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Objective: The efficacy of nirmatrelvir-ritonavir for hospitalized patients with COVID-19 has not been fully established.
Methods: We conducted a retrospective analysis of hospitalized COVID-19 patients with high risk for disease progression at Beijing
Chaoyang Hospital from October 15, 2022, to March 31, 2023. Patients >18 years old who were hospitalized with COVID-19 within 5
days of symptom onset were included. Baseline data were obtained from the routine electronic health record database of the hospital
information system. Outcomes were monitored at 28 days via electronic medical record reviews or telephone interviews.

Results: We identified 1120 patients hospitalized with COVID-19 during the study period. After exclusions, 167 nirmatrelvir—
ritonavir users and 132 controls were included. 28-day all-cause mortality rate was 12.0% (20/167) in the nirmatrelvir—ritonavir group,
versus 22.7% (30/132) in the control group (unadjusted log-rank p = 0.010; HR = 0.49, 95% confidence interval [CI] = 0.28-0.86,
IPTW-adjusted HR = 0.58, 95% CI = 0.40-0.86). The 28-day disease progression rates did not differ between the two groups
(unadjusted HR = 0.59, 95% CI = 0.34-1.02, IPTW-adjusted HR = 0.73, 95% CI = 0.50-1.06). Nirmatrelvir-ritonavir significantly
reduced all-cause mortality and disease progression within 28 days among patients aged >65 years without >2 vaccine doses.
Conclusion: We found significantly reduced all-cause mortality in the nirmatrelvir—ritonavir group, particularly in elderly patients
who were incompletely vaccinated. Future randomized controlled studies are needed to validate our findings.
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Introduction
In December 2022, China experienced a surge of infections by the SARS-CoV-2 Omicron variant, resulting in
a substantial strain on the healthcare system.'” In response, the medical community has actively sought to identify
effective treatments to mitigate the morbidity and mortality of this infection. Nirmatrelvir—ritonavir (Paxlovid), an oral
antiviral drug, has displayed significant benefits in non-hospitalized patients with COVID-19.* Emergency use author-
ization was granted for nirmatrelvir-ritonavir in the treatment of non-hospitalized patients with COVID-19 by the US
Food and Drug Administration in December 2021.*

However, guidelines from the World Health Organization and US National Institutes of Health currently recommend
nirmatrelvir—ritonavir only for non-hospitalized patients at high risk of hospitalization.”® The efficacy of nirmatrelvir—
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ritonavir for hospitalized patients with COVID-19, who might experience rapid disease progression and require more
supportive care, has not been established. Previous clinical evidence indicated favorable outcomes for nirmatrelvir—
ritonavir in hospitalized patients with COVID-19, including reductions in all-cause mortality, disease progression,”* and
the need for oxygen therapy in patients without supplemental oxygen.® However, these studies provided limited
information regarding oxygen support, making it challenging to ascertain the drug’s efficacy in different disease stages.

Furthermore, the potential benefits of nirmatrelvir-ritonavir in specific populations warrant further exploration.
Previous studies found that older non-hospitalized adults with COVID-19 might derive more significant benefits from
nirmatrelvir—ritonavir than younger individuals,’ but the applicability of these findings to hospitalized patients remains
uncertain. Additionally, the influence of vaccination on the drug’s efficacy remains unclear. Although an earlier study
acknowledged that both antivirals and vaccination were independently associated with reduced risks of severe COVID-
19 in outpatient settings,'® a study involving hospitalized patients with COVID-19 suggested that nirmatrelvir—ritonavir
was effective regardless of vaccination status.” Thus, additional evidence regarding patients of different ages and
immunity situations is required.

To address these knowledge gaps, this retrospective cohort study evaluated the effectiveness of nirmatrelvir—ritonavir
in hospitalized patients with COVID-19.

Methods

Study Design

This single-center, retrospective cohort study involved hospitalized adults with COVID-19 who visited Beijing Chaoyang
Hospital between October 15, 2022 and March 31, 2023. For this retrospective study, the institutional review board of
Beijing Chaoyang Hospital, Capital Medical University granted an exemption from requiring informed consent.
However, for patients who were followed up during the course of the study, verbal informed consent was obtained.
This procedure was approved by the ethics committee and is in compliance with the Declaration of Helsinki. The study is
registered at www.clinicaltrials.gov (NCT05792865).

Data Source and Eligibility Criteria

Baseline characteristics, including demographic characteristics, the dates of hospital and intensive care unit (ICU)
admission, the date of registered death, diagnoses, prescriptions, procedures, and laboratory tests, were obtained from
the routine electronic health record database of the hospital information system. The vaccination status and missing data
such as BMI were collected via telephone. Additional concomitant treatments initiated within 24 h of admission
including respiratory support and other drug use were allowed and collected as baseline characteristics.

Patients at least 18 years old who were hospitalized with COVID-19 (defined as a diagnosis of COVID-19 upon
hospital admission or a positive PT-PCR or rapid antigen test for SARS-CoV-2 infection on the date of admission) with
high risk for disease progression within 5 days of symptoms onset were eligible. The index date was defined as the date
of hospital admission. The exclusion criteria were as follows: 1) receipt of any antiviral drugs before the index date; 2)
transfer from another hospital or any community setting; 3) death in the first 24 h of admission; and 4) diagnosis of
severe liver impairment (cirrhosis, hepatocellular carcinoma) or renal impairment (estimated glomerular filtration rate <
30 mL/min/1.73 m?, dialysis); 5) without high-risk factors for disease progression.

Treatment Strategies and Follow-Up

Patients who received nirmatrelvir—ritonavir within 5 days of symptom onset were included in the treatment group.
Concomitant treatments such as antibiotics and corticosteroids were recorded for covariate adjustments. Hospitalized
patients who did not receive nirmatrelvir—ritonavir during the study period were included in the control group. Patients
were followed up at 28 days via electronic medical record reviews or telephone interviews. In cases in which patients
were unable to complete the telephone follow-up, the follow-up date was the date of discharge. The last follow-up date
was April 30, 2023.
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Outcomes
The primary outcome was 28-day all-cause mortality. The secondary outcomes included a composite of 28-day disease
progression including invasive mechanical ventilation, ICU admission, and death, as well as their individual outcomes,
cardiovascular thromboembolism events, hospital re-admission, and re-infection with SARS-CoV-2 within 28 days after
the index date.

Quality Control

The accuracy and completeness of the data and clinical events in the project were ensured through the implementation of
quality control strategies. All researchers involved in the study underwent comprehensive training prior to the project’s
launch. This training aimed to familiarize the researchers with standardized procedures for data collection, follow-up, and
outcome determination. Two researchers (YZ and XW) carefully examined the outliers in the original data to verify their
accuracy and address any potential issues. Any discrepancies or inconsistencies discovered during these inspections were
promptly addressed by the research team to maintain the overall quality of the data.

Statistical Analysis

Baseline demographic and clinical data are reported as the mean (standardized difference) or frequency (percentage) and
compared using the chi-squared test or Student’s f-test, as appropriate. Hazard ratios (HRs) with 95% confidence
intervals (Cls) for each outcome between the nirmatrelvir—ritonavir and control groups were estimated using Cox
regression models. The mortality and disease progression probabilities were plotted using Kaplan—-Meier curves and
evaluated using the Log rank test. An inverse probability of treatment weighting (IPTW)-adjusted Cox regression model
was created to adjust for potential confounding factors. Propensity scores were estimated by logistic regression according
to baseline covariates. The weight of the nirmatrelvir-ritonavir group was the inverse of (1 — propensity score), and the
weight of the control group was the inverse of the propensity score. Covariates used in the IPTW model were selected
using all baseline characteristics. The prescription time of nirmatrelvir-ritonavir from symptom onset was modeled as
a time-dependent variable. Standardized differences were used to assess the differences between the two groups before
and after IPTW adjustment. A standardized difference value of <0.10 indicated good balance between the two groups.

Sensitivity analysis was conducted in three ways: 1) using the multivariate Cox regression model for all outcomes; 2)
using multivariate Cox regression and IPTW-adjusted Cox regression after multiple imputations for all outcomes; and 3)
including events within 24 h after admission for all outcomes.

Subgroup analyses were performed for the major outcome regarding all baseline characteristics using both the crude
and IPTW-adjusted models. Additionally, we performed subgroup analyses comparing all-cause mortality and disease
progression within 28 days in patients aged >65 years who did not receive >2 vaccine doses and in those aged <65 or >65
years who received >2 vaccine doses.

Statistical analysis was performed using Stata version 16.0 and GraphPad Prism version 9.5. A two-sided p-value of
0.05 was used to identify statistically significant differences.

Results

In total, 1120 hospitalized patients with COVID-19 were identified. After applying the exclusion criteria, 167 nirma-
trelvir—ritonavir users and 132 controls were included in the cohort (Figure 1). The baseline characteristics of the
included and excluded cohorts are presented shown in Table S1. The average duration of hospitalization was 22.97 + 8.80
days. The mean patient age in the nirmatrelvir-ritonavir group (39.5% women) was 67.92 + 17.32 years, versus 67.84 +
19.60 years (31.8% women) in the control group (Table S2). Meanwhile, 96.4% and 98.5% of patients in the
nirmatrelvir—ritonavir and control groups were Han Chinese, respectively. Concerning the vaccination status, the
proportions of patients who received <I, 2, and >3 doses were 44.4%, 10.3%, and 46.5%, respectively, in the
nirmatrelvir—ritonavir group and 48.5%, 12.8%, and 38.4%, respectively, in the control group. All patients were
immunized with inactivated COVID-19 vaccines (Sinopharm or Sinovac). In total, 75.45% and 75.76% of patients in
the nirmatrelvir—ritonavir and control groups received oxygen support, respectively. ICU admission and invasive

Infection and Drug Resistance 2024:17 heeps: 1369

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=445826.docx
https://www.dovepress.com/get_supplementary_file.php?f=445826.docx
https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

Patients aged 218 y hospitalized with COVID-19
from 15 November 2022 to 30 March 2023
(n=1120)

Ineligible (n=821)

With COVID-19 symptom onset more than 5 days before hospital
admission (n=781)

Used Nirmatrelvir/ritonavir or other antiviral drugs prior to

| hospitalization(n=11)

Transfer from another hospital or any community setting (n=1)
Died within 24h of admission (n=9)

With severe liver impairment or renal impairment (n=11)

No high risk factors for severe COVID-19 (n=8)

! '

Nirmatrelvir/ritonavir

Control group

(r?:‘é‘;) (n=132)

Figure | Flowchart for selection of study population.

mechanical ventilation within 24 h of admission were required in 16 (9.6%) and 6 (3.6%) patients, respectively, in the
nirmatrelvir—ritonavir group, versus two (1.5%) and one (0.8%) patient, respectively, in the control group. Concomitant
medication including dexamethasone (13.8% vs 4.6%), other systemic steroids (22.8% vs 23.5%), antibiotics (37.1% vs
41.7%), baricitinib (0.6% vs 1.5%), and tocilizumab (0.6% vs 0.0%) were used at similar rates in the two groups. After
IPTW adjustment, the nirmatrelvir—ritonavir and control groups were well balanced with a standardized difference of
0.06 or smaller (Table 1).

The 28-day all-cause mortality rates were 12.0% (20/167) in the nirmatrelvir—ritonavir group and 22.7% (30/132) in
the control group (Table 2). Nirmatrelvir users had significantly lower rates of all-cause mortality within 7 days
(unadjusted HR = 0.34, 95% CI = 0.15-0.79, IPTW-adjusted HR = 0.43, 95% CI = 0.24-0.76), 14 days (unadjusted
HR = 0.50, 95% CI = 0.26-0.93, IPTW-adjusted HR = 0.63, 95% CI = 0.41-0.98), and 28 days (unadjusted log-rank p =
0.010, HR = 0.49, 95% CI = 0.28-0.86, IPTW-adjusted HR = 0.58, 95% CI = 0.40-0.86; Figures 2-3). Sensitivity
analysis revealed similar positive effects of nirmatrelvir-ritonavir on all-cause mortality (Tables S3-5).

Table | Baseline Characteristics Before and After the Inverse Probability Weighting of Propensity Scores

Characteristic Unweighted Study Population IPT-Weighted Study Population
Nirmatrelvir- Control Standardize Nirmatrelvir- Control Standardize
Ritonavir (n=167) (n=132) Diff. Ritonavir (n=167) (n=132) Diff.
Age, years 67.92 £ 17.32 67.84 £ 19.60 0.00 6742 £ 17.13 68.35 + 19.55 0.05
>65 65.9 62.9 0.06 62.06 61.24 0.02
Female sex 395 31.8 0.16 364 34.1 0.05
Han 96.4 98.5 0.13 97.0 97.6 0.04
Adequate health insurance 85.6 82.6 0.08 85.4 84.7 0.02
Vaccination status, doses
<I 44.4 48.5 0.10 46.8 45.5 0.03
2 10.3 12.8 0.08 10.3 10.5 0.0l
23 46.5 384 0.13 42.8 44.0 0.02
(Continued)
1370 https: Infection and Drug Resistance 2024:17

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=445826.docx
https://www.dovepress.com/get_supplementary_file.php?f=445826.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang et al

Table | (Continued).

Characteristic Unweighted Study Population IPT-Weighted Study Population
Nirmatrelvir- Control Standardize Nirmatrelvir- Control Standardize
Ritonavir (n=167) (n=132) Diff. Ritonavir (n=167) (n=132) Diff.
Duration of symptoms to 255+ 1.74 273 £ 1.50 0.11 271 £ 1.74 261 £ 149 0.06
hospitalization, days
BMI=30, kg/m? 54 9.9 0.17 6.7 6.6 0.00
Hypertension 383 45.5 0.14 435 45.6 0.04
Diabetes 222 227 0.01 23.1 24.1 0.03
Chronic lung diseases 24.0 333 0.21 30.5 31.0 0.01
Cardiovascular disease 25.2 41.7 0.36 33.6 36.2 0.06
Cerebrovascular disease 13.8 21.2 0.20 16.4 18.5 0.06
Chronic kidney disease 15.6 17.4 0.05 19.6 18.5 0.03
Chronic liver disease 9.6 13.6 0.13 10.5 1.2 0.02
Neurological diseases 1.8 4.6 0.16 32 3.1 0.01
Oncology 12.0 7.6 0.15 9.4 87 0.02
Immunosuppression 15.6 83 0.22 1.7 9.7 0.07
Oxygen support 755 758 0.0l 749 74.6 0.0l
Invasive mechanical ventilation 3.6 0.8 0.20 2.4 0.8 0.12
ICU admission 9.6 1.5 0.36 59 34 0.12
Glucocorticoid use 353 27.3 0.17 33.0 313 0.04
Antibiotics 37.1 41.7 0.09 396 385 0.02
Baricitinib 0.6 1.5 0.09 0.8 1.1 0.03
Tocilizumab 0.6 0.0 0.11 0.4 0.0 0.09
Remdesivir 0.0 0.0 - - - -

Abbreviations: |[PT-weighted, inverse probability of treatment weighted; BMI, body mass index; ICU, intensive center unit.

Table 2 Outcomes of Hospitalized COVID-19 Nirmatrelvir-Ritonavir Compared to Control Group

outcomes Nirmatrelvir-Ritonavir | Control | P value Unadjusted IPTW-Adjusted Cox Model
n(%) n(%) HR (95% CI) HR (95% CI)
All-cause mortality within 28 days 20 (12.0) 30 (22.7) 0.013 0.49 (0.28, 0.86) 0.58 (0.40, 0.86)
All-cause mortality within 7 days 8 (4.8) 18 (13.6) 0.007 0.34 (0.15, 0.79) 0.43 (0.24, 0.76)
All-cause mortality within 14 days 16 (9.6) 24 (18.2) 0.030 0.50 (0.26, 0.93) 0.63 (0.41, 0.98)
*Disease progression 22 (14.7) 30 (23.3) 0.043 0.59 (0.34, 1.02) 0.73 (0.50, 1.06)
(invasive mechanical ventilation, ICU admission, death)
*Invasive mechanical ventilation 4 (2.7) 2 (1.6) 0.507 1.56 (0.29, 8.53) 1.58 (0.48, 5.23)
*ICU Admission 2 (1.3) 1 (0.8) 0.705 1.61 (0.15, 17.73) 2.54 (0.55, 11.75)
Cardiovascular thromboembolic events 2 (1.2) 0 (0.0) 0.207 - -
Readmission 7(4.2) 8 (6.1) 0.462 0.56 (0.20, 1.56) 0.78 (0.37, 1.63)
Re-infection with COVID-19 1 (0.6) 0 (0.0) 0.073 - -

Notes: *25 patients admitted to the ICU or receiving invasive tracheal intubation within 24 h of admission were excluded.
Abbreviations: IPTVV, inverse probability of treatment weighting; HR, hazard ratio; Cl, confidence interval; ICU, intensive center unit.

Meanwhile, 22 (12.0%) and 30 (22.7%) patients in the nirmatrelvir—ritonavir and control groups experienced disease
progression, respectively (Table 2). The 28-day disease progression rate did not differ between the groups (unadjusted
HR = 0.59, 95% CI = 0.34-1.02, IPTW-adjusted HR = 0.73, 95% CI = 0.50-1.06). Similarly, the rates of invasive
mechanical ventilation (unadjusted HR = 1.56, 95% CI = 0.29-8.53, IPTW-adjusted HR = 1.58, 95% CI = 0.48-5.23)
and ICU admission (unadjusted HR = 1.61, 95% CI = 0.15-17.73, IPTW-adjusted HR = 2.54, 95% CI = 0.55-11.75)
were comparable between the two groups.

The rates of cardiovascular thromboembolic events, re-admission, and re-infection did not differ between the groups (Table 2).
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Figure 3 28-day cumulative incidence of the disease progression outcome consisted of all-cause mortality, initiation of invasive mechanical ventilation, intensive care unit
admission.

In subgroup analyses of all-cause mortality and disease progression within 28 days, we found mostly similar results to
the primary analysis (Figure 4, Tables S6-S7). Patents who received fewer vaccine doses tended to benefit from
nirmatrelvir—ritonavir. Meanwhile, significant differences in outcomes were observed in the chronic liver disease and
neurological disease subgroups.

A significant subgroup difference in all-cause mortality was found between patients aged >65 years without >2
vaccine doses (17.3% vs 44.2%, IPTW-adjusted HR = 0.34, 95% CI = 0.20-0.59) and those aged <65 or >65 years with
>2 vaccine doses (8.2% vs 8.7%, IPTW-adjusted HR = 1.34, 95% CI = 0.72-2.49, p for trend < 0.001, Table 3).
Nirmatrelvir-ritonavir significantly reduced all-cause mortality and disease progression within 28 days in patients aged
>65 years without >2 vaccine doses. Also, we found similar result in the subgroup analysis regarding vaccination and
immunity status, showing significantly reduced all-cause mortality and disease progression rate in patients with weak

immunity status (Table S8).

Discussion
This study evaluated the real-world efficacy of nirmatrelvir—ritonavir in hospitalized patients with COVID-19 during the
outbreak of the Omicron variant in Beijing, China from December 2022 to March 2023. Within this cohort of
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Nirmatrelvir- Nirmatrelvir-

Variable ritonavir Ehamr ritonavir CONtro! Crude :“°"°'
events % events % better better HR (95%c1)
Sex .
male 16 15.8 20 222 — 0.66 (0.34, 1.27)
female 4 6.1 10 238 —— . 0.24 (0.08, 0.77)
Age, years
<65 4 6.3 0 0.0 -
265 16 155 30 375 _— 0.36 (0.20, 0.66)
Ethnicity
Han 19 1.8 29 223 — 0.49 (0.27, 0.87)
Minority 1 16.7 1 50.0 ° 0.37 (0.02, 5.85)
BMI
<30 18 116 26 220 —_—— 0.49 (0.27, 0.90)
>30 1 125 3 231 ° 0.46 (0.05, 4.48)
Vaccination status, doses
<1 1" 16.4 23 37.7 — 0.40 (0.19, 0.82)
2 3 188 4 25.0 - 0.63 (0.14, 2.80)
23 4 56 2 42 ° 1.30 (0.24, 7.09)
Hypertension
Yes 10 156 17 28.3 ® + 0.50 (0.23, 1.09)
No 10 97 13 18.1 _— 0.51 (0.22, 1.17)
Diabetes :
Yes 6 16.2 10 333 — — 0.45 (0.16, 1.23)
No 14 108 20 19.6 —— 0.51 (0.26, 1.01)
Chronic Lung Diseases :
Yes 9 225 18 40.9 —0— 0.49 (0.22, 1.09)
No 1" 8.7 12 13.6 —_— 0.60 (0.27, 1.36)
Cardiovascular disease
Yes 8 19.1 18 327 —_———— 0.54 (0.23, 1.24)
No 12 96 12 15.6 —0— 0.58 (0.26, 1.28)
Cerebrovascular disease :
Yes 7 304 1 393 - 0.77 (0.30, 1.99)
No 13 90 19 18.3 —_— 0.46 (0.23, 0.92)
Chronic kidney disease
Yes 6 231 8 348 - 0.63 (0.22, 1.83)
No 14 99 22 20.2 —_— 0.45 (0.23, 0.89)
Chronic liver disease
Yes 5 313 1 56 6.42 (0.75, 55.02)
No 15 99 29 254 —— 0.35 (0.19, 0.65)
Neurological diseases
Yes 3 100.0 2 33.3 4.92 (0.81, 30.02)
No 17 104 28 222 — : 0.43 (0.23, 0.78)
Immunosuppression ;
Yes 2 4 4 1 9.1 - 0.93 (0.08, 10.30)
No 18 128 29 240 — 0.48 (0.27, 0.87)
Oxygen support
Yes 19 151 29 29.0 — 0.47 (0.26, 0.84)
No 1 24 1 3.1 - 0.77 (0.05, 12.34)
Glucocorticoid use :
Yes 12 203 16 44 4 _— 0.39 (0.18, 0.83)
No 8 74 14 14.6 _ 0.47 (0.20, 1.12)
Antibiotics :
Yes 10 16.1 13 236 T 0.64 (0.28, 1.47)
No 10 95 17 221 — | 0.39 (0.18, 0.85)
| I I |
05 1 1.5 2

Figure 4 Subgroup analyses of all-cause mortality within 28 days for hospitalized COVID-19 nirmatrelvir-ritonavir versus control group.

hospitalized patients, 75.6% of whom required supplemental oxygen, our analysis demonstrated that nirmatrelvir—

ritonavir significantly reduced all-cause mortality rates in patients with COVID-19, but it did not significantly decrease

the rate of disease progression. Furthermore, our results demonstrated the efficacy of nirmatrelvir—ritonavir in elderly
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Table 3 Hazard Ratios of Outcomes for Hospitalized COVID-19 According to Vaccination Status and Age

Outcomes >65 Yr. Without Full vaccination <65 Yr, or 265 Yr. with Full Vaccination P for
Trend
Nirmatrelvir- Control IPTW- Nirmatrelvir- Control IPTW-
Ritonavir Adjusted Ritonavir Adjusted
Model HR Model HR
(95% CI) (95% CI)
Events (%) Events (%) n=103 Events (%) Events (%) n=175
All-cause mortality within 28 days 9 (17.3) 23 (44.2) 0.34 (0.20, 0.59) 6(8.2) 9 (8.7) 1.34 (0.72, 2.49) | <0.001
Disease progression (invasive mechanical ventilation, 11 (21.2) 23 (44.2) 0.44 (0.27, 0.72) 10 (9.7) 7 (9.6) 1.26 (0.70, 2.25) 0.006
ICU admission, death) within 28 days

Abbreviations: IPTVW, inverse probability of treatment weighting; HR, hazard ratio; Cl, confidence interval; ICU, intensive center unit.

patients who were incompletely vaccinated but not in completely vaccinated patients or in those younger than 65 years.
These findings provide additional evidence for the use of nirmatrelvir—ritonavir in hospitalized patients with COVID-19.

Currently, there is insufficient evidence to support the efficacy of the oral antiviral nirmatrelvir—ritonavir in the
treatment of hospitalized patients with COVID-19 within 5 days of symptom onset. Two large observational studies
involving Hong Kong-based cohorts provided evidence for the effectiveness of nirmatrelvir—ritonavir in hospitalized
patients. Wong et al® found that nirmatrelvir—ritonavir significantly reduced the 30-day mortality rate (event rate: 3.6% in
the nirmatrelvir—ritonavir group vs 10.3% in the control group, HR = 0.34, 95% CI = 0.23-0.50) among hospitalized
patients infected with the Omicron variant who did not require oxygen supplementation. More recently, Wan et al’
conducted a study of hospitalized patients diagnosed with COVID-19 enrolled within 5 days of symptom onset and
showed that nirmatrelvir—ritonavir reduced the 28-day mortality rate (cumulative event rate: 7.9% in the nirmatrelvir—
ritonavir group vs 10.3% in the non-use group, HR = 0.77, 95% CI = 0.66-0.90). However, the latter study did not
provide the proportion of patients who required oxygen supplementation, a key indicator of disease progression.
Therefore, the efficacy of nirmatrelvir—ritonavir in hospitalized patients remains unclear. Nevertheless, numerous studies,
including the EPIC-HR trial, previously confirmed the efficacy of nirmatrelvir-ritonavir in patients with COVID-19 who
do not require oxygen supplementation.®-'"*'> With the recent termination of the EPIC-HOS study evaluating the use of
nirmatrelvir—ritonavir in hospitalized patients with severe COVID-19 because of limitations in its feasibility,'* the
importance of the results of this study is heightened. This study confirmed that nirmatrelvir—ritonavir can reduce the 28-
day mortality rate among this cohort of hospitalized patients with COVID-19 during the Omicron outbreak, most of
whom received oxygen support within 24 h of admission. The cumulative event rate for the nirmatrelvir—ritonavir group
was 11.98%, compared with 22.73% for the control group (HR = 0.58, 95% CI = 0.40-0.86). These results provide
a critical supplement to the current evidence base for the use of nirmatrelvir—ritonavir in hospitalized patients with
COVID-19 whose symptoms appeared within 5 days of admission.

As of March 2023, China has administered an estimated 3.5 billion doses of inactivated SARS-CoV-2 vaccines.'*
Within our study cohort, 57% of patients had received at least two doses of the SARS-CoV-2 vaccine, surpassing
previous investigations. Previous studies involving mRNA vaccines showed their positive and independent effect than
antivirals on reducing viral shedding time in high-risk COVID-19 patients.'>'® The effect of vaccination is reportedly
relevant for high-risk patients, but less for low-risk immune-competent patients affected by mild or asymptomatic
diseases.!”'® Remarkably, we observed a positive correlation between the reduction in vaccine dosages and the enhanced
therapeutic benefits of nirmatrelvir—ritonavir in hospitalized patients. Earlier research conducted in Hong Kong'® and
Shanghai®® demonstrated that individuals who received the inactivated vaccine CoronaVac prior to infection exhibited
expedited viral clearance and reduced risks of severe COVID-19. Additionally, a positive dose—response relationship was
identified, highlighting the potential of the vaccine dosage to optimize clinical outcomes.*' Therefore, further research is
warranted to ascertain whether nirmatrelvir—ritonavir can confer noteworthy clinical benefits to fully vaccinated
hospitalized patients with COVID-19.

The impact of age on the clinical efficacy of nirmatrelvir—ritonavir has been a topic of previous studies focusing on
non-hospitalized patients. Investigations conducted in Israel and Hong Kong®® demonstrated a notable reduction in
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hospitalization and COVID-19—related mortality rates among individuals aged 65 years or older who received nirma-
trelvir—ritonavir compared with their counterparts who did not receive nirmatrelvir—ritonavir. Conversely, there was no
statistically significant decrease in the risk of hospitalization or mortality among individuals younger than 65 years.
A stratified analysis of the Israeli population’ evaluating the efficacy of nirmatrelvir-ritonavir revealed a higher
hospitalization rate (8%) in the subgroup lacking prior SARS-CoV-2 immunity, particularly among elderly patients,
than in the subgroup with prior immunity (1%). Based on our investigation, which included a stratified analysis
considering the patient vaccination status and age, our findings demonstrated a significant reduction in mortality and
composite disease progression rates among elderly individuals with suboptimal vaccine dosing who received nirma-
trelvir—ritonavir compared with that in the untreated cohort. However, this effect was not statistically significant among
individuals younger than 65 years or among those who had received at least two vaccine doses. Hence, vaccination
should be prioritized over antivirals in high-risk patients, also from the cost-effective perspective, the risk of developing
anti-viral resistance in case of widespread use of antivirals, as well as its potential effect on reduction of risk of post-
COVID-19 sequelae.?*

This study revealed some interesting findings. First, the effectiveness of nirmatrelvir—ritonavir was not ideal in
patients with mild-to-moderate liver dysfunction. Prior research confirmed that liver impairment is an independent risk
factor for poor prognosis in COVID-19 patients.”* Although studies have suggested that nirmatrelvir—ritonavir causes
less liver damage,®® there is currently insufficient evidence regarding its benefits in patients with liver dysfunction.
Additionally, whether the adverse effects caused by ritonavir through the inhibition of liver enzymes are amplified in
patients with liver dysfunction also warrants investigation. Furthermore, our analysis revealed a lack of significant effects
of nirmatrelvir-ritonavir among patients with neurological disease. It is noteworthy that previous studies reported a direct
correlation between neurological disease and mortality in patients with COVID-19. Although the limited sample size in
our study could affect the stability of conclusions drawn from stratified analyses, we recommend focusing on the effects
of nirmatrelvir-ritonavir in patients with liver dysfunction or neurological disease in clinical practice while eagerly
awaiting further validation of our findings through subsequent research.

Our study had several strengths. First, few patients received baricitinib or tocilizumab, and none received remdesivir,
thereby naturally shielding our study from these confounding treatment effects. This unique attribute enables a more
direct evaluation of the effectiveness of nirmatrelvir—ritonavir in hospitalized patients with early-stage COVID-19, a key
strength lacking in prior studies.” Additionally, to mitigate the impact of confounding factors, we carefully considered
potential confounders and employed propensity score inverse probability weighting to balance confounding variables
while conducting extensive sensitivity analyses.

We must acknowledge several limitations in our study. First, as a retrospective observational study, our sample size
was not large, and some secondary outcomes and stratified analyses could have been susceptible to instability because of
sample size limitations. Our results is also influenced by the type of vaccine used in this population (Sinovac or
Sinopharm), with a different efficacy from other vaccines widely administered in other countries, especially Europe
and North America. Second, the potential for higher comorbidity severity in the control group due to the numerous drug
interactions of nirmatrelvir—ritonavir, which might necessitate the continuation of contraindicated medications and could
lead to increased mortality. In addition, we acknowledge the critical distinction between deaths directly attributable to
COVID-19 and those where COVID-19 may have been incidental. Furthermore, some of the data on the vaccination
status and post-hospitalization outcomes were obtained through follow-up, which could be subject to recall bias, despite
the implemented rigorous quality control procedures. Lastly, it is possible that some cases included in this study were
underdiagnosed because of limited medical resources. For example, some patients might have been unable to receive
ICU admission because of bed shortages or a refusal to undergo invasive mechanical ventilation. These factors could
have resulted in an incomplete representation of disease progression outcomes among patients in this study. Further
validation is needed to generalize our findings in randomized controlled trials.

Conclusion
In conclusion, this retrospective cohort study evaluated the effectiveness of nirmatrelvir—ritonavir in hospitalized patients
with COVID-19, of which approximately three-quarters required oxygen therapy. We found significantly reduced all-
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cause mortality in the nirmatrelvir—ritonavir group, particularly in elderly patients who were incompletely vaccinated.
There was no significant impact on the incidence of disease progression events. These findings support the potential use
of nirmatrelvir—ritonavir for antiviral treatment in hospitalized patients with COVID-19 during the early stages of
infection. Future randomized controlled studies are needed to validate our findings.
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