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Objective: To assess the key factors influencing the effectiveness of nirmatrelvir/ritonavir in treating elderly patients with COVID-19.
Methods: This study was conducted on patients aged ≥60 who were admitted to the Second Affiliated Hospital of Soochow University for

COVID-19 infection and were treated with nirmatrelvir/ritonavir. Clinical information was collected from patients For personal use only.

and steady-state blood concentrations of nirmatrelvir and ritonavir were measured. Factors associated with treatment effects were
searched by univariate and multivariate analysis.
Results: A total of 68 (51 males and 17 females) patients had a median age of 80 (73.0–84.8) years were enrolled in this study. The
blood concentration measurements (trough concentrations) of nirmatrelvir and ritonavir were 5.1 (2.6–7.1) and 0.4 (0.2–0.9) μg/mL,
respectively. Adverse drug reaction was reported in 4 (5.9%) patients. Univariate analysis showed that age, clinical classification,
APACHE II score, total bilirubin (TBil), aspartate transaminase (AST), lactate dehydrogenase (LDH), and total cholesterol (TC) were
significantly associated with the effectiveness of treatment (P value <0.05). Concentration of nirmatrelvir was also associated with
treatment outcome (P value <0.1). Based on the results of univariate analysis, the above factors were introduced into the multiple linear
regression equation as independent variables, and the results showed that clinical classification was included in the regression equation
model and was the most important factor affecting the treatment outcome. By receiver operating characteristic curve analysis, the area
under curve of age + biochemical indicators + APACHE II score + clinical classification was 0.968 (95% CI = 0.919–1.000; P
<0.0001). Among the 68 patients included in the study, 4 cases experienced adverse drug reactions.
Conclusion: Age, clinical classification, APACHE II score, TBil, AST, LDH, and TC were significantly associated with the
effectiveness of treatment in elderly patients with COVID-19.
Keywords: nirmatrelvir/ritonavir, COVID-19, elderly patients, effectiveness

Introduction
Coronavirus disease 2019 (COVID-19) is an infectious coronavirus disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).1 As of November 2023, there have been over 63 million confirmed COVID-19 cases, and
more than 6 million COVID-19–related deaths worldwide.2 Although a total of 1.2 billion vaccine doses have been
administered, COVID-19 is still a huge threat to life due to the lack of effective medical treatment. Paxlovid
(nirmatrelvir/ritonavir) is a novel oral antiviral medication developed by Pfizer for the treatment of COVID-19.3,4 This
medication comprises nirmatrelvir, a protease inhibitor that specifically targets the SARS-CoV-2 3-chymotrypsin–like
cysteine protease enzyme, and ritonavir, a CYP3A4 inhibitor that serves to inhibit the metabolism of nirmatrelvir, thereby
extending its effective concentration in the body.5 On December 22, 2021, the Food and Drug Administration granted
emergency use authorization for nirmatrelvir/ritonavir to be used in the treatment of mild-to-moderate COVID-19 cases
in individuals with a high risk of progression to severe illness. These high-risk groups include individuals who are elderly
(≥60 years of age), overweight or obese (BMI≥25 kg/m2), afflicted with chronic kidney disease, diabetes, immunosup
pressive conditions, cardiovascular disease, hypertension, cancer, and other relevant comorbidities.6,7 Clinical data have
shown that patients with risk factors are prone to progressing toward severe or potentially life-threatening conditions if

they do not receive timely and effective treatment after being infected with COVID-19. Statistical data reveals an
elevated mortality rate among elderly patients and those with critical illness.8–10 Consequently, timely and effective
treatment administration is crucial in augmenting the survival rate of high-risk patients. To achieve this goal, measures
must be implemented to ensure patients receive effective medication dosages while minimizing drug interactions and
adverse reactions during treatment.

Therapeutic drug monitoring is a widely utilized clinical practice for monitoring the concentrations of drugs in



patients’ bloodstream. It serves as a valuable tool in evaluating the correlation between drug concentrations and
therapeutic effectiveness, thereby mitigating the occurrence of adverse drug reactions resulting from elevated drug
concentrations.11 This approach assumes a critical role in facilitating precise drug administration and individualized
medication strategies. However, due to the relatively short period since the introduction of nirmatrelvir/ritonavir to the
market and the limited availability of clinical data, there remains insufficient information concerning its effectiveness and
the incidence of adverse drug reactions during patient usage. Moreover, there is a lack of guidelines or studies elucidating
the correlation between blood drug concentration and both effectiveness and adverse drug reactions.

To investigate whether blood drug concentration affects the therapeutic efficacy of nirmatrelvir/ritonavir in elderly
patients with COVID-19 and identify the primary factors influencing treatment outcomes, we conducted a study involving
the collection of clinical information from 68 hospitalized elderly patients diagnosed with COVID-19. Blood drug
concentrations of nirmatrelvir and ritonavir were determined using our established methodology. Subsequently, we
conducted an analysis to identify the primary factors impacting treatment effectiveness. Furthermore, we discussed the
influence of these factors on the treatment of elderly patients with COVID-19 and the adverse drug reactions in this study.

Materials and Methods
Patients
This study was conducted with the approval of the medical science research ethics committee of the second affiliated
hospital of Soochow University. All participants gave written informed consent, and the study was conducted according
to the Declaration of Helsinki. According to the diagnostic criteria outlined in the “Diagnosis and Treatment of
COVID-19 (Trial Version 10)”, all enrolled patients exhibited relevant clinical manifestations indicative of novel
coronavirus infection, along with positive findings in pathogenic and serological examinations.12 Prior to enrollment,
written informed consent was obtained from all elderly patients (age ≥60 years) who had been receiving
nirmatrelvir/ritonavir therapy for a minimum of 48 hours to reach a steady state and underwent concentration
measurements during the treatment period. Patients were excluded from the study if they had incomplete data, which
hindered the assessment of outcome events; if the clinical diagnosis was unclear; if they had impaired kidney function
with an estimated glomerular filtration rate (eGFR) < 60 mL/min; if they failed to adhere to the prescribed medication
regimen; if they use contra-indicated medication, which has high dependency on CYP3A for clearance or potent CYP3A
inducers; or if they did not adhere to the prescribed blood sample collection schedule. Following admission, all patients
received regular treatment with nirmatrelvir/ritonavir. The medication was administered orally every 12 hours at a dose
of 300 mg (150 mg × 2 tablets) in combination with ritonavir 100 mg (100 mg × 1 tablet) for a duration of 2 days until
steady-state plasma concentrations were achieved. Approximately 2–3 mL of venous blood was drawn 30 minutes before
the administration of the morning dose to measure the trough concentration (Cmin).

Acute Physiology and Chronic Health Evaluation II (APACHE II) score was calculated according to the physiological
parameters and chronic health status of the patients at admission, and used to evaluate the severity of the patients’ clinical
conditions at admission. Furthermore, we assessed the clinical classification of enrolled patients based on the criteria
outlined in the ‘Diagnosis and Treatment of COVID-19 (Trial Version 10).12

Measurement of Nirmatrelvir/Ritonavir Concentration
Nirmatrelvir/ritonavir concentrations were quantified using a validated liquid chromatography tandem mass spectrometry
(LC-MS/MS) method.13 Saquinavir was employed as the internal standard for this analysis. The separation of the analyte
was achieved using a Thermo Hypersil GOLD C18 column (2.1 mm × 100 mm, 3 μm), and detection was performed
using electrospray ionization in positive mode with full mass monitoring. The specific ions monitored for nirmatrelvir,

ritonavir, and saquinavir were m/z 500.24792, 721.32004, and 671.39155, respectively. The lower limit of quantification was
established at 78.1 ng/mL for nirmatrelvir and 15.6 ng/mL for ritonavir. The inter-run precision was found to be less than 15%, and
the accuracy ranged from 87.45% to 104.63%.13

Outcome Definition
Treatment effectiveness classification: according to the “Diagnosis and Treatment Protocol for Novel Coronavirus Infection” issued
by the Ministry of Health, patients were categorized into two groups based on clinical diagnosis and treatment outcomes. The
treatment-effective group comprised patients who exhibited a notable improvement in their condition and tested negative for
SARS-CoV-2 nucleic acid within 28 days after receiving the nirmatrelvir/ritonavir.



On the other hand, the treatment-ineffective group comprised patients with persistent or worsening symptoms with a hospital stay of
more than 28 days, those who discontinued treatment and were discharged, and patients who succumbed to the disease. Definition
of adverse reactions: adverse reactions related to nirmatrelvir/ritonavir were assessed by reviewing the original medical records of
relevant patients and analyzing pre- and post-application test results. Management of drug adverse reactions: For patients with mild
symptoms within their tolerance range, the dosage of the medication may be reduced or discontinued as advised by the physician. If
necessary, appropriate medications can be administered to alleviate symptoms. For patients experiencing moderate to severe
symptoms, immediate discontinua
tion of the drug is recommended, followed by targeted treatment and management as directed by the physician.

Statistical Analysis
Continuous variables were first determined using the normal distribution test homogeneity of variance test to determine whether the
data conformed to a normal distribution and homogeneity of variance, with conformity expressed as mean ± standard deviation and
non-conformity expressed as median (IQR). Categorical variables were expressed as frequencies and percentages. Univariate and
multifactorial logistic regression models were used to analyze the potential factors affecting the prognosis of hospitalized patients.
ROC curves were used to determine the efficacy of the screened potential factors for efficacy judgments. All statistical tests were
two-sided, and P values less than 0.05 were considered statistically significant. GraphPad Prism 9+, version 9.2.0 (GraphPad
Software, LLC., San Diego, USA) and IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, N.Y., USA) were
used in our study.

Results
Patient Characteristics
A total of 124 patients were infected with SARS-CoV-2 and hospitalized during the study period, 68 of whom met the study
eligibility criteria. The other 51 patients were excluded because of impaired kidney function with eGFR less than 45 mL/min,
missing clinical data, discontinuation of medication for various reasons, age less than 60 years old, or nirmatrelvir concentration
below the detection limit of 78.1 ng/mL. The demographic and clinical characteristics of the included patients were listed in Table
1. There were 51 males and 17 females, aged 61 to 93 years, with a mean age of 80 years. Major comorbid diseases included:
obesity, diabetes, hypertension, hepatic insufficiency, and cancer. 4 cases of adverse drug reactions occurred. The blood
concentration measurements (trough concentrations) of nirmatrelvir and ritonavir were 5.1 (2.6–7.1) and 0.4 (0.2–0.9) μg/mL,
respectively. Of these 68 individuals, 48 had an outcome of discharge or remission and were classified in the effective group, while
20 had an outcome of exacerbation and death in 28 days (including discharge from treatment) and were classified in the ineffective
group, the overall cure rate was about 70.6%. Clinical data between the groups were shown in Table 1.

Factors Associated with Effectiveness
Logistic regression analysis was used to identify independent factors influencing effectiveness. The results of the univariate and
multivariate analyses were presented in Table 2. The results of univariate analysis showed that age, clinical classification, APACHE
II score, total bilirubin (TBil), aspartate transaminase (AST), lactate dehydrogenase (LDH), and total cholesterol (TC) were
significantly associated with the effectiveness of treatment (P value <0.05). Cmin of nirmatrelvir was also associated with

Table 1 Baseline Demographic and Clinical Characteristics of the Included Patients

Characteristic All Patients (n=68) Effective Group (n=48) Ineffective Group (n=20)



Age, years (IQR)
Male sex (n, %)
BMI, kg/m2 (IQR)
Clinical classification
Medium (n, %)
Severe (n, %)
Critical (n, %)

APACHE II score (IQR)
eGFR, mL/min (IQR)
Albumin, g/L (IQR)
TBil, μmol/L (IQR)
ALT, U/L (IQR)
AST, U/L (IQR)
r-GT, U/L (IQR)
LDH, U/L (IQR)
TC, mmol/L (IQR)
Concomitant disease
Diabetes (n, %)
Hypertension (n, %)
Abnormal liver function (n,
%) Cancer (n, %)

Drug combination (n, %)
ADR (n, %)
Nirmatrelvir, μg/mL (IQR)
Ritonavir, μg/mL (IQR)
Length of stay, days (mean±SD)

80.0(73.0–84.8)
51(75.0)

23.5(22.0–26.1)

38(55.9)
11(16.2)
19(27.9)

10.0(7.0–13.8)
80.5(63.8–95.8)
32.6(29.9–35.9)
9.0(5.9–11.6)
36.5(22.2–51.0)
25.5(16.5–40.5)
40.5(30.0–64.2)
293.0(226.8–33

5.5)
4.4(4.0–4.9)

39(57.4)
17(25.0)
6(8.8)
12(17.6)
18(26.5)
4(5.9)

5.1(2.6–7.1)
0.4(0.2–0.9)
18.47±11.18

78.5(71.2–83.0)
36(70.6)

24.1(22.1–27.4)

36(75.0)
9(18.8)
3(6.2)

8.0(7.0–11.0)
78.5(69.5–98.0)
34.2(30.8–36.0)
7.9(5.4–10.9)
33.0(20.5–46.8)
21.0(15.0–31.8)
39.0(27.0–60.8)

267.5(208.0–301.0)
4.4(4.1–4.9)

25(52.1)
10(20.8)
4(8.3)
11(22.9)
13(27.1)
4(8.3)

4.6(2.3–6.4)
0.4(0.1–0.8)
17.92±8.28

79.2(79.2–86.0)
15(29.4)

23.4(22.0–24.6)

2(10.0)
2(10.0)
16(80.0)

15.0(12.0–19.0)
82.0(56.2–91.8)
30.5(29.7–32.1)
10.6(9.3–14.0)
44.0(24.8–65.8)
39.0(32.0–58.8)
53.0(34.5–139.0)
384.5(294.5–467.5)

4.4(3.6–4.5)

14(70.0)
7(35.0)
2(10.0)
1(5.0)
5(25.0)
0(0.0)

5.6(4.4–4.2)
0.7(0.2–1.2)
19.8±16.37

Abbreviations: IQR, interquartile range; eGFR, estimated glomerular filtration rate; TBil, total bilirubin; ALT, alanine aminotransferase; AST,
aspartate transaminase; r-GT, r-glutamyltransferase; LDH, lactate dehydrogenase; TC, total cholesterol; ADR, adverse drug reaction; SD,
standard deviation.

Table 2 Univariate and Multivariate Analyses of Factors Influencing Effectiveness

Characteristic Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value

Age, years
Gender
BMI, kg/m2
Clinical
classification
APACHE II
score
eGFR, mL/min
Albumin, g/L
TBil, μmol/L
ALT, U/L
AST, U/L
r-GT, U/L
LDH, U/L
TC, mmol/L
Diabetes
Hypertension
Nirmatrelvir,
μg/mL Ritonavir,
μg/mL
Length of stay, days

1.087(1.005–1.176)
1.000(0.300–3.336)
0.951(0.818–1.106)
10.554(3.912–28.
477)
1.610(1.270–2.04
1)
0.991(0.967–1.
017)
0.907(0.796–1.
037)
1.203(1.045–1.
384)

0.999(0.989–1.010)
1.042(1.014–1.071)
1.005(0.997–1.013)
1.012(1.005–1.018)
0.402(0.178–0.910)
2.046(0.646–6.482)
2.147(0.706–6.523)
1.195(0.999–1.429)
1.572(0.767–3.223)
1.015(0.970–1.061)

0.038
1.000
0.514
0.000
0.000
0.499
0.144
0.010
0.890
0.003
0.214
0.001
0.029
0.224
0.178
0.051
0.217
0.528

1.07(0.922–1.241)

6.883(1.349–35.
108)
1.398(0.989–1.9
77)

0.961(0.714–1.

294)

1.060(0.986–1.

139)

1.003(0.992–1.
015)
0.232(0.022–2.
44)

1.073(0.680–1.695)

0.058

0.020
0.058

0.792

0.115

0.548
0.224

0.762



Abbreviations: eGFR, estimated glomerular filtration rate; TBil, total bilirubin; ALT, alanine aminotransferase;
AST, aspartate transaminase; r-GT, r-glutamyltransferase; LDH, lactate dehydrogenase; TC, total cholesterol.

treatment outcome (P value <0.1). Based on the results of the univariate analysis, the above factors were introduced into the
multiple linear regression equation as independent variables, and the results showed that clinical classification was included in the
regression equation model and was the most important factor affecting the treatment outcome.
Figure 1A–G shows the distribution of age, APACHE II score, TBil, AST, LDH, TC and nirmatrelvir concentration in the effective
and ineffective groups. The mean values of age, APACHE II score, TBil, AST, LDH and nirmatrelvir concentration in the effective
group were significantly lower than those in the ineffective group. And the mean value of TC in the effective group was higher than
that in the ineffective group. ROC curves are widely used to evaluate the sensitivity and specificity of biomarkers, and the
relationship between sensitivity and specificity can be visualized.
Using the ROC curve (Figure 1H), the area under the curve (AUC) of biochemical indicators with significant differences (including
Tbil, AST, LDH and TC) was 0.859 (95% confidence interval (95% CI) = 0.762–0.956; P < 0.0001), the AUC of age and
biochemical indicators was 0.882 (95% CI = 0.803–0.962; P < 0.0001), the AUC of age + biochemical indicators + APACHE II
score was 0.946 (95% CI = 0.885–1.000; P < 0.0001), the AUC of age + biochemical indicators + APACHE II score + clinical
classification was 0.968 (95% CI = 0.919–1.000; P <0.0001), indicating that the combination of age, biochemical indicators
(including Tbil, AST, LDH and TC), APACHE II score and clinical classification can well predict the treatment outcome of
nirmatrelvir/ritonavir in elderly patients with COVID-19. Overall, the results of the ROC curve analysis showed that the use of
clinical biochemical assays alone was less useful for the determination of nirmatrelvir/ritonavir efficacy than the addition of the
patient’s APACHE II score and clinical staging.

Cases of Adverse Drug Reaction
Among the 68 patients included in the study, 4 cases experienced adverse drug reactions, and their clinical information is presented
in Table S1. These four patients had comorbid conditions, including hepatic insufficiency, cancer, hypertension,

Figure 1 The main influencing factors of effectiveness and the ROC curve of different influencing factors. (A) The distribution of age in the effective and ineffective groups; (B) The
distribution of APACHE II score in the effective and ineffective groups; (C) The distribution of TBil in the effective and ineffective groups; (D) The distribution of AST in the effective and
ineffective groups; (E) The distribution of LDH in the effective and ineffective groups; (F) The distribution of TC in the effective and ineffective groups; (G) The distribution of nirmatrelvir
concentration in the effective and ineffective groups; (H) The ROC curve of age + biochemical indicators + APACHE II score + clinical classification, age + biochemical indicators +
APACHE II score, age + biochemical indicators and biochemical indicators. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. Abbreviations: TBil, total bilirubin; AST, aspartate
transaminase; LDH, lactate dehydrogenase; TC, total cholesterol.



and diabetes. The primary manifestations of adverse drug reactions observed were diarrhea, dizziness, sweating, and
vomiting. Blood concentration measurements of nirmatrelvir and ritonavir were found to be low in all three patients
except for Case 3. Diarrhea was the predominant adverse drug reaction symptom reported in Cases 1 and Cases 4. We
hypothesized that the occurrence of diarrhea increased gastrointestinal motility, leading to rapid drug excretion without
sufficient absorption, resulting in lower blood levels. Conversely, Case 3 exhibited a significantly higher than normal
blood concentration, and the underlying cause for this elevated concentration remains unidentified. It is speculated that
the elevated blood concentration in this case might have triggered gastrointestinal reactions and subsequent vomiting.

Discussion
Although WHO declares end to COVID-19 as a global health emergency on May 5, 2023, the novel coronavirus known
as SARS-CoV-2 still exists in the population for a long time. During this study, the predominant variant strain was
identified as the Omicron variant. This variant is characterized by rapid transmission, strong concealment, high
infectivity, and a short incubation period, leading to widespread infections. A considerable number of elderly patients
were hospitalized due to viral infection.14,15 Nirmatrelvir/ritonavir is extensively utilized as a first-line treatment for
patients with mild-to-moderate COVID-19. This study is to explore whether blood drug concentration affects the
therapeutic efficacy of nirmatrelvir/ritonavir in elderly patients with COVID-19 and identify the primary factors
influencing treatment outcomes. Through the utilization of logistic regression, we identified age, clinical classification,
APACHE II score, TBil, AST, LDH, and TC as risk factors affecting the treatment outcome of nirmatrelvir/ritonavir in
elderly patients with COVID-19, with clinical classification being independent risk factors. In addition, through the ROC
curve analysis, we found that these risk factors are helpful for the clinical efficacy of nirmatrelvir, especially the clinical
test indicators combined with APACHE II score and clinical staging. The weakened immune system in most elderly
patients, coupled with age-related metabolic and diminished repair functions, results in impaired drug absorption and
metabolism, leading to relatively poorer treatment outcomes in the elderly population. The clinical classification of
COVID-19 and the APACHE II score at admission are crucial factors influencing treatment outcomes. Clinical
classification includes mild, moderate, severe, and critical cases. Different clinical classification has a significant impact
on disease severity and the prognosis for patients.16,17 Older patients may be more likely to progress to critical cases,
which might necessitate treatments like nirmatrelvir. However, treatment outcomes can vary depending on the patient’s
immune status and other underlying health issues. Higher APACHE II scores are typically associated with more severe
illness and higher mortality rates. Older patients often have more chronic health problems, potentially resulting in higher
APACHE II scores.18 The concentration of LDH can reflect the extent of cell damage or inflammation. Elevated LDH
levels in the treatment-resistant group may be attributed to the severity of the patients’ condition, indicating more cell
damage and inflammation. It could also be associated with concurrent pulmonary infections, cardiac issues, or other
comorbidities in the patients. Additionally, studies have shown that elevated LDH levels may be linked to liver
dysfunction, hindering efficient drug metabolism, and ultimately leading to suboptimal therapeutic effects.19 TBil and
AST are commonly used to assess liver function. In the ineffective group, higher levels of TBil and AST may result from
the more severe COVID-19 infection, leading to impaired liver function.20 TC levels can be associated with various
factors, including dietary habits, genetic predisposition, medication use, chronic diseases, and liver function. Lower TC
levels in the ineffective group may reflect the patients’ nutritional status or liver dysfunction. Malnutrition or underlying
liver issues in patients could potentially affect drug metabolism and efficacy.21

Surprisingly, the ineffective group exhibited higher nirmatrelvir concentrations compared to the effective group. We
speculate that the ineffective group’s higher age and poorer liver function resulted in slower drug metabolism after
administration, ultimately leading to higher drug concentrations. However, higher drug concentrations did not lead to
improved treatment outcomes. We hypothesize several reasons for this. Firstly, varying viral loads: patients in the
ineffective group may have had higher viral loads at the start of treatment, meaning that a higher drug concentration is
needed to effectively suppress viral replication. In such cases, even with a higher blood drug concentration of
nirmatrelvir, it may not reach the necessary level for effective viral suppression. Secondly, Disease Duration: overall,
patients in the ineffective group exhibited a longer disease duration. Prolonged disease duration is associated with
alterations in hepatic and renal function, protein binding rates, and intestinal absorption and permeability. These dynamic

changes have the potential to impact blood drug trough concentrations. Thirdly, differential drug distribution: variations in patients’
physiological conditions can result in different drug distributions. Although the blood drug concentration is higher in the ineffective
group, if the concentration at the site of infection is insufficient, it may not effectively inhibit viral replication. Lastly, the virus may



develop resistance to nirmatrelvir. If the virus becomes resistant to the drug during treatment, even with a higher blood
concentration, the drug may not effectively inhibit viral proliferation. Therefore, we believe that the higher blood drug
concentration of nirmatrelvir in the ineffective group is a result of treatment outcomes, rather than the cause. Consequently,
monitoring only the blood drug concentration of nirmatrelvir is insufficient for predicting treatment efficacy in patients. However,
in cases of severe or critical clinical classification, combining it with other physiological and biochemical indicators can help
predict the effectiveness of nirmatrelvir.
Common adverse reactions documented in the drug label for nirmatrelvir/ritonavir included diarrhea and taste disturbance, with
occasional reports of indigestion, vomiting and muscle pain. Notably, all four reported cases of ADR in this study resulted in a
complete recovery, with three of them having relatively low drug concentrations. Moreover, most patients with high drug
concentrations did not experience ADR, suggesting the relatively high safety profile of nirmatrelvir/ritonavir. The medication
regimen employed in this study strictly adhered to the instructions provided in the drug guide, ensuring compliance with drug
combinations. None of the enrolled patients received concomitant administration of drugs known for their high dependency on
CYP3A for clearance or potent CYP3A inducers. Nevertheless, caution must be exercised regarding potential drug interactions
when using nirmatrelvir/ ritonavir.22,23

This study is a single-center cohort study conducted in a real-world setting, and it is important to acknowledge the limitations of the
study: (1) The study included a relatively small number of patients, which may restrict the general izability of the findings.
Therefore, further confirmation in a larger and independent population is warranted to enhance the external validity of the results.
(2) Although patients were compared at baseline, the assessment of comorbid underlying conditions relied on crude statistics
without considering the matching of disease severity scores to evaluate the severity of the disease. This approach may introduce
bias and impact the accuracy of the results. (3) The study did not adequately account for the potential influence of non-drug factors
on the outcomes or the impact of drug combinations. It is essential to consider these factors in future research to ensure a more
comprehensive understanding of the results. To address these limitations and provide more robust evidence, future studies should
involve large-scale clinical trials supported by valid and reliable data. Furthermore, prospective studies and stratified analyses
considering different prognoses should be conducted to guide clinical practice.

Conclusion
The present study contributes evidence supporting the favorable therapeutic effectiveness of nirmatrelvir/ritonavir in elderly
patients with COVID-19. The results reveal a correlation between advanced age, clinical classification, APACHE II score, TBil,
AST, LDH, and TC were significantly associated with the effectiveness of treatment, underscoring the importance of closely
monitoring clinical indicators in elderly patients with COVID-19. Additionally, the study findings suggest a relatively high level of
safety associated with nirmatrelvir/ritonavir, as no severe adverse drug reactions were observed even in patients with high blood
drug concentrations.
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