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ABSTRACT

Background: Nirmatrelvir-ritonavir is highly effective in preventing severe coronavirus
disease 2019 (COVID-19) in high-risk patients with mild-to-moderate severity. However,
real-world performance data are limited, and the drug is not so acceptable to the COVID-19
patients at high risk who need it in Korea.

Methods: To evaluate the effectiveness of nirmatrelvir-ritonavir, we conducted a propensity
score-matched retrospective cohort study on patients with mild-to-moderate COVID-19 at
high risk for a severe disease who were hospitalized at four hospitals in South Korea from
February 2022 to April 2022. A total of 236 patients in the treatment group (administered
nirmatrelvir-ritonavir) and 236 in the matched control group (supportive care only) were
analyzed for the primary outcome, i.e., the time to oxygen support-free survival. The
secondary outcome was a composite result of disease progression. The reason for not
prescribing nirmatrelvir-ritonavir to the indicated patients was also investigated.

Results: The treatment group showed significantly longer oxygen support-free survival than
the matched control group (adjusted hazard ratio [aHR], 0.07; 95% confidence interval [CI],
0.01-0.31; P< 0.001). Multivariate Cox regression analysis showed that age (aHR, 1.03; 95%
CI, 1.00-1.07), National Early Warning Score-2 at admission (aHR, 1.36; 95% CI, 1.08-1.71),
nirmatrelvir-ritonavir treatment, female sex (aHR, 0.37; 95% CI, 0.15-0.88), and time from
symptom onset to admission (aHR, 0.67; 95% CI, 0.48-0.95) were significantly associated with
oxygen therapy. However, none of the factors were related to the composite outcome. In the
unmatched control group, 19.9% of 376 patients had documented explanations for nirmatrelvir-
ritonavir non-prescription, and 44.0% of these were due to contraindication criteria. In the
treatment group, 10.9% of patients discontinued the medication primarily because of adverse
events (71.4%), with gastrointestinal symptoms being the most common (50.0%).
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Conclusion: Nirmatrelvir-ritonavir treatment significantly reduced oxygen therapy
requirements in high-risk patients with COVID-19 during the omicron variant surge in South
Korea. Physicians are encouraged to consider the active use of nirmatrelvir-ritonavir and to be
watchful for gastrointestinal symptoms during medication.

Keywords: Nirmatrelvir-Ritonavir; COVID-19; Effectiveness; Retrospective Cohort Study

INTRODUCTION

Several antiviral agents have been used against coronavirus disease 2019 (COVID-19).
Nirmatrelvir is a potent inhibitor that binds to the main protease of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and affects viral replication.! Nirmatrelvir was first
authorized as an oral antiviral agent by the United States Food and Drug Administration in
December 2021 for emergency use for treating mild-to-moderate COVID-19 in patients at
high risk of progression to severe disease.2 The EPIC-HR trial—a randomized controlled trial
on high-risk patients—demonstrated that nirmatrelvir reduced the progression to severe
COVID-19 by about 89% in unvaccinated adult patients who were symptomatic for 5 days

or less.3 Given that previously authorized antivirals or monoclonal antibody agents against
COVID-19 were limited to injectable drugs, a potent oral antiviral agent for non-hospitalized
patients with the mild-to-moderate disease is expected to improve COVID-19 outcomes.4
Notably, the EPIC-HR trial was conducted only on unvaccinated SARS-CoV-2-infected
patients during a period dominated by the B.1.617.2 (delta) variant.

However, given that more than 85% of adults aged > 60 years received three doses of the
COVID-19 vaccine as of January 31, 2022, in South Korea5 and that other predominant
variants have emerged since the delta variant, the real-world performance on the
effectiveness of nirmatrelvir-ritonavir needs to be elucidated in South Korea. Consequently,
we aimed to investigate the effectiveness of nirmatrelvir-ritonavir in preventing progression
to severe disease in high-risk patients with mild-to-moderate COVID-19, bearing in mind
the current context of the predominance of the omicron variant and high levels of vaccine
coverage in South Korea.

METHODS

Study design and subjects

This retrospective cohort study was conducted at four hospitals that provided care for
COVIDA19 patients in Seoul, Korea. The study duration was February 2022 to April 2022,
when the omicron variant was predominant, and nirmatrelvir-ritonavir became available.
The inclusion criteria for the study subjects were as follows: 1) patients with mild-to-
moderate COVID-19 who were admitted within 5 days of symptom onset; 2) patients

who had risk factors for disease progression; and 3) patients who did not require oxygen
supplementation or had an SpO, of > 94% on room air for at least 24 hours after admission.
The risk factors for disease progression were an age of > 60 years or an age of > 40 years with
certain comorbidities (diabetes mellitus, hypertension, cardiovascular disease, chronic renal
disease, chronic respiratory disease, chronic liver disease, neurological disease, body mass
index (BMI) > 30 kg/m?, or immunosuppressed conditions).68 The study participants were
enrolled on the day of hospitalization and were divided into a treatment group (those treated
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with nirmatrelvir-ritonavir) and a control group (those who were indicated for nirmatrelvir-
ritonavir treatment but were provided only supportive care). The exclusion criteria were as
follows: 1) absence of any COVID-19-related symptoms; 2) enrollment after more than 5 days
from the onset of symptoms; 3) administration of oxygen therapy before nirmatrelvir-ritonavir
use; 4) use of other antiviral agents or monoclonal antibodies at room air state; 5) SARS-CoV-2
reinfection; 6) pregnancy; and 7) those whose outcomes were not evaluated owing to the short
duration of hospitalization (< 7 days from onset of symptoms to discharge). In the treatment
group, those who did not complete the 5-day course of nirmatrelvir-ritonavir without disease
progression or those discharged before the completion of the 5-day course of nirmatrelvir-
ritonavir were also excluded because of unknown outcome status.

Data collection and study outcomes

Baseline characteristics and clinical data of the participants were retrospectively collected
from the electronic medical records. The collected variables included demographics,
comorbidities, weighted Charlson Comorbidity Index (CCI) score, COVID-19 vaccination
status, National Early Warning Score-2 (NEWS2) at admission, laboratory and radiologic
findings within 48 hours of admission, major medications administered (nirmatrelvir-
ritonavir, molnupiravir, remdesivir, regdanvimab, antibiotics, and steroids), the worst disease
status according to the modified World Health Organization (WHO) Ordinal Scale,? and
clinical outcomes (discharge after full recovery, transfer to other hospitals, or mortality).
The length of hospital stay, duration from symptom onset to admission, and duration from
admission to disease progression were calculated based on the modified WHO Ordinal Scale.
For those considered for nirmatrelvir treatment but not administered with nirmatrelvir or
those who did not complete the 5-day course of nirmatrelvir-ritonavir, the corresponding
reasons were reviewed as available. The COVID-19 vaccination status was classified into two
categories: appropriate and inappropriate. Patients who received a third dose of vaccine
within 8 days or a second dose between 8 and 180 days before the enrollment date were
considered as having “appropriate vaccination” status.10 Patients who were never vaccinated
or received only one dose of vaccine or a second dose more than 180 days prior to enrollment
were considered as having “inappropriate vaccination” status. Vaccination records were
collected from the electronic medical records which were mainly obtained from the official
epidemiological investigation form or systemic survey by individual hospitals which was
supplemented by the National Immunization Registry.

The primary endpoint of the effectiveness analysis was the requirement for oxygen therapy
(severity score of > 3). Secondary endpoints were composite outcomes comprising
progression to severe diseases, which were defined as supplemental oxygen via a facial mask
(score 4), noninvasive mechanical ventilation (score 5), invasive mechanical ventilation (score
6), multi-organ failure or extracorporeal membrane oxygenation therapy (score 7), and death
(score 8).9 The clinical outcomes of the patients were followed up until the day of discharge,
transfer, or death.

Statistical analysis

Propensity score (PS) matching was performed on the different distributions of
characteristics to achieve a balance in covariates between the treatment and control groups.11
Greedy 1:1 nearest neighbor matching without replacement, with a caliper width of 0.25,

was performed using the PROC PSMATCH SAS program.12 A logistic regression analysis was
performed to calculate the predicted probability of being treated with nirmatrelvir-ritonavir
given variables associated with nirmatrelvir-ritonavir use. Demographic variables, common
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prognostic covariates, and those identified from the present cohort were included in the PS
model. The final PS matching variable were age, sex, BMI, duration from symptom onset to
admission, NEWS2 score, CCI, COVID-19 vaccination status, and immunosuppressant use
from the available data. We examined the standardized mean difference (SMD) to assess the
balance of each baseline covariate between groups in the matched sample after PS matching,
with an SMD of > 0.1 considered to be imbalanced.13 Patient characteristics are summarized as
means and standard deviations (SD) and analyzed using the y? test for categorical variables and
Student’s t-tests for continuous variables both before and after PS matching. Kaplan—Meier
analyses were used to compare oxygen support-free survival times of PS-matched cases, and
the log-rank test was used to determine the significance test for comparison between the
treatment and control groups using the “survminer” R package.14 Patients who were discharged
without oxygen therapy were censored at the discharge date or on hospital day 12, whichever
occurred first. Hazard ratios (HRs) with 95% confidence intervals (CIs) were used as a
descriptive measure of the difference in oxygen support-free survival times between oxygen
support users and non-users as the primary outcome. Secondary outcomes such as oxygen
therapy through a facial mask, high-flow nasal cannulation device, or mechanical ventilation
and mortality were estimated using the multivariate Cox regression models adjusted for the
aforementioned covariates. We constructed a forest plot of multivariate Cox proportional
analysis of oxygen support with nirmatrelvir-ritonavir treatment using the ‘survival R
package.15 Statistical analyses were performed using the R software (version 4.1.1; R
Foundation for Statistical Computing, Vienna, Austria) and SAS version 9.3 software (version
9.4; SAS Institute, Cary, NC, USA). All significance tests were two-tailed, and a Pvalue < 0.05
was considered statistically significant.

Ethics statement

The study was approved by the Institutional Review Board (IRB) of the National Medical
Center (IRB No. NMC-2022-05-048) and the other three participating hospitals and was
performed in accordance with the ethical standards of the Declaration of Helsinki and
its later amendments. A waiver of informed consent was granted by the IRB owing to the
retrospective nature of the study.

RESULTS

Baseline characteristics of the participants

A total 0of 2,782 patients aged 40 years and older were admitted to the four study hospitals
during the study period (Fig. 1). After excluding 2,148 patients according to the specified
inclusion and exclusion criteria, 634 patients were finally enrolled, with 258 and 376 patients
in the treatment and control groups, respectively. Treatment group patients, when compared
to those of the control group, were found to be older (69.4 vs. 66.2 years, respectively), had

a higher proportion of men (47.7% vs. 40.2%, respectively), and had a higher proportion

of comorbidities (96.5% vs. 90.6%, respectively) (Table 1, Supplementary Table 1). In
particular, treatment group patients had a higher proportion of solid tumors (23.2% vs. 15.1%,
respectively, P=0.010) and greater immunosuppressant use (9.3% vs. 3.1%, respectively, P=
0.001) than those of the control group. In line with the indication for nirmatrelvir-ritonavir,
the treatment group presented more frequently with pneumonia on chest radiography than the
control group (16.2% vs. 7.8%, respectively, P= 0.001). Further, the duration from symptom
onset to admission was shorter in the treatment group than in the control group (1.9 days vs.
2.4 days, respectively, P < 0.001). In the treatment group, the mean time from admission to
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n COVID-19 Patients

2,782 Patients aged > 40 years with SARS-CoV-2
between 1 February and 30 April 2022

2,072 Patients not meeting the inclusion criteria
231 < 60 years without underlying disease
533 Received oxygen support within 24 hours of admission
277 Admitted after 6 days from symptom onset
306 Asymptomatic or unknown of symptom onset

76 Patients excluded

15 Control group with symptom onset
(too short observation period)

28 Discontinue nirmatrelvir before completion
33 Were discharged during nirmatrelvi

683 Received other antiviral medications
23 Unknown for final outcomes
8 Reinfected with SARS-CoV-2
7 Pregnant
4 Started nirmatrelvir-ritonavir before admission

r treatment
to discharge < 7 days

v

634 Eligible patients for the study

'

258 Patients tre

ritonavir (treatment group)

ated with nirmatrelvir- 376 Patients received supportive

care only (control group)

292 Patients not matched |<7

4>| 140 Patients not matched

236 Patients
scor

after 1:1 propensity
e-matching

236 Patients after 1:1 propensity
score-matching

Fig. 1. Flowchart for selection of study participants.
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

Table 1. Characteristics of COVID-19 patients before and after propensity score-matching

Variables All patients Propensity score-matched patients
Treatment group Control group SMD Treatment group Control group SMD
(n=258) (n=2376) (n=236) (n=236)

Age, yr 69.4+11.2 66.2 +13.4 0.255 68.8+£10.9 69.0+12.6 -0.020
Female 135 (52.3) 295 (59.8) 0.170 123 (52.1) 129 (54.7) 0.051
BMI 23.2+ 3.5 23.5+3.9 -0.081 23.2+ 3.6 23.3+4.1 -0.042
Charlson’s Comorbidity Index score 3.8+1.7 3.50+ 1.7 0.170 3.7+1.7 3.6+1.7 0.017
Immunosuppressant use 24 (9.3) 12 (3.2) -0.253 13 (5.5) 11 (4.7) -0.035
COVID-19 vaccinated 198 (76.7) 279 (74.9) -0.059 181 (76.7) 180 (76.3) -0.010
NEWS2 at admission 1.0+ 1.3 0.9+1.2 0.046 0.9+1.3 0.9+1.2 0.003
Time from symptom onset to admission in days 1.97+1.2 2.40+ 1.4 -0.339 1.98+1.2 1.98+1.3 0.000

Data are presented as mean * standard deviation or number (percentage) of patients.
COVID-19 = coronavirus disease-19, SMD = standardized mean difference, BMI = body mass index, NEWS2 = National Early Warning Score-2.

https://jkms.org

the first dose of nirmatrelvir-ritonavir was 2.0 days. COVID-19 vaccination status was similar
between the treatment and control groups (76.7% and 74.2%, respectively).

Subsequently, 236 patients were matched between the treatment and control groups for
analysis. The demographic and clinical characteristics of the two groups before and after
PS-matching are presented in Table 1. After matching, the treatment and control groups
were similar in terms of age (68.8 vs. 69.0 years, respectively), sex (percentage of women:
52.1% vs. 54.7%, respectively), presence of comorbidities, vaccination status, and NEWS?2 at
admission. Standardized differences were less than 0.1 for all measures.

Primary outcome: oxygen support-free survival
Among the total 472 matched patients, 2 (0.8%) patients in the treatment group and 22
(9.3%) patients in the control group needed new oxygen support, with a median time from
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Fig. 2. Oxygen support-free survival analysis in the propensity score-matched cohort. Kaplan-Meier survival
curves of oxygen-free survival with a follow-up duration of 11 days from the hospital admission. Patients who were
discharged without oxygen therapy were censored at the discharge date or on hospital day 12, whichever came
first. The nirmatrelvir-ritonavir treatment group showed significantly longer oxygen-free survival (P < 0.001) than
the control group.

admission to initial oxygen support of 6 days (interquartile range [IQR], 5-7) in the treatment
group and 6 days (IQR, 5-7) in the control group. The Kaplan—Meier survival curves for
oxygen support-free survival (Fig. 2) showed that there was a significant difference in the
time from admission to oxygen support or discharge between the two groups through

a follow-up of 11 days (P < 0.001). The multivariate Cox regression model showed that
nirmatrelvir-ritonavir significantly reduced the need for oxygen therapy compared to that of
the control group (adjusted hazard ratio [aHR], 0.07; 95% CI, 0.01-0.31) (Fig. 3). Female sex
(aHR, 0.37; 95% CI, 0.15-0.88; P= 0.025) and duration from symptom onset to admission
(aHR, 0.679; 95% CI, 0.48-0.96; P=0.027) were also associated with less need for oxygen
support. However, high NEWS2 (aHR, 1.36; 95% CI, 1.08-1.72; P=0.008) and old age (aHR,
1.039; 95% CI, 1.00-1.08; P=0.036) were associated with disease progression to requiring
oxygen support. BMI, vaccination status, and underlying diseases (CCI) did not show a
significant association with oxygen support.

Composite outcomes for the progression to severe disease or mortality
Regarding the composite outcomes for progression to severe disease (facial mask, high-flow
nasal cannula, and invasive mechanical ventilator) and mortality, 1 (0.4%) patient in the
matched treatment group and 4 (1.7%) patients in the matched control group progressed

to severe diseases beyond nasal cannula; all 5 of them died. Thus, the all-cause in-hospital
mortality was 0.4% in the treatment group and 1.7% in the control group, and the difference
between the two groups was not statistically significant. According to the multivariate Cox
regression model, no factor was significantly associated with the composite outcome (Table 2).

Acceptability and interruption of nirmatrelvir-ritonavir

We used the medical records to investigate the reasons for not prescribing nirmatrelvir-
ritonavir. We could perform this investigation for 75 (19.9%) patients among the 376 patients
in the control group. Relative contraindications owing to abnormal liver function or renal
function (17/75, 22.7%) were the most common reasons, followed by concomitant use of
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Fig. 3. The forest plot of multivariate Cox proportional analysis of oxygen therapy with nirmatrelvir-ritonavir treatment. The following variables were included in
the model: age, sex, BMI, CCI score, immunosuppressant use, coronavirus disease 2019 vaccination status, NEWS2, and days from symptom onset to admission.
Inappropriate vaccination indicates patients who were never vaccinated or received only one dose of vaccine or a second dose more than 180 days prior to
enrollment date. Appropriate vaccination indicates patients who received a third dose of vaccine within 8 days or a second dose between 8 and 180 days before
the enrollment date.

BMI = body mass index, CCI = Charlson Comorbidity Index, NEWS2 = National Early Warning Score-2.

"P<0.05, P <0.01, ""P < 0.001.

Table 2. Multivariable Cox regression analysis of the requirement of oxygen support, severe COVID-19, and mortality

Variables Requirement for oxygen support Requirement for mask and high flow oxygen Mortality
Nirmatrelvir-ritonavir 0.07 (0.01-0.30)" 0.33 (0.02-4.20) 0.11 (0.00-3.67)
Age 1.03 (1.00-1.07)" 1.06 (0.98-1.16) 1.10 (0.99-1.23)

Charlson’s Comorbidity Index
BMI
NEWS2
Sex

Men

Women
Immunosuppressant use

No

Yes

Time from symptom onset to admission

COVID-19 vaccination
Inappropriate?
Appropriate®

1.00 (0.80-1.24)

0.92 (0.82-1.04)

1.36 (1.08-1.71)"
1.00

0.37 (0.15-0.88)"
1.00

0.68 (0.07-5.94)

0.67 (0.48-0.95)"

1.00
0.84(0.33-2.11)

1.11 (0.62-1.97)
0.98 (0.75-1.29)
1.50 (0.79-2.85)

1.00
0.72 (0.09-5.48)

Not included
Not included
0.37 (0.11-1.28)

1.00
0.24 (0.02-2.50)

1.29 (0.62-2.67)
0.96 (0.69-1.31)
1.63 (0.80-3.32)

1.00
0.22 (0.01-2.73)

Not included
Not included
0.50 (0.18-1.37)

1.00
0.08 (0.00-1.47)

Nirmatrelvir-ritonavir treatment was used as the time-dependent variable. The results are expressed as hazard ratio and 95% confidence interval.

COVID-19 = coronavirus disease 2019, BMI = body mass index, NEWS2 = National Early Warning Score-2.

2patients who were never vaccinated or received only one dose of vaccine or a second dose more than 180 days prior to enrollment date.
bPatients who received a third dose of vaccine within 8 days or a second dose between 8 and 180 days before the enrollment date.
"P<0.05.

contraindicated drugs (16/75, 21.3%), patient refusal (15, 20.0%), and mild symptoms (14,
18.7%). Among the 28 patients who discontinued nirmatrelvir-ritonavir medication before
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completion of the 5-day course, the most common reason for discontinuation was adverse
events (20/28, 71.4%), followed by delayed identification of contraindicated concomitant
drugs (4/28, 14.3%), patient refusal (3/28, 10.7%), and disease progression (1/28, 3.6%).
The adverse events in duplicate included nausea or vomiting (5/20, 25%), a bitter taste (4/20
20%), abdominal pain (3/20, 15%), diarrhea (2/20, 10%), headache (2/20, 10%), high blood
pressure (2/20, 10%), and others (one case each of decreased renal function, dizziness,
tremor, insomnia, and urticaria).

DISCUSSION

Based on the efficacy of the EPIC-HR trial and the convenient oral formulation, nirmatrelvir-
ritonavir was expected to be a game-changer during the COVID-19 pandemic. However,
obstacles regarding their major role continue to persist. Real-world evidence is important
for policymaking and evidence-based medical practice. In the present study, we explored the
effectiveness of nirmatrelvir-ritonavir in preventing the progression to severe disease in high-
risk patients with mild-to-moderate COVID-19. Our study showed that nirmatrelvir-ritonavir
reduced the need for oxygen therapy by 93% compared to that of the matched control group
(aHR, 0.07; 95% CI, 0.01-0.31).

This is the first report on the real-world effectiveness of nirmatrelvir-ritonavir in a population
with high vaccine coverage during the omicron variant surge (BA.1 and BA.2 variants) in
South Korea. Although the Korean government has been providing nirmatrelvir-ritonavir free
of charge for indicated patients with COVID-19, there is only one local study regarding its
effectiveness in the literature as of February 2023. Park et al.16 reported the effectiveness of
nirmatrelvir-ritonavir in 819 patients and healthcare workers in five long-term care facilities
in Korea between February and April 2022. The study showed that nirmatrelvir-ritonavir
reduces severe illness or death by 51% compared to that of the control group (n =196).
However, the patients were not matched, and the definition of the outcome was uncertain.

Other regional studies have confirmed the effectiveness of nirmatrelvir-ritonavir therapy with
varying degrees of magnitude. Arbel et al.1” reported that the nirmatrelvir-ritonavir therapy
administered during the omicron variant surge reduced the risk of hospitalization and death
in patients with COVID-19 (aged > 65 years) by 73% (aHR, 0.27; 95% CI, 0.15-0.49) and by
79% (aHR, 0.21; 95% CI, 0.05-0.82), respectively, using healthcare data 0f 109,254 patients
with COVID-19 and 3,902 nirmatrelvir-ritonavir-treated patients in Israel. Najjar-Debbiny et
al.18 reported that the nirmatrelvir-ritonavir therapy during the omicron variant surge was
associated with a significant decrease in the rate of severe COVID-19 (aHR, 0.54; 95% CI,
0.39-0.75) and that it was more effective in older patients and immunosuppressed patients
using also healthcare data 0f 180,351 patients with COVID-19 and 4,737 nirmatrelvir-ritonavir
treated patients in Israel. Wong et al.19 concluded that nirmatrelvir-ritonavir therapy (n =
890) during the omicron variant surge decreased the need for oxygen therapy in patients
with COVID-19 in Hong Kong (HR, 0.73; 95% CI, 0.54—0.97) compared with that of the PS-
matched controls. Studies from Israel included only non-hospitalized patients with patient
data obtained from a large medical database, and the duration from symptom onset to
treatment was not considered in the inclusion criteria. Our study included only hospitalized
patients who were not absolutely indicated for in-hospital care due to the national policy

on the care for “patients with COVID-19 with comorbidities or vulnerable conditions” in the
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hospital. Consequently, we suggest that this might have led to a stricter selection of high-risk
groups and resulted in a greater protective effect from nirmatrelvir-ritonavir therapy.

Our study also evaluated other relevant factors associated with disease progression and
demonstrated that high NEWS2 score at admission, male sex, short duration from symptom
onset to admission, and old age were independent risk factors for disease progression.
Notably, the female sex was associated with a significantly lower risk (aHR, 0.37) for oxygen
support than the male sex. Research on sex disparities regarding COVID-19 infection is
limited, but existing data consistently show that the female sex is associated with a lower
risk of poor outcomes for COVID-19.20,21 Male sex presented with a high HR of1.41 (95%

CI, 1.13-1.75) in patients aged 40—64 years and 1.65 (95% CI, 1.43-1.91) in patients aged > 65
years for hospitalization due to COVID-19 in a previous study.l” Given the gender disparities
observed, Bienvenu et al.22 suggested a biological explanation; sexual dimorphism plays

a essential role in the genetic and hormonal regulation of immune responses, and it may
attribute to the worse outcomes in men with COVID-19. Vaccination status was not a
significant protective factor for disease progression in our study. Contrastingly, the prior
study!8 performed in Israel revealed that adequate COVID-19 vaccination resulted in a lower
risk for severe disease (HR, 0.20; CI, 0.17-0.22) than with the use of nirmatrelvir (HR, 0.54;
CI, 0.39-0.75). Our unexpected findings may have resulted from the waning of booster
vaccine effectiveness against the omicron variant after 3 months of administration?3 and the
small sample size to confirm vaccine effectiveness. In addition, herein, 38.7% of the patients
in the inappropriately vaccinated group received two primary vaccine doses, indicating that a
significant portion of the group had some level of immunity to COVID-19, which lowered the
differences in vaccine effect between the two groups.

We investigated the individual reasons for non-prescription of nirmatrelvir-ritonavir to
high-risk patients and discontinuation of nirmatrelvir-ritonavir before completion of the
5-day schedule. Contrary to initial expectations, the overall prescription rate of nirmatrelvir-
ritonavir to patients with COVID-19 has been low since its introduction in Korea in January
2022. The government has tried to increase the administration of nirmatrelvir-ritonavir
medication in many ways, such as expanding the indicated patient groups, improving

the logistics of pharmacies and medical institutions, and educating both patients and
physicians in charge of the prescription.24 However, academic evaluation of the reasons

for low prescription has not been adequately performed. Our results showed that severe
kidney or liver diseases and the use of contraindicated concomitant medications accounted
for > 40% of the non-prescriptions. In addition, patient refusal was the reason for 20% of
non-prescriptions. Park et al.25 reported that 73.2% of 414 patients with COVID-19 who
were eligible for nirmatrelvir-ritonavir therapy were not prescribed this medication; the
main reason for non-prescription was patient refusal (86.5%), and 15.3% of patients in

the treatment group experienced side effects, with 10.8% experiencing gastrointestinal
symptoms. Five (4.5%) patients discontinued nirmatrelvir-ritonavir due to the side effects.

This study has several limitations. First, the number of study participants was not sufficient
to estimate the effectiveness of the secondary outcome (composite disease progression) or
to perform further subgroup analysis. However, our study is still the only matched analysis
using real-world data from the South Korean population. Second, the retrospective nature
of this cohort study may have affected the quality of the data. Although PS matching was
used to balance the risk factors, residual confounding factors remain to be considered.

As the study participants were mostly classified as having mild-to-moderate disease, the
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observational period (hospital length of stay) was short. A policy of home treatment for
COVID-19 was implemented during the omicron variant surge, and some patients with
uncomplicated infection were discharged before the completion of the obligatory isolation
period. Although we could not follow up on the longer outcomes after discharge, the final
outcome might not be different, as immediate feedback to the hospital in charge of further
medical care was usually handled through government-approved channels. Third, this study
enrolled only hospitalized COVID-19 patients. Although hospitalization did not necessarily
imply that the patients needed absolute in-hospital care, it categorized them as potentially
high-risk patients, requiring hospitalized isolation as per the national policy. Both treatment
and control groups were enrolled according to the study inclusion criteria. Therefore, they
can be considered equivalent to outpatients. However, this hospitalization process might
have led to the selection of patients at a higher risk and may have enhanced the difference

in effectiveness. Our study showed a 93% reduction in the need for oxygen therapy with
nirmatrelvir-ritonavir usage, in contrast to 89% in the EPIC-HR trial3 and 46%!18 and 73%17
in the above-mentioned studies on risk reduction. Lastly, we could collect non-prescription
reasons from only 20% out of control group. Although the number of samples were
insufficient, our findings are line with the non-prescription reasons from the Government
press release or media.

We used the medical records to investigate the reasons for not prescribing nirmatrelvir-
ritonavir. We could perform this investigation for 75 (19.9%) patients among the 376 patients in
the control group. Relative contraindications owing to abnormal liver function or renal function
(17/75, 22.7%) were the most common reasons, followed by concomitant use of contraindicated
drugs (16/75, 21.3%), patient refusal (15, 20.0%), and mild symptoms (14, 18.7%).

In conclusion, nirmatrelvir-ritonavir treatment was associated with a 93% reduction in the
need for oxygen therapy in high-risk patients with COVID-19 during the omicron variant
surge in South Korea. Our study showed higher effectiveness than previous studies on the
real-world effectiveness of nirmatrelvir-ritonavir. Patient’s reluctance to consume medication
is common, as are the adverse effects of the drug. Physicians are encouraged to actively
consider prescribing nirmatrelvir-ritonavir in patients with COVID-19 and to watch out for the
adverse effects of the medication. Further follow-up studies reflecting changes in dominant
variants, with comprehensive subgroups of patients and alternative antivirals, will help guide
national policies and practical medical care.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Characteristics of the treatment and control groups before propensity score matching

Click here to view

REFERENCES

1. Owen DR, Allerton CM, Anderson AS, Aschenbrenner L, Avery M, Berritt S, et al. An oral SARS-CoV-2
Mprr inhibitor clinical candidate for the treatment of COVID-19. Science 2021;374(6575):1586-93.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.€272 10/12


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e272&fn=jkms-38-e272-s001.doc
http://www.ncbi.nlm.nih.gov/pubmed/34726479
https://doi.org/10.1126/science.abl4784

Effectiveness of Nirmatrelvir-Ritonavir in COVID-19 Patients

JKMS

https://jkms.org

10.

11.

12.

13.

14.

15.
16.

17.

18.

U.S. Food and Drug Administration. Coronavirus (COVID-19) update: FDA authorizes first oral antiviral
for treatment of COVID-19. https://www.fda.gov/news-events/press-announcements/coronavirus-covid-
19-update-fda-authorizes-first-oral-antiviral-treatment-covid-19. Updated December 22, 2021. Accessed
March 5, 2023.

Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W, et al. Oral nirmatrelvir for
high-risk, nonhospitalized adults with Covid-19. N Engl ] Med 2022;386(15):1397-408.

PUBMED | CROSSREF

Hung YP, Lee JC, Chiu CW, Lee CC, Tsai PJ, Hsu IL, et al. Oral nirmatrelvir/ritonavir therapy for COVID-19:
the dawn in the dark? Antibiotics (Basel) 2022;11(2):220.

PUBMED | CROSSREF

Korea Disease Control and Prevention Agency. Press release: COVID-19 vaccination and outbreak
situation. https://www.kdca.go.kr/board/board.es?mid=a20501010000&bid=0015&list_no=718518&cg_
code=&act=view&nPage=84. Updated February 1, 2022. Accessed February 26, 2023.

Kang SH, Kim SW, Kim AY, Cho KH, Park JW, Do JY. Association between chronic kidney disease or acute
kidney injury and clinical outcomes in COVID-19 Patients. J Korean Med Sci 2020;35(50):e434.
PUBMED | CROSSREF

Kim L, Garg S, O’Halloran A, Whitaker M, Pham H, Anderson EJ, et al. Risk factors for intensive care unit
admission and in-hospital mortality among hospitalized adults identified through the US coronavirus
disease 2019 (COVID-19)-associated hospitalization surveillance network (COVID-NET). Clin Infect Dis
2021;72(9):€206-14.

PUBMED | CROSSREF

KoJY, Danielson ML, Town M, Derado G, Greenlund KJ, Kirley PD, et al. Risk factors for coronavirus
disease 2019 (COVID-19)-associated hospitalization: COVID-19-associated hospitalization surveillance
network and behavioral risk factor surveillance system. Clin Infect Dis 2021;72(11):695-703.

PUBMED | CROSSREF

Sung HK, Kim JY, Heo J, Seo H, Jang YS, Kim H, et al. Clinical course and outcomes of 3,060 patients with
coronavirus disease 2019 in Korea, January—May 2020. ] Korean Med Sci 2020;35(30):€280.

PUBMED | CROSSREF

Thompson MG, Natarajan K, Irving SA, Rowley EA, Griggs EP, Gaglani M, et al. Effectiveness of a third
dose of mRNA vaccines against COVID-19-associated emergency department and urgent care encounters
and hospitalizations among adults during periods of delta and omicron variant predominance - VISION
Network, 10 States, August 2021-January 2022. MMWR Morb Mortal Wkly Rep 2022;71(4):139-45.

PUBMED | CROSSREF

Kuss O, Blettner M, Bérgermann J. Propensity score: an alternative method of analyzing treatment effects.
Dtsch Arztebl Int 2016;113(35-36):597-603.

PUBMED | CROSSREF

Yuan Y, Yung YF, Stokes M. Propensity score methods for causal inference with the PSMATCH procedure.
Proceedings of the SAS® Global Forum 2017 Conference, Lake Buena Vista, FL, USA. 2017; Paper
SAS332-2017. https://support.sas.com/resources/papers/proceedings17/SAS0332-2017.pdf. Updated 2017.
Accessed March 6, 2023.

Austin PC. Some methods of propensity-score matching had superior performance to others: results of
an empirical investigation and Monte Carlo simulations. Biom ] 2009;51(1):171-84.

PUBMED | CROSSREF

Kassambara A, Kosinski M, Biecek P, Fabian S. Package ‘survminer.” Drawing survival curves using
“ggplot2” (R package version 03 1). https://cran.microsoft.com/snapshot/2017-04-21/web/packages/
survminer/survminer.pdf. Updated 2017. Accessed March 5, 2023.

Therneau TM, Lumley T. Package ‘Survival’. R Top Doc 2015;128(10):28-33.

Park H, Park YJ, Lee HY, Yu M, Song Y], Lee SE, et al. The effectiveness of Paxlovid treatment in long-term
care facilities in South Korea during the outbreak of the Omicron variant of SARS-CoV-2. Osong Public
Health Res Perspect 2022;13(6):443-7.

PUBMED | CROSSREF

Arbel R, Wolff Sagy Y, Hoshen M, Battat E, Lavie G, Sergienko R, et al. Nirmatrelvir use and severe
Covid-19 outcomes during the Omicron surge. N Engl | Med 2022;387(9):790-8.

PUBMED | CROSSREF

Najjar-Debbiny R, Gronich N, Weber G, Khoury J, Amar M, Stein N, et al. Effectiveness of Paxlovid

in reducing severe coronavirus disease 2019 and mortality in high-risk patients. Clin Infect Dis
2023;76(3):e342-9.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2023.38.€272 11/12


http://www.ncbi.nlm.nih.gov/pubmed/35172054
https://doi.org/10.1056/NEJMoa2118542
http://www.ncbi.nlm.nih.gov/pubmed/35203821
https://doi.org/10.3390/antibiotics11020220
http://www.ncbi.nlm.nih.gov/pubmed/33372426
https://doi.org/10.3346/jkms.2020.35.e434
http://www.ncbi.nlm.nih.gov/pubmed/32674114
https://doi.org/10.1093/cid/ciaa1012
http://www.ncbi.nlm.nih.gov/pubmed/32945846
https://doi.org/10.1093/cid/ciaa1419
http://www.ncbi.nlm.nih.gov/pubmed/32743995
https://doi.org/10.3346/jkms.2020.35.e280
http://www.ncbi.nlm.nih.gov/pubmed/35085224
https://doi.org/10.15585/mmwr.mm7104e3
http://www.ncbi.nlm.nih.gov/pubmed/27658473
https://doi.org/10.3238/arztebl.2016.0597
http://www.ncbi.nlm.nih.gov/pubmed/19197955
https://doi.org/10.1002/bimj.200810488
http://www.ncbi.nlm.nih.gov/pubmed/36617550
https://doi.org/10.24171/j.phrp.2022.0262
http://www.ncbi.nlm.nih.gov/pubmed/36001529
https://doi.org/10.1056/NEJMoa2204919
http://www.ncbi.nlm.nih.gov/pubmed/35653428
https://doi.org/10.1093/cid/ciac443

Effectiveness of Nirmatrelvir-Ritonavir in COVID-19 Patients

JKMS

19.

20.

21.

22.

23.

24.

25.

Wong CK, Au IC, Lau KT, Lau EH, Cowling BJ, Leung GM. Real-world effectiveness of early molnupiravir
or nirmatrelvir-ritonavir in hospitalised patients with COVID-19 without supplemental oxygen
requirement on admission during Hong Kong’s omicron BA.2 wave: a retrospective cohort study. Lancet
Infect Dis 2022;22(12):1681-93.

PUBMED | CROSSREF

Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, Klein SL. Impact of sex and gender on
COVID-19 outcomes in Europe. Biol Sex Differ 2020;11(1):29.

PUBMED | CROSSREF

Pérez-Lopez FR, Tajada M, Savirdon-Cornudella R, Sanchez-Prieto M, Chedraui P, Teran E. Coronavirus
disease 2019 and gender-related mortality in European countries: a meta-analysis. Maturitas 2020;141:59-62.
PUBMED | CROSSREF

Bienvenu LA, Noonan J, Wang X, Peter K. Higher mortality of COVID-19 in males: sex differences in
immune response and cardiovascular comorbidities. Cardiovasc Res 2020;116(14):2197-206.

PUBMED | CROSSREF

Tartof SY, Slezak JM, Puzniak L, Hong V, Xie F, Ackerson BK, et al. Durability of BNT162b2 vaccine against
hospital and emergency department admissions due to the omicron and delta variants in a large health
system in the USA: a test-negative case-control study. Lancet Respir Med 2022;10(7):689-99.

PUBMED | CROSSREF

Korea Disease Control and Prevention Agency. Press release. https://www.kdca.go.kr/board/board.
es?mid=a20501010000&bid=0015&list_no=720451&cg_code=&act=view&nPage=37. Updated August 16,
2022. Accessed February 26, 2023.

ParkJJ, Lee ], Seo YB, Na SH. Nirmatrelvir/ritonavir prescription rate and outcomes in coronavirus disease
2019: a single center study. Infect Chemother 2022;54(4):757-64.
PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2023.38.€272 12/12


http://www.ncbi.nlm.nih.gov/pubmed/36029795
https://doi.org/10.1016/S1473-3099(22)00507-2
http://www.ncbi.nlm.nih.gov/pubmed/32450906
https://doi.org/10.1186/s13293-020-00304-9
http://www.ncbi.nlm.nih.gov/pubmed/33036704
https://doi.org/10.1016/j.maturitas.2020.06.017
http://www.ncbi.nlm.nih.gov/pubmed/33063089
https://doi.org/10.1093/cvr/cvaa284
http://www.ncbi.nlm.nih.gov/pubmed/35468336
https://doi.org/10.1016/S2213-2600(22)00101-1
http://www.ncbi.nlm.nih.gov/pubmed/36450290
https://doi.org/10.3947/ic.2022.0123

	Real-World Effectiveness of Nirmatrelvir-Ritonavir and Its Acceptability in High-Risk COVID-19 Patients
	INTRODUCTION
	METHODS
	Data collection and study outcomes
	Statistical analysis
	Ethics statement

	RESULTS
	Primary outcome: oxygen support-free survival
	Composite outcomes for the progression to severe disease or mortality
	Acceptability and interruption of nirmatrelvir-ritonavir

	DISCUSSION
	SUPPLEMENTARY MATERIAL
	Supplementary Table 1

	REFERENCES


