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Purpose: Anti-viral and anti-inflammatory therapies were effective in altering virus repletion and immune dysregulation in
Coronavirus Disease 2019 (COVID-19) patients. This study aimed to explore the effect of combination therapy on disease progression
in a real-world setting.

Patients and Methods: A total of 836 patients confirmed with SARS-CoV-2 infection participated in the study from 15 November
to 25 December 2022 at Beijing Youan Hospital, Capital Medical University. A prospective cohort study was implemented to
investigate the prognostic effect of the combination therapy on virus shedding and clinical recovery.

Results: About 78% of patients used nirmatrelvir/ritonavir (N/R, Paxlovid®, Pfizer) negatively, 16% of patients were prescribed
nirmatrelvir/ritonavir beyond five days of symptom onset, 4% of patients received N/R monotherapy within five days of symptom
onset and 2% of patients received N/R combined with dexamethasone. Compared with untreated patients, N/R monotherapy reduced
the median time to 10.0 days from 12.0 days according to the negative conversion of nucleic acid amplification test (NAAT), and
combination therapy reduced the time to 7.0 days, and increased to a 1.99 (95% CI 0.92, 4.32) and 14.23-fold (95% CI 4.50, 44.95)
probability of negative NAAT, respectively. N/R monotherapy reduced the clinical recovery time to 10.0 days from 13.0 days. Single-
use and combined-use non-significantly increased the recovery probability by 61% and 69%, respectively. In mild and moderate
patients, the HRs for clinical recovery increased to 1.69 (95% CI 0.73, 3.94) and 2.18 (95% CI 0.29, 16.62), respectively.
Conclusion: Combination therapy of N/R and dexamethasone increased negative conversion of NAAT and was associated with
a non-significant improvement in clinical recovery. Further studies are warranted to confirm this efficacy.
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Introduction

Since the global outbreak of coronavirus disease 2019 (COVID-19), the adverse impact is enormous on both living
a normal life and public health. Worldwide, 753.82 million individuals contracted the virus, and 6.81 million died as
a result.' Omicron, as a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant of concern (VOC), has
a stronger spreading ability and is now the dominant strain in China.>™
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Anti-viral agents and immunomodulatory drugs are the main treatments for COVID-19.> Small molecule inhibitors,°
monoclonal antibodies,” natural products,8 and traditional treatments’ are useful adjuncts to vaccinations in the clinical
treatment of SARS-CoV-2. However, there are no promising medications.'® In this circumstance, combination medica-
tion regimens'' are essential in the treatment of SARS-CoV-2 infection. Nirmatrelvir co-packaged with ritonavir (N/R),
as an oral novel antiviral agent, was authorized for emergency use in SARS-CoV-2 infection in many countries.'* ">
Evidence has shown that N/R could decrease the risk of COVID-19 progression and death in high-risk patients. N/R was
reported to reduce the risk of hospitalization or death by 89% in a phase 2/3 EPIC-HR randomized-controlled trial (RCT)
in COVID-19 outpatients with high risk of progression.'® In addition, N/R was found to increase the negative conversion
of NAAT and decrease the mortality and disease progression of mild/moderate hospitalized COVID-19 patients.'”'®

The immune and inflammatory responses and cytokine storms (CS) induced by viral infections are important causes
of lung damage, leading to critical illness and death in patients.'® Corticosteroids have anti-inflammatory, immunosup-
pressive effects and were widely used for severe COVID-19.%° Recently, the controversy over the role of corticosteroids
in critically ill patients is ongoing and the combined therapy of N/R and corticosteroids is seldom reported.?' =
This prospective cohort study aimed to investigate the clinical effectiveness of the combined use of N/R and

corticosteroids in hospitalized COVID-19 patients.

Materials and Methods
Ethical Approval

All procedures performed in this study involving human participants were approved by the ethical committee of the
Beijing Youan Hospital, Capital Medical University (LL-2023-092-K), in accordance with the ethical standards of the
1964 Helsinki Declaration and its later amendments. Informed consent was obtained from the included subjects.

Study Setting

Of COVID-19 patients hospitalized in Beijing Youan Hospital, Capital Medical University, 836 were recruited con-
secutively into the study from 15 November to 25 December 2022. The diagnosis and treatment protocol for COVID-19
patients (tentative version 9) was released by the National Health Commission’s Bureau of Medical Administration. The
standards of hospital discharge included more than 3-day normal temperature, remission of respiratory symptoms,
improvement of acute lung infiltrates on imaging, and two consecutive (interval of 24 hours at least) NAAT or cycle
thresholds (Ct) values of >35.

Study Design

This was a prospective cohort study. Based on the N/R treatments, COVID-19 patients were divided into four groups:
negative use of N/R, use of N/R beyond 5 days of symptom onset, N/R monotherapy within 5 days of symptom onset,
and combination therapy of dexamethasone and N/R within 5 days of symptom onset. The effect on negative NAAT of
SARS-CoV-2 and clinical recovery was compared between N/R treatment groups.

Patients

Patients with positive tests of nucleic acid amplification or antigen for SARS-CoV-2 were hospitalized. The onset of
signs and symptoms of COVID-19, including fever, cough, sore throat, malaise, fatigue, headache, muscle pain, nausea,
vomiting, diarrhea, loss of taste and smell, were collected. The patients were prescribed laboratory tests, including
complete blood count, liver and renal function tests. They received anti-viral and symptomatic treatments, recommended
by the protocol. The children and pregnant women were excluded from the study.

Variable

N/R treatment groups were defined according to the medical records. The combined use of dexamethasone and N/R was
defined as N/R treatment prior to dexamethasone. The severity of illness categories was defined according to the COVID-
19 treatment guidelines recommended by the National Institute of Health, including asymptomatic infection, mild illness,
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moderate illness, severe illness and critical illness, based on a range of clinical manifestations (https:/www.covid19

treatmentguidelines.nih.gov/overview/clinical-spectrum/). The Ct value of real-time reverse-transcription polymerase

chain reaction (RT-PCR) from NAAT at hospital admission was selected for further analysis. The diagnosis of
comorbidities of COVID-19 included hypertension, diabetes, cancers, chronic liver diseases, chronic kidney diseases,
cardio-cerebrovascular diseases, and chronic obstructive pulmonary diseases, collected from the medical records.

Outcome/Endpoints

Negative conversion of NAAT for SARS-CoV-2 was defined as Ct value increasing to >35 during the disease course. The
median time to negative conversion of NAAT started from the positive test of NAAT or evidence of SARS-CoV-2
antigens.

Patients recovered to discharge standards were defined as being in clinical recovery. Clinical recovery meant more
than 3-day normal temperature, remission of respiratory symptoms, improvement of acute lung infiltrates on imaging and
two consecutive (interval of 24 hours at least) negative NAAT or a Ct value of >35. The median time to clinical recovery
started from the symptom onset.

Statistical Analysis

All analyses were conducted by SPSS 23.0 software. Age, Ct value, and clinical classification were analyzed by the
Kruskal-Wallis test between the four treatment groups. Gender and comorbidities were analyzed by chi-square test
between four treatment groups. Kaplan—-Meier curve was used to estimate the median time to negative conversion of
NAAT and median time to clinical efficacy, with the log rank test. COX hazard regression model was used to estimate the
hazard ratio (HR) and 95% confidence interval (95% CI) for N/R use on the negative conversion of NAAT and clinical
efficacy, with adjustments for age, gender, clinical classification of COVID-19, Ct value, and comorbidity diagnosis.
Subgroup analysis was conducted among patients with mild/moderate illness. All analyses were two-tailed, with
a significance level of 0.05.

Results
Of patients diagnosed with SARS-CoV-2 infection, 836 were recruited into the study. Average age was 60 and male
patients accounted for 51% (Table 1). The severity categories included 18% asymptomatic infection, 68% mild/moderate

Table | Characteristics of Covid-19 Patients

Clinical Features (n=836)

Age, mean (SD) 59.7 (22.2)
Gender, n (%)
Male 428 (51.2)
Female 408 (48.8)
Clinical classification of COVID-19, n (%)
Asymptomatic infection 152 (18.2)
Mild and moderate illness 563 (67.6)
Severe and critical illness 118 (14.2)

Paxlovid use, n (%)

Negative use 616 (78.4)
Use beyond five days of symptom onset 124 (15.8)
Single use within five days of symptom onset 33 (4.2)
Combining use with dexamethasone within five days of symptom onset 13 (1.7)

Cycle threshold value, mean (SD) 26.8 (6.7)

Comorbidities, n (%)
Yes 479 (57.3)
No 357 (42.7)
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illness and 14% severe/critical illness (Table 1). Of COVID-19 patients, 78% had never used N/R during the disease
course, 16% were prescribed N/R beyond five days of symptom onset, 4% patients received N/R within five days of
symptom onset and 2% received N/R within five days of symptom onset combined with dexamethasone (Table 1). The
admitting Ct value was 27 and the proportion of comorbidities was 43% (Table 1).

Patients receiving N/R treatment beyond five days of symptom onset tended to be older (68) and have a higher Ct
value (35) than other treatment groups (p<0.001, Table 2). Male patients (29%) were more likely to receive N/R
treatment than female patients (14%) (p<0.001, Table 2). Patients with serious severity of illness were more likely to
receive N/R treatment, and the proportion of N/R use was 2%, 20% and 58% between asymptomatic, mild/moderate and
severe/critical illness groups, respectively (p<0.001, Table 2). Of COVID-19 patients with comorbidities, 29% used N/R
compared with 12% of patients without comorbidities (p<0.001, Table 2).

Since symptom onset, the median time of negative conversion of NAAT was 12.0, 12.0, 10.0, and 7.0 days for
negative N/R use, N/R use beyond five days of symptom onset, N/R monotherapy within five days of symptom onset,
and combined use of dexamethasone and N/R within five days of symptom onset, respectively (Figures 1A and B). The
crude HR was 0.98 (95% CI 0.75, 1.28), 1.28 (95% CI 0.77, 2.11) and 4.43 (95% CI 2.27, 8.64), referring to negative N/
R use (Figure 1B). With adjustment of confounding factors, combined use of dexamethasone and N/R within five days of
symptom onset was associated with an HR of 14.23 (95% CI 4.50, 44.95, Table 3) for negative conversion of NAAT.
Among subgroups of mild/moderate illness, N/R monotherapy and combined use of dexamethasone and N/R within five
days of symptom onset were associated with a 3.37-fold and 23.94-fold higher probability of negative conversion of
NAAT (p<0.001, Table 3), respectively. One-year increase in age was associated with a 1% reduction and one-cycle
increase in Ct value was associated with a 6% increase in negative conversion of NAAT (p<0.001, Table 3).

The median times of clinical recovery were 13.0, 20.0 and 10.0 days for negative N/R use, N/R use beyond five days
of symptom onset, and single N/R use within five days of symptom onset, respectively (Figures 2A and B). The median
recovery time was not achieved among patients receiving combined use of dexamethasone and N/R within five days of
symptom onset. Compared with negative N/R use, the crude HR of N/R use beyond five days of symptom onset was 0.31
(95% CI 0.23, 0.41) (Figure 2B). In multivariate analysis, N/R use within five days of symptom onset seemed to improve
the probability of clinical recovery, although the significane level was not observed (Table 4). Age and positive
comorbidities have a significant association with clinical recovery, one-year increase in age and positive comorbidities

associated with a 1% and 44% reduction in recovery probability, respectively (Table 4).

Table 2 Distribution of Clinical Characteristics Between Paxlovid Treatment Groups

Negative Use Beyond Single Use Within Combining Use with p
Five Days of Five Days of Dexamethasone
Symptom Symptom Onset Within Five Days of
Onset Symptom Onset
Age*, median (IQR) 58.0 (33.0) 68.0 (16.0) 66.0 (21.0) 58.0 (39.5) <0.001
Cycle threshold value*, median (IQR) 26.2 (10.5) 353 (7.5) 25.0 (13.6) 289 (19.7) <0.001
Gender', n (%) <0.001
Male 277 (70.5) 87 (22.1) 18 (4.6) 11 (2.8)
Female 339 (86.3) 37 94) 15 (3.8) 2 (0.5)
Clinical classification of COVID-19*, n (%) <0.001
Asymptomatic infection 141 (97.9) 2 (1.4) 1 (0.7) 0 (0)
Mild and moderate illness 435 (79.7) 8l (14.8) 25 (4.6) 5(0.9)
Severe and critical illness 40 (42.1) 41 (43.2) 7(74) 7 (7.4)
Comorbidities®, n (%) <0.001
Yes 307 (70.7) 93 (21.4) 22 (5.1) 12 (2.8)
No 309 (87.8) 31 (8.8) I @3.1) | (0.3)

Notes: *Kruskal-Wallis test, fChi-square test.
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Figure | Survival analysis between Paxlovid use and negative conversion of nucleic acid amplification test. (A) Kaplan-Meier survival curve. (B) Log-rank test and univariate

analysis of COX regression..

Discussion

In this prospective cohort study, we demonstrate that combination therapy with N/R and dexamethasone within 5 days of
SARS-CoV-2 infection is linked with a more rapid conversion to a negative respiratory SARS-CoV-2 RT-PCR test result,

3 days earlier than N/R monotherapy. In addition, compared to other treatments, single use of N/R within 5 days of

symptom onset is associated with the shortest length of clinical recovery. However, single or combination therapy of N/R

and dexamethasone did not produce a significant HR of clinical recovery.

N/R consists of nirmatrelvir and ritonavir. Nirmatrelvir, a main protease (Mpro) inhibitor targeting the 3C-like
protease of SARS-CoV-2, is effective in reducing the replication of virus. Ritonavir, an inhibitor of cytochrome P450

Table 3 Multivariate Analysis Between Paxlovid Use and Negative Conversion of NAAT

HR*,4. | 95%ClI p HR?,q; 95% ClI p
Paxlovid use <0.001 <0.001
Negative use 1.00 — 1.00 —
Use beyond five days of symptom onset 1.44 0.84, 2.44 1.68 0.92, 3.06
Single use within five days of symptom onset 1.99 0.92, 4.32 337 1.41, 8.06
Use within five days of symptom onset plus dexamethasone 14.23 4.50, 44.95 23.94 4.83, 118.62
Age 0.99 0.98, 0.99 0.009 0.99 0.98, 0.99 0.029
Gender 0.553 0.809
Female 1.00 — 1.00 —
Male 0.90 0.63, 1.28 0.95 0.62, 1.45
Clinical classification of COVID-19 0.899 —
Asymptomatic infection 1.00 —
Mild and moderate illness 0.93 0.60, 1.43
Severe and critical illness 0.85 0.38, 1.91
Cycle threshold value 1.07 1.04, 1.11 <0.001 1.06 1.02, 1.10 0.002
Comorbidities 0.059 0.085
No 1.00 — 1.00 —
Yes 0.66 0.43, 1.02 0.66 0.41, 1.06

Notes: *All subjects, Subjects with mild and moderate illness.
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Figure 2 Survival analysis between Paxlovid use and clinical recovery. (A) Kaplan-Meier survival curve. (B) Log-rank test and univariate analysis of COX regression.

3A4 (CYP3A4), is used to elevate blood concentrations of nirmatrelvir. The co-administration of two drugs resulted in
a prolonged duration of drug effect.*® We observed an accelerating negative conversion of NAAT in hospitalized
COVID-19 patients who received N/R; a similar result was reported from a previous study.”> SARS-CoV-2 shedding
appeared to peak around the period of symptom onset and patients were most contagious at this period.?*° Early use of
N/R within 5 days of symptom onset can reduce transmission.*® Additionally, N/R could improve the clinical prognosis
of mild/moderate hospitalized patients."® Even among non-hospitalized patients from a phase 2/3 double-blind RCT
(EPIC-HR study), N/R treatment was reported to improve the duration and severity of COVID-19.'® N/R treatment could
control the transmission of SARS-CoV-2 and improve clinical recovery from COVID-19. In our study, single antivirus
therapy did not increase the recovery rate in hospitalized patients, but combined use with dexamethasone was associated
with a non-significant increase in clinical recovery, due to the limited sample size. Unlike the EPIC-HR study, our study
focused on hospitalized patients and most patients received vaccination. Further studies are necessary to confirm these
results.

Table 4 Multivariate Analysis Between Paxlovid Use and Clinical Recovery

HR*,,. | 95% CI p HR Y, | 95%Cl p
Paxlovid use 0.472 0.512
Negative use 1.00 — 1.00 —
Use beyond five days of symptom onset 0.85 0.48, 1.49 0.89 0.49, 1.62
Single use within five days of symptom onset 1.61 0.75, 3.42 1.69 0.73, 3.94
Combining use with dexamethasone within five days of symptom onset 1.69 0.47, 6.09 2.18 0.29, 16.62
Age 0.99 0.98,0.99 | 0.037 0.99 0.98, 0.99 0.036
Gender 0.634 0519
Female 1.00 — 1.00 —
Male 0.92 0.64, 1.31 0.88 0.61, 1.29
Clinical classification of COVID-19 0.663 —
Mild and moderate illness 1.00 —
Severe and critical illness .19 0.55, 2.55
Cycle threshold value 0.98 0.95, 1.01 0.169 0.98 0.95, 1.01 0.173
Comorbidities 0.005 0.009
No 1.00 — 1.00 —
Yes 0.54 0.35, 0.83 0.56 0.36, 0.86
Notes: *All subjects, Subjects with mild and moderate illness.
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SARS-CoV-2 infection could induce local/systemic immune responses, exacerbate cytokine storms and result in acute
respiratory distress syndrome.®' The inflammatory markers were reported to correlate with the severity and prognosis of
COVID-19.*** The diagnostic model constructed by C-reactive protein and procalcitonin had highly predictive efficacy
for clinical outcomes of COVID-19.*> Immune/inflammatory responses regulated the clinical process of COVID-19 and
anti-inflammatory therapy made it possible to modulate the prognosis.

From the clinical course of the asymptomatic incubation period, disease onset with respiratory symptoms, disease
progression and severe disease phase, the patients experienced SARS-CoV-2 infection, immune responses, dysregulated
inflammation and inflammation-mediated immunopathology.*'*° Anti-viral therapy was inadequate to cure the COVID-
19 deterioration process, especially with immunopathology, and should be combined with anti-inflammatory therapy.
Anti-viral and anti-inflammatory treatments were proposed to combine to fight against COVID-19.>7 Hospitalized
COVID-19 patients on dexamethasone and with invasive mechanical ventilation or oxygen, had a reduced risk of 28-
day mortality, but not in those without respiratory support.”’ Meanwhile, the beneficial effect on 28-day mortality from
glucocorticoids was confirmed from a meta-analysis among patients with severe COVID-19.**® However, another meta-
analysis reported that corticosteroid treatment for MERS-CoV and SARS-CoV infections did not improve clinical
prognosis.”® In our study, combined therapy of N/R with dexamethasone improved the negative conversion of NAAT
and clinical recovery.

Anti-inflammatory treatments are not recommended for use too early, in case they interfere with immune responses in
patients with severe illness.”'***® Patients with mild/moderate illness also experienced dysregulated inflammation and
cytokine storms and needed anti-inflammatory immunomodulators, ie, glucocorticoids.>’” The recommendation of
dexamethasone based on the severity of COVID-19 might miss some vulnerable patients. The biomarkers of inflamma-
tory responses are of value to guide anti-inflammatory treatments. In this real-world study, we also found that the
systemic inflammatory index was associated with the death from COVID-19, and aimed to explore the predictive factors
for anti-inflammatory treatments.

Drug resistance to N/R was discovered in HIV-1 (human immunodeficiency virus-1) and HCV (hepatitis C virus)
patients.’® As reported, accumulation of the Mpro mutation might increase drug resistance in vitro, and the
resistant genes have been discovered in community isolates. Combination therapy is one of the potential options for
reducing the possibility of N/R resistance.”*

A limited sample size of combined use of N/R and dexamethasone was the first limitation of this study. This study did
not investigate the 28-day mortality of COVID-19.

Conclusion

Early use of N/R could reduce virus shedding of SARS-CoV-2 significantly and, combined with dexamethasone, might
improve clinical recovery from COVID-19. For the distinctive variations in immunological and clinical features of
emerging SARS-CoV-2 variants in future, the clinical efficacy of anti-viral and immunomodulatory medicines
warrants investigation.
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