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ABSTRACT ARTICLE HISTORY

Background: The effectiveness of nirmatrelvir-ritonavir has mainly been shown in non-hospitalized
patients with mild-to-moderate coronavirus disease 2019 (COVID-19). The real-world effectiveness
of nirmatrelvir-ritonavir urgently needs to be determined using representative in-hospital patients
with COVID-19 during the Omicron wave of the pandemic.

Methods: We performed a multicentre, retrospective study in five Chinese PLA General Hospital
medical centers in Beijing, China. Patients hospitalized with COVID-19 from 10 December 2022 to
20 February 2023 were eligible for inclusion. A 1:1 propensity score matching was performed
between the nirmatrelvir-ritonavir group and the control group.

Results: 1010 recipients of nirmatrelvir-ritonavir and 1010 matched controls were finally analyzed
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after matching. Compared with matched controls, the nirmatrelvir-ritonavir group had a lower treatment; all-cause death

incidence rate of all-cause death (4.6/1000 vs. 6.3/1000 person-days, p=0.013) and a higher
incidence rate of clinical improvement (47.6/1000 vs. 45.8/1000 person-days, p=0.012).
Nirmatrelvir-ritonavir was associated with a 22% lower all-cause mortality and a 14% higher
incidence of clinical improvement. Initiation of nirmatrelvir-ritonavir within 5days after symptom
onset was associated with a 50% lower mortality and a 26% higher clinical improvement rate. By
contrast, no significant associations were identified among patients receiving nirmatrelvir-ritonavir
treatment more than 5days after symptom onset. Nirmatrelvir-ritonavir was also associated with
a 50% increase in survival days and a 12% decrease in days to clinical improvement.
Conclusion: Among hospitalized patients with COVID-19 during the Omicron wave in Beijing,
China, the early initiation of nirmatrelvir-ritonavir was associated with clinical benefits of lowering
mortality and improving clinical recovery.
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Introduction

Since the beginning of the coronavirus disease 2019
(COVID-19) pandemic, the optimal antiviral treatment
for reducing mortality of COVID-19 has been a hot
research topic. Evidence from randomized controlled
trial showed that nirmatrelvir-ritonavir within 5days
after symptom onset reduced COVID-19-related hospi-
talization or death in nonhospitalized, unvaccinated,
high-risk patients [1]. Cohort studies have also shown
consistent benefits of nirmatrelvir-ritonavir in different
types of non-hospitalized patients [2-7]. Therefore,
according to the guidelines provided by the World
Health Organization (WHO), nirmatrelvir-ritonavir is
highly recommended for non-severe COVID-19 patients
who are at high risk. [8].

Current studies rarely include patients hospitalized
with COVID-19 for more than 5days after symptom
onset or required intensive respiratory support, due to
considering the recommended indications indications
of nirmatrelvir-ritonavir [9,10]. During the onset of the
Omicron variant outbreak in China at the end of 2022,
nirmatrelvir-ritonavir was widely used in hospitalized
COVID-19 patients [11,12]. It was common to observe
the use of nirmatrelvir-ritonavir beyond its recom-
mended guidelines among hospitalized patients,
including those who initiated treatment beyond the
5-day window after symptom onset and patients with
severe COVID-19. Whether this empirical, off-label
treatment of nirmatrelvir-ritonavir treatment is still
unclear. Therefore, this retrospective cohort study
aimed to examine the real-world effectiveness of
nirmatrelvir-ritonavir in hospitalized patients with
COVID-19, with additional interest in the clinical bene-
fits among patients admitted for more than 5days
after symptom onset.

Methods
Study design and patients

This retrospective cohort study was conducted at five
tertiary hospitals under the Chinese PLA General
Hospital Group(First, Fourth, Fifth, Sixth, and Eighth
medical centers), which comprise a large medicine sys-
tem located in different districts of Beijing, China.
During the study period, the predominant variants in
Beijing were Omicron BF.7 and BA.5.2 [13]. The Ethics
Committee of PLA General Hospital approved all data
analyses and exempted informed consent require-
ments because of the minimal risk of this retrospective
cohort study (number: 309202302230712). This study
followed the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE)
reporting guideline [14]. No compensation was offered
for patients who participated in this study.

Patients were eligible for our study if they were
admitted with a confirmed diagnosis of COVID-19 with
positive reverse transcription-PCR or rapid antigen test
results for SARS-CoV-2 infection for the first time
between 10 December 2022 and 20 February 2023.
Patients were excluded if they were younger than
18years, admitted after 20 January 2023 (This was the
date before the Lunar New Year and near the end of
the COVID-19 pandemic in Beijing), discharged or died
within 24h after admission, received other antiviral
medications or had antiviral medications cross-over
with nirmatrelvir-ritonavir, or were pregnant.

Data collection

The data were derived from electronic medical records
at five medical centres at the Chinese PLA General
Hospital. Clinical researchers and engineers collabo-
rated to build a database of inpatients with COVID-19
in these medical centres during the study period. Data
including demographic information, vital signs, labora-
tory results, medical history, nursing records, diagno-
ses, and medical orders were collected. The pharmacy’s
electronic records were used to verify the actual dos-
age of the prescribed order. Data on survival after dis-
charge were obtained by telephone interviews, and
the final observation deadline was 22 March 2023. Two
clinical doctors verified the availability of the database.
The data were accessible through a secure platform
hosted by the hospital server within a private virtual
network.

Covariates

Covariates included age, sex, body mass index (BMI),
smoking status, time from symptom onset to admis-
sion, oxygen therapy or ventilator support, pre-existing
comorbidities and pneumonia on radiology at base-
line. The baseline was established on the day of admis-
sion. Obesity was defined as BMI > 28kg/m?2
Comorbidities were categorized according to the
Charlson comorbidity index (CCl), with values of 0,
1-3, and >3 [15]. Immunocompromised status was
defined as patients with malignant tumors, acute leu-
kemia, lymphoma, autoimmune rheumatic conditions,
and those receiving long-term immunosuppressive
therapy after organ transplantation, based on refer-
ences from the previous study [7]. The baseline labora-
tory test results included the white blood cell count,



haemoglobin, lymphocyte count, platelet count, albu-
min, alanine aminotransferase, estimated glomerular
filtration rate (eGFR), C-reactive protein, and D-dimer
on the day of baseline or within 48h before and after
baseline (if baseline values were missing). The World
Health Organization (WHO) 8-point ordinal scale was
assessed daily until 28days of hospitalization or at dis-
charge to evaluate the clinical severity. The range of
this scale was from 3 (no oxygen required) to 8 (death)
in our study, since scores 0-2 were used to evaluate
outpatient patients. A score of 4 indicates the require-
ment for oxygen therapy. A score of 5 indicates the
requirement of high-flow oxygen or non-invasive ven-
tilation. A score of 6 corresponds to the need for
mechanical ventilation, and a score of 7 represents
ventilation with additional organ support [16].

Treatment exposure

Hospitalized patients with COVID-19 who received
nirmatrelvir-ritonavir at the five medical centres were
defined as having treatment exposure. All centres had
equal access to nirmatrelvir-ritonavir. In the control group,
we selected hospitalized patients with COVID-19 who had
not received any antiviral therapy during the same period
as in the nirmatrelvir-ritonavir group. To mitigate potential
immortal time bias, we excluded patients who had more
than 2days between admission and initiating
nirmatrelvir-ritonavir treatment [9]. During the study
period, approximately half of the patients hospitalized for
COVID-19 exceeded the best recommended time to start
nirmatrelvir-ritonavir within 5days of symptom onset.
Based on the possible benefits of antiviral treatment, our
hospital expert committee on COVID-19 treatment recom-
mends using antiviral treatment for hospitalized patients
with severe COVID-19 whose PCR tests are positive for
SARS-CoV-2. This recommendation is based on the expert
consensus from the Respiratory Society of the Chinese
Medical Association and Treatment of COVID-19 in China
[1217].

Outcomes

Study outcomes included all-cause death and clinical
improvement recorded during 28days of hospitaliza-
tion. Clinical improvement was defined as a decrease
of 2 points on the WHO 8-point ordinal scale for clini-
cal improvement within 28days of hospitalization or at
hospital discharge with no increase in score from the
baseline score (whichever occurred first). The safety
events included severe liver and kidney function
impairment (defined as the new onset of an eGFR
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<30ml/min/1.73 m? or an eGFR <60ml/min/1.73 m?
(mild impairment) and alanine aminotransferase con-
centrations >200U/L during hospitalization) [18].

Statistical analysis

The patients’ characteristics are shown as the
mean tstandard deviation or the median with inter-
quartile range for continuous variables and as number
(%) for categorical variables. Differences in baseline
characteristics were tested using Student’s t-test, the
Wilcoxon rank test, or the chi-square test.

We performed a 1:1 propensity score matching to
account for the observed imbalance in covariates
between the nirmatrelvir-ritonavir and control
groups. Binary logistic regression was applied to
estimate the conditional probability of receiving nirmatrelvir-
ritonavir after admission. The covariables used for
matching included age, sex, time from symptom
onset to admission, CCl, WHO 8-point ordinal scale
at baseline, corticosteroid therapy, grade of GFR
(cutoff value whether less than 30 ml/min/1.73 m?),
medication at baseline, COVID-19 as the primary
diagnosis rather than the secondary diagnosis, com-
plications, and a positive result of COVID-19 nucleic
acid in a retest during hospitalization, which was
determined based on professional knowledge and
previous reports [9,18]. The calliper matching algo-
rithm without replacement was used, and a calliper
value of 0.2 was applied for the matching proce-
dure. The Love plot showing absolute standardized
mean differences was used to evaluate the balance
of covariates before and after propensity-score
matching, with a threshold of 0.1 applied to deter-
mine imbalance [19]. All analyses were conducted
based on matched samples.

The primary analysis aimed to evaluate the associa-
tions between the treatment exposure and study out-
comes, including all-cause death and clinical improvement
recorded during 28days of hospitalization. The time to
study outcome was defined as the number of days from
the date of admission to the occurrence of events, dis-
charge date, or date of death (whichever occurred first).
We calculated the cumulative incidence of the study out-
comes using the Kaplan—Meier estimator, with the
log-rank test applied for inference. We also calculated the
crude incidence rate per 1000 person-days of outcomes.
With regard to study outcomes, Cox proportional hazard
regression was used to estimate the hazard ratio (HR) and
95% confidence interval (Cl) associated with the treat-
ment exposure. We accounted for the heterogeneity
between study hospitals by adding a frailty term to the
Cox models [20].
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Several sensitivity analyses were also conducted. First,
we performed a stratified analysis according to the dura-
tion from symptom onset to treatment initiation (<5days,
5-10days, and >10days). Second, we performed sub-
group analyses according to selected baseline characteris-
tics and applied the z-test to detect potential modifying
factors [21]. Third, we compared safety outcomes between
the groups and used the Wald method to calculate the
risk ratio. Fourth, we included a sensitivity analysis that
considered drug interactions as part of the exclusion cri-
teria to mitigate confounding. Drug contraindications to
nirmatrelvir-ritonavir were included amiodarone, rifampi-
cin, rifapentine, carbamazepine, St. John's Wort, primidone,
phenobarbital, or phenytoin used on admission [9,17].
Finally, in addition to modelling the hazard function of
study outcomes and estimating the HR, we also com-
pared the number of days to event occurrence for study
outcomes between the groups. Accelerated failure time
modelling was used, which can be interpreted as the
time to an event using the time ratio (TR). Unlike the HR,
a TR >1 implied that the treatment exposure was associ-
ated with a prolonged duration to outcomes (e.g. all-cause
death) [22]. Therefore, we were able to examine the
hypothesis that nirmatrelvir-ritonavir is associated with an
extended number of survival days within 28days after
hospital admission.

All statistical analyses were conducted using SAS soft-
ware, version 9.4 (SAS Institute Inc.) and R language 3.6.2
(R Foundation, Vienna, Austria). A two-tailed alpha of 0.05
indicates a statistically significant level.

Role of the funding source

The funders were not involved in the study design, collec-
tion, analysis, or interpretation of data or report writing.

Results
Baseline characteristics

We identified 6218 consecutive hospitalized adults in the
PLA healthcare system who were diagnosed with
COVID-19 in the study period. 85% of these patients were
older than 60 or had at least one chronic comorbidity.
Among those who met the inclusion and exclusion crite-
ria, 1023 received nirmatrelvir-ritonavir and 3147 were
antiviral-free (Supplemental Figure 1). After propensity
score matching, 1010 patients in the nirmatrelvir-ritonavir
group and 1010 in the control group were included in
the analysis. Table 1 shows the baseline characteristics of
patients in the nirmatrelvir-ritonavir group and control
group before and after a 1:1 propensity score matching.
Before matching, patients in the nirmatrelvir-ritonavir

group were older, had a higher rate of requiring oxygen
and respiratory support, and had a higher rate of cortico-
steroid use than those in the control group. Baseline
covariates were balanced after matching, with a corre-
sponding absolute standardized mean difference <O0.1
(Figure 1). In the nirmatrelvir-ritonavir group, the median
time from symptom onset to initiating antiviral therapy
was 7.0days (95% Cl: 4.0-11.0) (Table 1); in 62.3% of
patients, the time from onset to admission exceeded
5days; a total of 95.2% of patients completed the stan-
dard 5-day nirmatrelvir-ritonavir regimen.

Associations between nirmatrelvir-ritonavir
exposure and study outcomes

The 28-day all-cause mortality in the nirmatrelvir-
ritonavir group was 12.0%, with a crude incidence of
4.6 (3.9-5.5)/1000 person-days (Table 2). The 28-day
all-cause mortality in the control group was 15.7%,
and the crude incidence was 6.3 (5.4-7.4)/1000
person-days. Nirmatrelvir-ritonavir was associated with
a 22% lower risk of 28-day all-cause death (HR: 0.78,
95% Cl: 0.61-0.98; Table 2). The log-rank test also
showed a significant difference in the cumulative risk
of death at 28days in the nirmatrelvir-ritonavir group
(p=0.013; Figure 2).

As shown in Table 2, The clinical improvement rate in
the nirmatrelvir-ritonavir group during the 28days was
74.7%, and the median time to improvement was 14.0
(13.0-15.0) days. The clinical improvement rate in the con-
trol group was 71.1%, and the median time to clinical
improvement was 15.0 (14.0-16.0) days. The nirmatrelvir-
ritonavir group was associated with a 14% increase in
28-day clinical improvement compared with the control
group (HR: 1.14, 95% Cl: 1.02-1.27). The log-rank test
showed a significant difference in the 28-day cumulative
improvement rate (p=0.012; Figure 2).

Safety analysis of nirmatrelvir-ritonavir exposure

As shown in the Supplemental Table 1,the incidence rate
of liver impairment was not significantly different between
the nirmatrelvir-ritonavir group (5.9%) and the control
group (5.5%). There was no significant difference observed
between the two groups in terms of the incidence rates
of both moderate (nirmatrelvir-ritonavir 9.7% vs control
8.3%, p=0.278) and severe kidney impairment (nirmatrelvir-
ritonavir 6.1% vs control 4.7%, p=0.141).

Sensitivity analyses

The primary analysis results were consistent with
those in the subgroup of patients who initiated
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Table 1. Baseline characteristics of participants before and after propensity-score matching.

Before matching

After 1:1 propensity-score matching

nirmatrelvir-ritonavir

nirmatrelvir-ritonavir

Characteristics a Controls (n=3147) (n=1023) P for difference b Controls (n=1010) (n=1010) P for difference b
Age, mean years 67.3(20.0) 74.2(16.7) <0.001 74.6(17.4) 74.1(16.8) 0.532
Sex(male) 1839 (58.4%) 674 (65.9%) <0.001 664 (65.7%) 662 (65.5%) 0.963
Smokers 514 (16.33%) 157 (15.35%) 0.456 156 (15.45%) 157 (15.54%) 0.951
BMI 23.82+3.56 24.03+3.55 0.234 23.85+3.72 24.03+3.54 0.213
Obese 299 (9.50%) 106 (10.36%) 0.419 81 (8.02%) 105 (10.40%) 0.065
Time from symptoms onset
to admission
<5days 1221 (38.8%) 419 (41.0%) 397 (39.3%) 413 (40.9%)
>5days 1890 (60.1%) 601 (58.7%) 0.029 609 (60.3%) 594 (58.8%) 0.724
Unclear 36 (1.1%) 3 (0.3%) 4 (0.4%) 3 (0.3%)
Respiratory support
No oxygen therapy 1256 (39.9%) 273 (26.7%) 259 (25.6%) 272 (26.9%)
required
Requiring oxygen 1733 (55.1%) 651 (63.6%) <0.001 674 (66.7%) 643 (63.7%) 0.231
therapy
Requiring HFNC or MV 158 (5.0%) 99 (9.7%) 77 (7.6%) 95 (9.4%)
WHO 8-point ordinal scale 3.7+£0.7 3.9+0.7 <0.001 3.9+0.7 3.9+0.7 0.950
Charlson comorbidity index 2.0 [0.0-3.0] 1.0 [0.0-3.0] 0.110 1.0 [0.0-3.0] 1.0 [0.0-3.0] 0.697
Pre-existing comorbid
conditions
Malignant tumors 617 (19.6%) 193 (18.9%) 0.635 190 (18.8%) 191 (18.9%) 1.000
Kidney transplantation 6 (1.5%) 6 (3.5%) <0.001 28 (2.8%) 3 (3.3%) 0.603
Chronic liver disease 474 (15.1%) 147 (14.4%) 0.624 133 (13.2%) 143 (14.2%) 0.560
Diabetes 870 (27.6%) 313 (30.6%) 0.075 318 (31.5%) 306 (30.3%) 0.596
Chronic kidney disease 525 (16.7%) 143 (14.0%) 0.046 144 (14.3%) 137 (13.6%) 0.700
Hypertension 1522 (48.4%) 535 (52.3%) 0.032 536 (53.1%) 529 (52.4%) 0.789
Cardiovascular disease 872 (27.7%) 315 (30.8%) 0.063 323 (32.0%) 312 (30.9%) 0.632
Cerebrovascular diseases 622 (19.8%) 186 (18.2%) 0.286 196 (19.4%) 185 (18.3%) 0.570
Dementia 138 (4.4%) 50 (4.9%) 0.558 62 (6.1%) 50 (5.0%) 0.285
Connective tissue disease 106 (3.4%) 29 (2.8%) 0.462 31 (3.1%) 29 (2.9%) 0.896
Pneumonia 2791 (88.69%) 978 (95.60%) <0.001 950 (94.06%) 965 (95.54%) 0.161
RT-PCR value <35 1247 (39.6%) 586 (57.3%) <0.001 561 (55.5%) 573 (56.7%) 0.622
Primary diagnosis of 2576 (81.9%) 992 (97.0%) <0.001 980 (97.0%) 979 (96.9%) 1.000
Covid-19
Laboratory results, mean
(SD)
White blood cell count, 6.1 [4.6-8.3] 5.9 [4.2-8.3] 0.058 6.3 [4.6-8.7] 5.9 [4.2-8.3] 0.004
10° cells per L
Lymphocyte count, 10° 1.0 [0.6-1.5] 0.9 [0.6-1.3] <0.001 0.9 [0.5-1.3] 0.9 [0.6-1.3] 0.736
cells per L
Hemoglobin, g/L 120.7 £26.2 120.9+27.7 0.830 120.1+26.2 120.9+27.8 0.551
Albumin, g/L 35.2+6.2 344+5.6 <0.001 339+5.6 345+5.6 0.026
Alanine aminotransferase,  19.1 [12.8-31.0] 21.3 [14.2-33.0] <0.001 20.2 [13.6-31.4] 21.3 [14.2-33.0] 0.093
u/L
CRP, mg/L 19.6 [4.2-63.6] 29.0 [8.1-70.7] <0.001 33.6 [7.5-84.2] 28.9 [8.0-70.1] 0.063
eGFR 87.9 (63.8-110.1) 83.7 (63.9-104.3) 0.089 82.6 (62.0-105.7) 83.9 (64.6-104.3) 0.433
eGFR = 30ml/ 2748 (87.3%) 923 (90.2%) 894 (88.5%) 911 (90.2%)
min/1.73m?
eGFR < 30ml/ 296 (9.4%) 42 (4.1%) <0.001 4 (5.3%) 42 (4.2%) 0.393
min/1.73m?
Missing 103 (3.3%) 58 (5.7%) 62 (6.1%) 7 (5.6%)
Concomitant medications,
No. (%)
Corticosteroids use 819 (26.0%) 477 (46.6%) <0.001 455 (45.0%) 465 (46.0%) 0.688
Tocilizumab use 33 (1.0%) 44 (4.3%) <0.001 24 (2.4%) 35 (3.5%) 0.186

eGFR: estimated Glomerular Filtration Rate; CRP: C-reactive protein; CCl: Charlson comorbidity index; HFNC: High Flow Nasal Cannula therapy; MV:

Mechanical Ventilation; WHO: World Health Organization; .Ct: cycle threshold.
Data are presented as mean=SD, n (%), or median (quartile 1-quartile 3).

5P value reported for differences between two cohorts using t-test, chi-square test, or Wilcoxon rank test.

nirmatrelvir-ritonavir within 5days from the onset of
their symptoms. The early initiation of nirmatrelvir-
ritonavir therapy was significantly associated with a
reduced all-cause mortality at 28days (HR: 0.50, 95%
Cl: 0.31-0.81), an increased clinical improvement rate
(HR: 1.26, 95% Cl: 1.07-1.49), and shorter duration to

clinical improvement compared with controls (7.0 days,
95% Cl: 4.0-10.0 vs 13days, 95% Cl: 4.0-9.0). In the
subgroup of later initiation of nirmatrelvir-ritonavir
treatment (i.e. at 5-10days and >10days after symp-
tom onset), there was no difference in 28-day all-cause
mortality, clinical improvement rate, or the time to
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Figure 1. Love plot assessing differences in baseline characteristics before and after 1:1 propensity-score matching, respectively.
Absolute standardized mean differences were applied for assessing covariate balance, with a threshold of > 0.1 used for determining imbalance.

Table 2. Study outcomes in Nirmatrelvir-ritonavir group vs. matched controls.

Crude incidence rate per 1000

QOutcomes Crude incidence (%) Person-days person-days (95% Cl) HR (95% Cl) a
All-cause death®
Matched controls 159 (15.7%) 25357 6.3 (5.4-7.3) Reference
Nirmatrelvir-ritonavir 121 (12.0%) 26130 4.6 (3.9-5.5) 0.78 (0.61-0.98)
Clinical improvement®
Matched controls 718 (71.1%) 16785 45.8 (39.8-45.9) Reference
Nirmatrelvir-ritonavir 751 (74.4%) 15773 47.6 (44.4-51.1) 1.14 (1.02-1.27)

HR: hazard ratio; Cl: confidence interval.

®HR was estimated using Cox proportional hazard regression.

bDefined as all-cause mortality recorded within 28-days hospital admission.

“Defined as 2 points or higher improvement in clinical symptoms recorded within 28-days hospital admission.
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Figure 2. Cumulative incidence of study outcomes for nirmatrelvir-ritonavir recipients vs. matched controls.
Day 0 (baseline) represents the first day of admission to hospital. Kaplan-Merier estimator was used for estimating cumulative incidence, with Log-rank

test applied for assessing differences between groups.

clinical controls
(Figure 3).

Besides, we did not identify any significant modify-
ing factors(including age, sex, respiratory support,
comorbid conditions and so on) on the associations
between nirmatrelvir-ritonavir treatment and out-
comes (Supplemental figures 2 and 3). Additionally, as
shown in Supplementary Table 2, after excluding hos-
pitalized patients with drug contraindications to
nirmatrelvir-ritonavir, we found a consistent associa-
tion between nirmatrelvir-ritonavir therapy and clini-
cal improvement in both primary and sensitivity
analyses. Moreover, in patients requiring oxygen sup-
plementation (WHO score 4), nirmatrelvir-ritonavir
was associated with a superiority in reducing all-cause
mortality compared to the controls (Supplemental
figure 2). In patients with critically ill (WHO score
greater than or equal to 5) there are no significant
all-cause death events compared with controls
(Supplementary Table 3). Finally, accelerated failure
time modelling showed that nirmatrelvir-ritonavir was
associated with a 50% increase in survival days (time
ratio: 1.50; 95% Cl: 1.10-2.03) and a 12% decrease in
days to clinical improvement (time ratio: 0.88; 95% Cl:

improvement compared  with

0.83-0.95) compared with matched controls

(Supplemental Table 4).

Discussion

In this retrospective, multicentre, large-scale cohort
study of hospitalized patients with COVID-19 during
the Omicron wave in Beijing, we found that
nirmatrelvir-ritonavir was significantly associated with
reduced all-cause mortality. We also found a higher
likelihood of achieving clinical improvement and a
shorter time to clinical improvement in patients in the
nirmatrelvir-ritonavir group, especially in those who
received nirmatrelvir-ritonavir within 5days after symp-
tom onset. The benefits might be diminished when
nirmatrelvir-ritonavir was prescribed after more than
5days of symptom onset. To the best of our knowl-
edge, this is the first multicentre, large sample-size,
real-world study of the Omicron wave in Beijing that
reported the effectiveness of nirmatrelvir-ritonavir
treatment within and beyond recommended treatment
5days after symptom onset.

A retrospective cohort study was conducted on
COVID-19 hospitalized patients during the Omicron BA.2
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Figure 3. Cumulative incidence of study outcomes for nirmatrelvir-ritonavir recipients vs. matched controls, further stratified by

duration from symptoms onset to treatment initiation.

Day 0 (baseline) represents the first day of admission to hospital. Kaplan-Meier estimator was used for estimating cumulative incidence, with Log-rank test
applied for assessing differences between groups. Cox proportional hazard regression was used for estimating hazard ratio (HR) and 95% confidence

interval (Cl).

wave in Hong Kong who did not require supplemental
oxygen. It showed that nirmatrelvir-ritonavir was associ-
ated with significantly decreased risks of all-cause mortal-
ity (43%) and composite disease progression (66%). The
present study was different from the previous study since
we included patients who had severe comorbidities,
required supplemental oxygen or mechanical ventilation
or started nirmatrelvir-ritonavir treatment more than
5days after symptom onset. The all-cause mortality rate in
this study was higher than that in the previous study
since increased risks of breakthrough infection and mor-
tality in patients with COVID-19 who were old and had
multiple comorbidities [23-25]. We also found a signifi-
cant benefit in survival time for the nirmatrelvir-ritonavir
group. A prolonged in-hospital survival time could pro-
vide more opportunities for severe patients, which might
explain lower mortality in the nirmatrelvir-ritonavir group.
Moreover, The results of the sensitivity analysis support

the  WHO guideline recommendation to prescribe
nirmatrelvir-ritonavir within 5days of symptom onset. No
significant clinical benefit was observed in patients who
received nirmatrelvir-ritonavir later than 5days after symp-
tom onset. Delayed nirmatrelvir-ritonavir treatment is
associated with delayed viral elimination, which might
lead to persistent organ damage and death [26].

In terms of the safety profile of nirmatrelvir-ritonavir,
previous studies among outpatient and mild to moderate
patients showed that nirmatrelvir-ritonavir mainly caused
grade 1 and 2 adverse reactions, predominantly affecting
the gastrointestinal system [1,2]. No significant increase in
the occurrence of grade 3 or 4 adverse events. However,
it is important to note that our study included patients
with various underlying conditions, including critically ill
patients, which represents a high-risk population for
adverse reactions that were rarely explored in previous
studies. We did not observe any significant differences



between the nirmatrelvir-ritonavir group and the control
group in terms of the occurrence of severe liver or kidney
injury. Therefore, we support the use of nirmatrelvir-ritonavir
in hospitalized patients, including those with critical ill-
ness or multiple comorbidity conditions. Notably, due to
the retrospective nature of our study, we were unable to
collect comprehensive adverse events data of the partici-
pants. In future studies, it would be valuable to monitor
the pharmacokinetics of nirmatrelvir, particularly in criti-
cally ill patients which would provide important insights
to guide the appropriate use of nirmatrelvir-ritonavir in
this specific patient population.

The primary strength of this study is that it rep-
resents the first investigation into the effectiveness of
off-label treatment with nirmatrelvir-ritonavir in hospi-
talized patients. Therefore, this study provides evidence
regarding the real-world effectiveness of nirmatrelvir-
ritonavir in hospitalized patients with COVID-19 who
do not receive timely treatment or require more inten-
sive respiratory support. Moreover, we assessed the
association between nirmatrelvir-ritonavir and the pro-
longed time to death in this study using accelerated
failure time modelling, which was not well investigated
in previous studies.

There are several limitations to this study. First,
although covariates such as disease severity, pre-existing
conditions, and laboratory tests at baseline were
well-balanced between the two groups, vaccination sta-
tus was not adjusted due to the large proportion of
missing values. With over 90% of China’s population
fully vaccinated, adjusting for vaccinations likely had
minimal effect on the outcome [27]. Second, the onset
time of symptoms might have been inaccurate because
some COVID-19 symptoms were not obvious. Third, the
heterogeneity in the hospitalized patient population
might have influenced the interpretation of the results.
By stratifying the data based on the levels of respiratory
support, we performed subgroup analyses to examine
the associations and outcomes within specific severity
categories. In addition, the socioeconomic status of par-
ticipants was not recorded. Consider that 90% of medi-
cation costs were covered by medical insurance of
hospitalized patients with COVID-19 during the study
period in Beijing. The socioeconomic status might not
have affected the treatment strategy decision.

In summary, this multicentre retrospective cohort study
shows that nirmatrelvir-ritonavir was associated with
decreased 28-day all-cause mortality and a faster clinical
recovery. Additionally, the early initialization of
nirmatrelvir-ritonavir treatment within 5days after symp-
tom onset provides considerable benefits, whereas
delayed administration might lack substantial benefits.
Future prospective clinical studies on hospitalization of

ANNALS OF MEDICINE € 9

varying severities of COVID-19 should be conducted to
obtain more precise definitions of populations who might
benefit from nirmatrelvir-ritonavir treatment.
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