all-cause mortality
at 90 days. Nirmatrelvir-ritonavir was also significantly
associated with a decreased risk of hospitalisation.

Implications of all the available evidence
The study showed that nirmatrelvir-ritonavir was associated
with lower mortality than molnupiravir and was not
associated with an increased risk of adverse clinical outcomes.
Nirmatrelvir-ritonavir is safe in patients with chronic kidney
disease and is likely associated with better clinical outcomes
than molnupiravir.
Introduction
Near seven million people have died globally from
coronavirus disease 2019 (COVID-19) due to the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2).1 Hong Kong had been seriously hit by the fifth wave
of COVID-19 caused by the Omicron variant BA.2 and
BA.5 since 31 December 2021. Over 13 months, 2.8
millions of Hong Kong citizens were tested positive for
SARS-CoV-2.2 The reported mortality rate of 37.7 per
million population was one of the highest worldwide.3
The peritoneal dialysis and hemodialysis populations
had high mortality with 19.4 and 21.9 deaths per 1000
dialysis population, respectively.4 Patients with chronic
kidney disease (CKD) are likely to have worse outcome
including higher incidence of hospitalisation.5,6 Early
effective antiviral therapy is therefore crucial for this
group of patients. Nirmatrelvir-ritonavir and molnupir-
avir have been widely used in Hong Kong since their
availability. Nirmatrelvir is a protease inhibitor. It is
70% protein bound and excretion is 35% through the
www.thelancet.com Vol 72 June, 2024
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kidneys.7 Ritonavir is given together to enhance
bioavailability of nirmatrelvir. Unlike nirmatrelvir, rito-
navir is metabolised mainly in the liver. Nirmatrelvir is
dosed at 300 mg twice a day for eGFR ≥60 ml/min per
1.73 m2 and 150 mg twice a day for eGFR ≥30 to
<60 ml/min per 1.73 m2. Nirmatrelvir-ritonavir is an
effective anti-viral that has been shown to reduce hos-
pitalisation or death by day 28 in EPIC-HR trial.8 Yet,
patients with advanced kidney disease (CKD stage 4, i.e.,
eGFR <30 ml/min per 1.73 m2) were excluded from the
trial because of theoretical concern about drug safety as
accumulation of nirmatrelvir is expected in patients with
impaired renal function. In the product monograph, it is
stated that the drug is ‘not recommended’ for those with
an eGFR <30 ml/min per 1.73 m2.8 Molnupiravir, on the
other hand, is safe for patients with CKD stage 4 or
above, including those on dialysis. It has been the con-
ventional oral antiviral drug for this group of vulnerable
high-risk patients. Molnupiravir inhibits viral replica-
tion by promoting widespread viral mutation when its
metabolite incorporated into the SARS-CoV-2 RNA. In
MOVe-OUT trial, it has been shown that early treatment
with molnupiravir, when compared with placebo,
reduced the risk of hospitalisation or death in at-risk,
unvaccinated patients with COVID-19.9 However,
among high-risk vaccinated adults in the community,
Butler et al. showed that molnupiravir did not reduce
the frequency of COVID-19-associated hospitalisation or
death.10 Efficacy of molnupiravir in vaccinated adults is
therefore a concern. Before another effective antiviral
drug is discovered, nirmatrelvir-ritonavir is perhaps a
feasible treatment option in patients with CKD stage 4
and above as demonstrated by a prospective trial in
Hong Kong. Effectiveness of viral load suppression and
the clinical outcome in terms of symptoms resolution
were similar to those with better renal function.11 For
molnupiravir, several case series have also demon-
strated its safety. While individual antiviral has been
demonstrated to be safe in advanced kidney disease,
studies regarding direct comparison between
nirmatrelvir-ritonavir and molnupiravir is lacking.12,13

Here, we take another perspective to compare the
safety profile and efficacy between nirmatrelvir-ritonavir
and molnupiravir in advanced kidney disease.
Methods
Data sources
Clinical data was acquired from the Hospital Authority’s
(HA) routine electronic health record database, vaccina-
tion and confirmed COVID-19 case records were ac-
quired from the Department of Health (DH) of the
Government of the Hong Kong Special Administrative
Region (HKSAR), and death records were extracted from
the Hong Kong Deaths Registry. These databases were
integrated by anonymised unique patient identifiers. The
HA in Hong Kong manages all public inpatient services
www.thelancet.com Vol 72 June, 2024
and most public outpatient services. Electronic health
record database managed by HA contains information
on demographics, diagnoses, prescriptions, and labora-
tory tests of patient, which provide real-time data to
support clinical management across all clinics and hos-
pitals within the HA. Vaccination records for all in-
dividuals in Hong Kong are maintained by the DH, in
which confirmed COVID-19 cases are documented
based on both mandatory and voluntary reporting of
positive Polymerase Chain Reaction (PCR) and Rapid
Antigen Test (RAT) results. Deaths Registry is a gov-
ernment agency under the HKSAR government which
maintains records of all registered deaths for all residents
in Hong Kong. These population-based databases have
been widely utilised in previous studies evaluating the
effectiveness of COVID-19 drugs and vaccinations.14–22

As this was a retrospective observational study, there
was no informed consent required. Data was analysed
without accessing the patients’ particulars including
names and identity card numbers.

Study design and eligibility criteria
This study was a target trial emulation using territory-
wide electronic health record databases in Hong Kong.
Target trial emulation was adopted to reduce some typical
challenges in observational studies such as immortal
time and selection biases.23–25 The specification and
emulation of the target trial is detailed in Supplementary
Table S1. The subject inclusion period commenced from
16 March 2022 (when both molnupiravir and
nirmatrelvir-ritonavir became available in Hong Kong) to
31 December 2022, during which there was an outbreak
of Omicron BA.2 and its subvariants in Hong Kong.26

Patients aged ≥18 years who had COVID-19 infection
(documented as a PCR/RAT positive result confirmed by
DH), received COVID-19 oral antivirals (molnupiravir or
nirmatrelvir-ritonavir) within five days, and advanced
kidney disease (history of eGFR <30 ml/min per 1.73 m2)
before index date were eligible. The index date was
defined as the date of molnupiravir or nirmatrelvir-
ritonavir prescription. Exclusion criteria include: pa-
tients who (i) had a history of COVID-19 infection before
index date, (ii) on remdesivir, tocilizumab, baricitinib and
interferon beta-1b within 90 days before index date, (iii)
hospitalised at least 5 days before index date, (iv)
admitted to intensive care unit (ICU) or received venti-
latory support on or before index date, (v) received first
drug treatment >5 days after COVID-19 diagnosis, and
(vi) with contraindications to nirmatrelvir-ritonavir or
molnupiravir,27,28 including severe liver impairment
(cirrhosis, hepatocellular carcinoma, or liver transplant),
and use of interacting drugs (i.e., amiodarone, apaluta-
mide, rifampicin, rifapentine, carbamazepine, pri-
midone, phenobarbital, or phenytoin, direct oral
anticoagulants) within 90 days before index date. During
the analysis of each outcome, patients who had a history
of the outcomes before index date were also excluded.
3
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Sequence trial emulation
A sequence trial approach was adopted to compare the
risk of outcomes between patients who received
nirmatrelvir-ritonavir and patients who received mol-
nupiravir.29,30 On each week during the subject inclu-
sion period, each eligible patient newly prescribed with
molnupiravir was matched with up to 4 eligible pa-
tients newly prescribed with nirmatrelvir-ritonavir,
using propensity score matching with caliper of 0.1
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), hospitalisation,
eGFR, renal replacement therapy, pre-existing comor-
bidities (cancer, respiratory disease, myocardial
infarction, ischaemic stroke, diabetes, hypertension),
and drug use (renin-angiotensin-system agents, beta
blockers, calcium channel blockers, diuretics, nitrates,
lipid lowering agents, insulins, oral antidiabetic drugs,
antiplatelets, immuno-suppressants, corticosteroids,
proton pump inhibitors, histamine H2 receptor antag-
onists, monoclonal antibody infusion) within past 90
days. These covariates were selected since they were
potential confounders of COVID-19 oral antiviral
treatments and mortality. Individuals were followed up
from the index date until the earliest outcome occur-
rence, death, 90 days from index date or the end of data
availability.
Outcomes
Effectiveness outcomes included occurrence of (i) all-
cause mortality, (ii) ICU admission, (iii) ventilatory
support, (iv) hospitalisation, (v) hepatic impairment,
(vi) ischaemic stroke, and (vii) myocardial infarction
within 90 days after the index date. Use of ventilatory
support was identified using International Classifi-
cation of Diseases, Ninth Revision (ICD-9) procedure
codes (39.65, 89.18, 93.90, 93.95, 93.96, 96.7, 96.04).
Hepatic impairment was defined as patients who
fulfil the criteria for any level of severity (mild,
moderate, moderate to severe, severe) of drug
induced liver injury. The level of severity is cat-
egorised based on the International Drug-Induced
Liver Injury (DILI) Expert Working Group classifica-
tion.31 According to the Asia Pacific Association of
Study of Liver consensus guidelines,32 the upper limit
of normal (ULN) of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and alkaline phos-
phatase (ALP) were defined as 40U/L, 40 U/L, and
135 U/L, respectively.33 Ischaemic stroke was defined
based on ICD-9-CM codes 433.01, 433.11, 433.21,
433.31, 433.81, 433.91, 434, 436, 437.0, and 437.1.
Myocardial infarction was defined based on ICD-9-
CM codes 410.
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.34 Incidence rates were reported with 95%
confidence intervals estimated based on Poisson distri-
bution. Stratified 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 recipients. Hazard ratios (HR) with 95% con-
fidence intervals were reported. When conducting
analysis for each individual outcome (hepatic impair-
ment, ischaemic stroke, and myocardial infarction),
patients with a corresponding history of those outcomes
at baseline were excluded from the analysis. Absolute
risk reduction (ARR) was reported as the difference in
rate of events for nirmatrelvir-ritonavir recipients as
compared with molnupiravir recipients.

Four sensitivity analyses were performed to evaluate the
robustness of the findings from the main analysis. Firstly,
the risks of outcomes among patients with COVID-19 who
received COVID-19 drug treatments within three days
instead of five days were compared. Secondly, the risk of
outcomes for patients with COVID-19 receiving
nirmatrelvir-ritonavir was compared with molnupiravir
who have received vaccination within 180 days prior to first
COVID-19 infection. Patients who received vaccination
beyond 180 days were considered non-vaccinated. Thirdly,
E-value was computed to assess the robustness of conclu-
sions to potential unmeasured confounding. E-value

was calculated by formula RR +
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

RR × (RR – 1)√
, in which

RR = HR for rate of event <15% and RR = (1−0.5
̅̅̅̅̅

HR
√

)/
(1−0.5

̅̅̅̅̅̅̅̅̅

1/HR
√

) for rate of event over 15%. It is a mea-
surement 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.35 Lastly, all-cause
mortality was adjusted as competing risk, in which
competing risk Cox regression was performed.

There was no missing data from the dataset. Co-
morbidity, medication, and vaccination were defined
based on the availability of record. All statistical tests
were two-sided, with p-values below 0.05 deemed sta-
tistically significant. Statistical analyses were performed
using R version 4.0.3 (www.R-project.org). To ensure
transparent reporting of the cohort study, the STROBE
(Strengthening the Reporting of Observational Studies
in Epidemiology) statement checklist was followed.

Ethics statement
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).
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Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results
After applying the eligibility criteria and matching, 4886
(nirmatrelvir-ritonavir: 1462; molnupiravir: 3424) pa-
tients were included (Fig. 1). The mean (SD) age and
proportion of male were 79.82 (12.21) years and 46.6%
Fig. 1: Study flow diagram. Notes: The patients were matched by gender
eGFR, renal replacement therapy and pre-existing comorbidities and med

www.thelancet.com Vol 72 June, 2024
for nirmatrelvir-ritonavir recipients, and 79.61 (13.52)
years and 46.4% for molnupiravir recipients (Table 1).
All baseline characteristics except for eGFR (SMD:
0.144) were well-balanced between groups with SMD
<0.1 (Table 1). The baseline characteristics of non-
matched and matched eligible patients with COVID-19
in each treatment groups were displayed in
Supplementary Table S2. The baseline characteristics of
eligible patients before matching were also shown in
Supplementary Table S3.
, age, Charlson Comorbidity Index, vaccination status, hospitalisation,
ication use within 90 days at baseline.

5

http://www.thelancet.com


Characteristics Total (N = 4886)

Molnupiravir (N = 3424) Nirmatrelvir-ritonavir (N = 1462) SMDa

Age, year–mean (SD) 79.61 (13.52) 79.82 (12.21) 0.016

Sex, Male (%) 1594 (46.6) 681 (46.6) 0.001

CCI–mean (SD) 5.25 (1.94) 5.21 (2.02) 0.023

COVID-19 vaccination status (%) 0.028

Unvaccinated 408 (11.9) 169 (11.6)

1 dose 136 (4.0) 54 (3.7)

2 doses 430 (12.6) 175 (12.0)

≥3 doses 2450 (71.6) 1064 (72.8)

Hospitalisation (%) 1228 (35.9) 553 (37.8) 0.041

eGFR, <15 ml/min/1.73 m2 (%)* 490 (14.3) 141 (9.6) 0.144

Renal replacement therapy 262 (7.7) 81 (5.5) 0.085

Pre-existing comorbidities (%)

Cancer 310 (9.1) 159 (10.9) 0.061

Respiratory disease 253 (7.4) 114 (7.8) 0.015

Myocardial infarction 222 (6.5) 84 (5.7) 0.031

Ischaemic stroke 224 (6.5) 91 (6.2) 0.013

Diabetes 1624 (47.4) 713 (48.8) 0.027

Hypertension 2419 (70.6) 1052 (72.0) 0.029

Medication use within 90 days (%)

Renin-angiotensin-systemagents 1795 (52.4) 777 (53.1) 0.014

Beta blockers 1201 (35.1) 477 (32.6) 0.052

Calcium channel blockers 2150 (62.8) 885 (60.5) 0.046

Diuretics 968 (28.3) 347 (23.7) 0.104

Nitrates 472 (13.8) 193 (13.2) 0.017

Lipid lowering agents 2097 (61.2) 892 (61.0) 0.005

Insulins 630 (18.4) 239 (16.3) 0.054

Antidiabetic drugs 1331 (38.9) 579 (39.6) 0.015

Antiplatelets 1502 (43.9) 621 (42.5) 0.028

Immunosuppressants 96 (2.8) 32 (2.2) 0.039

Corticosteroids 240 (7.0) 89 (6.1) 0.037

Proton pump inhibitors 1622 (47.4) 657 (44.9) 0.049

Histamine H2 receptor antagonists 809 (23.6) 354 (24.2) 0.014

Monoclonal antibody infusion 2 (0.1) 1 (0.1) 0.004

SMD, Standardised mean difference; SD, Standard deviation; CCI, Charlson Comorbidity Index. aSMD <0.1 indicates balance between groups.

Table 1: Baseline characteristics of eligible COVID-19 patients with advanced kidney disease after one-to-four propensity score matching.
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The 90-day cumulative incidence of outcomes be-
tween groups were shown in Fig. 2. In this study, 347
events of all-cause mortality (nirmatrelvir-ritonavir: 74,
5.06%; molnupiravir: 273, 7.97%), 836 events of hospi-
talisation (nirmatrelvir-ritonavir: 218, 23.98%; molnu-
piravir: 618, 28.14%), 10 events of ICU admission
(nirmatrelvir-ritonavir: 4, 0.27%; molnupiravir: 6,
0.18%), 48 events of ventilatory support (nirmatrelvir-
ritonavir: 13, 0.89%; molnupiravir: 35, 1.02%), 1 events
of hepatic impairment (nirmatrelvir-ritonavir: 0, 0%;
molnupiravir: 1, 0.03%), 8 events of ischaemic stroke
(nirmatrelvir-ritonavir: 3, 0.22%; molnupiravir: 5,
0.16%) and 9 events of myocardial infarction (nirma-
trelvir-ritonavir: 2, 0.15%; molnupiravir: 7, 0.22%) were
observed (Table 2).
Nirmatrelvir-ritonavir users had lower rates of all-
cause mortality (absolute risk reduction (ARR) at 90
days 2.91%, 95% CI: 1.47–4.36%) and hospitalisation
(ARR at 90 days 4.16%, 95% CI: 0.81–7.51%) as
compared with molnupiravir users. Similar rates of ICU
admission (ARR at 90 days −0.09%, 95% CI: −0.4 to
0.2%), ventilatory support (ARR at 90 days 0.13%, 95%
CI: −0.45 to 0.72%), hepatic impairment (ARR at 90
days 0.03%, 95% CI: −0.03 to 0.09%), ischaemic stroke
(ARR at 90 days −0.06%, 95% CI: −0.35 to 0.22%), and
myocardial infarction (ARR at 90 days 0.07%, 95%
CI: −0.19 to 0.33%) were found between nirmatrelvir-
ritonavir and molnupiravir users (Table 2). Consistent
results were observed in relative risk adjusted with
baseline characteristics. Nirmatrelvir-ritonavir was
www.thelancet.com Vol 72 June, 2024
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Fig. 2: 90-day cumulative incidence of outcomes.
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associated with significantly reduced risk of all-cause
mortality (HR: 0.624, 95% CI: 0.455–0.857) and hospi-
talisation (HR: 0.782, 95% CI: 0.64–0.954) (Table 2).

The HR for all-cause mortality were largely consis-
tent in subgroup analysis (Table 3). Sensitivity analysis
on 1) patients with COVID-19 received COVID-19 drug
treatments within three days from diagnosis and 2)
patients with COVID-19 receiving vaccination within
180 days prior to first COVID-19 infection showed
similar results as the main analysis (Supplementary
Tables S4 and S5). Based on the estimated HR of all-
cause mortality (HR: 0.624), the E-value was 2.59. This
suggested that the estimated HR could be explained by
unmeasured confounding variables with 2.59-fold
Outcomes Total (N = 4886)

Nirmatrelvir-ritonavir (N = 1462)

Events Rate (%) Follow-up
time (days)

Incidence rate
(per 10,000
person days)

All-cause mortality 74 5.06 127,047 5.82 (4.57, 7.31)

ICU admission 4 0.27 126,933 0.32 (0.09, 0.81)

Ventilatory support 13 0.89 126,588 1.03 (0.55, 1.76)

Hospitalisation 218 23.98 66,252 32.90 (28.68, 37.57)

Hepatic impairment 0 0.00 126,507 0.00 (0.00, 0.29)

Ischaemic stroke 3 0.22 119,199 0.25 (0.05, 0.74)

Myocardial infarction 2 0.15 119,761 0.17 (0.02, 0.60)

ARR, Absolute risk reduction; HR, Hazard ratio; CI, Confidence interval; ICU, Intensive care
by sex, age, Charlson Comorbidity Index, vaccination status, hospitalisation, eGFR, renal r
to insufficient events observed.

Table 2: Risk of outcomes for eligible COVID-19 patients with advanced kidn
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stronger association with all-cause mortality. Hence,
our conclusions are likely robust to potential unmea-
sured confounding (Supplementary Table S6). The HRs
for ventilatory support (HR: 0.871, 95% CI: 0.456–1.663)
and hospitalisation 0.874 (0.770, 0.993) were also
consistent with main analysis after adjusted with all-
cause mortality in competing risk analysis
(Supplementary Table S7).
Discussion
In this observational study, we showed that patients with
COVID-19 and advanced CKD (eGFR <30 ml/min per
1.73 m2) who received nirmatrelvir-ritonavir had lower
Molnupiravir (N = 3424) ARR (95% CI) (%) Adjusted HR
(95% CI)a

Events Rate (%) Follow-up
time (days)

Incidence rate
(per 10,000
person days)

273 7.97 291,056 9.38 (8.30, 10.56) 2.91 (1.47, 4.36) 0.624 (0.455–0.857)

6 0.18 290,866 0.21 (0.08, 0.45) −0.09 (−0.40, 0.20) NAb

35 1.02 290,024 1.21 (0.84, 1.68) 0.13 (−0.45, 0.72) 0.547 (0.124–2.407)

618 28.14 153,343 40.30 (37.19, 43.61) 4.16 (0.81, 7.51) 0.782 (0.64–0.954)

1 0.03 290,236 0.03 (0.00, 0.19) 0.03 (−0.03, 0.09) NAb

5 0.16 272,990 0.18 (0.06, 0.43) −0.06 (−0.35, 0.22) NAb

7 0.22 272,596 0.26 (0.10, 0.53) 0.07 (−0.19, 0.33) NAb

units; NA, Not applicable. aHazard ratios were obtained from stratified Cox proportional hazard regression adjusted
eplacement therapy, pre-existing comorbidities and medication use within 90 days at baseline. bNot applicable due

ey disease receiving nirmatrelvir-ritonavir compared with molnupiravir.
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Subgroups Total (N = 4886)

Nirmatrelvir-ritonavir (N = 1462) Molnupiravir (N = 3424) ARR (95% CI) (%) Adjusted HR
(95% CI)a

p-value for
interaction

Events Rate (%) Follow-up
time (days)

Incidence rate
(per 10,000
person days)

Events Rate (%) Follow-up
time (days)

Incidence rate
(per 10,000
person days)

All-cause mortality

Age, years 0.127

<70 6 2.24 23,828 2.52 (0.92, 5.48) 14 2.03 61,289 2.28 (1.25, 3.83) −0.21 (0.09, 3.22) NAb

≥70 68 5.70 103,219 6.59 (5.12, 8.35) 259 9.48 229,767 11.27 (9.94, 12.73) 3.78 (1.62, 6.12) 0.566 (0.401–0.798)

Sex 0.227

Male 41 6.02 58,868 6.96 (5.00, 9.45) 137 8.59 135,116 10.14 (8.51, 11.99) 2.57 (0.32, 4.83) 0.873 (0.468–1.631)

Female 33 4.23 68,179 4.84 (3.33, 6.80) 136 7.43 155,940 8.72 (7.32, 10.32) 3.20 (1.35, 5.06) 0.571 (0.265–1.229)

CCI 0.894

≤5 35 3.88 79,095 4.43 (3.08, 6.15) 115 5.86 169,545 6.78 (5.60, 8.14) 1.98 (0.35, 3.61) 0.614 (0.321–1.174)

>5 39 6.96 47,952 8.13 (5.78, 11.12) 158 10.81 121,511 13.00 (11.05, 15.20) 3.85 (1.21, 6.49) 0.772 (0.402–1.482)

COVID-19 vaccination status 0.326

0–1 dose 15 8.88 14,411 10.41 (5.83, 17.17) 62 15.20 33,051 18.76 (14.38, 24.05) 6.32 (0.80, 11.85) NAb

≥2 doses 59 4.56 112,636 5.24 (3.99, 6.76) 211 7.00 258,005 8.18 (7.11, 9.36) 2.44 (0.98, 3.89) 0.549 (0.372–0.81)

HR, Hazard ratio; CI, Confidence interval; CCI, Charlson Comorbidity Index. aHazard ratios were obtained from stratified Cox proportional hazard regression adjusted by sex, age, Charlson Comorbidity Index,
vaccination status, hospitalisation, eGFR, renal replacement therapy, pre-existing comorbidities and medication use within 90 days at baseline. bNot applicable due to insufficient events observed.

Table 3: Subgroup analyses of all-cause mortality.
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all-cause mortality at day 90 after treatment than those
who received molnupiravir. Between nirmatrelvir-
ritonavir and molnupiravir, the use of nirmatrelvir-
ritonavir was associated with a lower hospitalisation
rate. The two treatment arms had similar ICU admis-
sion rates and rates of complications including hepatic
impairment, respiratory and cardiovascular incidents.

Effective anti-viral therapy has been recommended
for patients with COVID-19 who are at risk of clinical
deterioration, with CKD being one of the major risk
factors. However, the use of nirmatrelvir has been
limited among patients with CKD based on its renal
excretion. Patients with eGFR <30 ml/min per 1.73 m2

were not included in the EPIC-HR trial, and thus clin-
ical data regarding its safety and effectiveness has been
scant. In patients with better renal function, the safety
profile of nirmatrelvir was reported to be favorable with
minimal serious adverse effects. The nirmatrelvir-
ritonavir group even had a lower rate of serious
adverse events (2%) than in the placebo group (7%).8 In
patients with more advanced kidney disease, nirma-
trelvir serum concentration is inevitably higher.36 The
maximum tolerated dose of nirmatrelvir in humans
remains a question. One animal study found no adverse
effects even when nirmatrelvir was dosed at 1000 mg/kg
per day, which was equivalent to 8 times the recom-
mended dose in humans.7 Peak plasma concentration of
nirmatrelvir-ritonavir in patients receiving intermittent
haemodialysis can be up to 4 times of that in patients
with normal renal function.37 Hepatotoxicity is one of
the side effects of nirmatrelvir and hence hepatic toler-
ance is one of the concerns when dosing in patients with
advanced kidney disease.7 Lingscheid et al. reported a
case series of treatment of nirmatrelvir-ritonavir in 4
patients with end-stage kidney disease requiring inter-
mittent haemodialysis. None of the patients developed
hepatic impairment after receiving nirmatrelvir-
ritonavir (150 mg nirmatrelvir + 100 mg ritonavir
twice daily for 5 days).37 Similar study on patients
receiving intermittent haemodialysis showed that
nirmatrelvir-ritonavir was in general well tolerated
without hepatic impairment reported.38 Our study
concurred with the issue of hepatotoxicity that both
treatment arms of nirmatrelvir-ritonavir and molnupir-
avir had similar rates of hepatic impairment. Regarding
efficacy, Hiremath et al. prescribed a modified regimen
of nirmatrelvir-ritonavir suggested by a group of Cana-
dian physicians to dialysis patients (300 mg
nirmatrelvir + 100 mg ritonavir on day 1 then 150 mg
nirmatrelvir + 100 mg ritonavir, dose after dialysis for
those on haemodialysis).39 Most patients (96%) were
able to complete the regimen and there were no deaths
at day 30.40 Our study further compared the efficacy of
nirmatrelvir-ritonavir with molnupiravir and showed
that the former was associated with a lower all-cause
mortality than the latter.

Patients with dysphagia and those who required
enteral tube feeding were not excluded from the analysis.
In the product monograph, it stated that the drugs cannot
be chewed or crushed and must be swallowed whole.28 It
was remarked by the manufacturer that this was based on
a lack of data support. Yet there was preliminary data
supporting crushing nirmatrelvir.41 In Hong Kong,
administering crushed nirmatrelvir-ritonavir has been
practised widely as it was recommended by the HA Task
Force on Clinical Management on Infection.42 The more
www.thelancet.com Vol 72 June, 2024
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frail elderly patients who had swallowing difficulty or
were on enteral tube feeding were not contraindicated to
use of nirmatrelvir-ritonavir. Therefore, enteral tube
feeding itself is not a factor contributing to bias in
choosing antiviral.

Our study has several strengths and limitations. For
the strengths, it is the first territory-wide real-world
study comparing nirmatrelvir-ritonavir and molnupir-
avir in advanced kidney disease. Our findings supple-
ment further pieces of information on how the two
antiviral drugs compare to each other in terms of
effectiveness. The large electronic health record data-
base in Hong Kong confers high population represen-
tation. The use of sequence trial approach helps
synchronise eligibility and treatment assignment and
mitigate the bias encountered in observational study.

There are several limitations in our study. Firstly, the
date of symptom onset is not available and the date of
positivity of PCR/RAT is used as a proxy. Individuals
may not test themselves unless they develop symptoms.
Yet, during the time when compulsory testing was
prevalent in Hong Kong in 2022, with strict isolation
policy still in place, the number of COVID-19 testing was
exceptionally high in the city and regular PCR/RAT
testing might pick up the diagnosis earlier than the
symptom onset for those whose symptoms were mild or
vague, rendering it a reliable proxy for symptom onset.43

Secondly, the dose of nirmaltrevir-ritonavir is not
standardised. Local practice has adopted different dosing
strategies (e.g. nirmatrelvir-ritonavir 150 mg/100 mg
twice daily for 5 days or the modified dose as suggested
by the Canadian group39). The performance of each
dosing strategy might differ. Thirdly, there exists po-
tential unmeasured confounding which are not available
from the dataset. Specifically, the lower CI of E-value
(1.22) for hospitalisation may indicate the result might
not be robust upon adjustment by existing baseline
covariates. The effect of potential residual bias could not
be eliminated. Fourthly, information from the electronic
health record database is insufficient to categorise
COVID-19 related hospitalisation, COVID-19 related
mortality and severe COVID-19 among the outcomes.
Lastly, subgroups of CKD are not particularly analysed.
Dialysis and non-dialysis patients are likely to have
different drug elimination profiles. Moreover, pharma-
cokinetics is dependent on modalities and frequency of
dialysis. Whether nirmatrelvir is dialysable or requires
further dose adjustments remains to be an area to
explore.

In conclusion, treatment with nirmatrelvir-ritonavir
in patients with advanced kidney disease was associ-
ated with a lower all-cause mortality and hospitalisation
than in molnupiravir. Nirmatrelvir-ritonavir had a
similar complication rate when compared with molnu-
piravir. Therefore, nirmatrelvir-ritonavir remains a
favourable option for this group of patients. Further
research on the difference in pharmacokinetics of
www.thelancet.com Vol 72 June, 2024
nirmatrelvir-ritonavir between dialysis and non-dialysis
groups of patients may be needed for better optimis-
ing the dosing in each group of patients.
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