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Introduction: Severe COVID-19 pneumonia has two phases that are not mutually exclusive. Repurposed drugs target only one phase and the association of combination therapy to survival is unknown.
Objective: To determine the association of hydroxychloroquine, azithromycin, and methylprednisolone versus methylprednisolone only to in hospital survival.
Methods: This is a secondary analysis of a retrospective cohort of patients admitted for severe covid-19 in 13 hospitals in New Jersey, United States from March–June 2020. Propensity score match with 11 variables was constructed between those who received no methylprednisolone and methylprednisolone. Multivariate Cox regression was used for risk of in hospital mortality.
Measurements and main results: There were 759 patients, 380 in no methylprednisolone and 379 with methylprednisolone. Multivariate Cox regression shows that methylprednisolone, hydroxychloroquine, and azithromycin had prolonged survival compared to methylprednisolone alone [HR 0.45 (95% CI 0.22,0.91 p < 0.03)]. In patients who received hydroxychloroquine and azithromycin, those who also received high dose methylprednisolone were associated with worse survival compared to those who received low dose methylprednisolone (HR = 1.642; 95% CI 1.053 to 2.562; p = 0.0287). Nursing home residents [HR 2.77 (95% CI 1.67, 4.59 p < 0.0001)], coronary artery disease [HR 2.93 (95% CI 1.31, 3.15 p = 0.001), and invasive mechanical ventilation [HR 3.02 (95% CI 1.71,5.34 p = 0.0001)] were independently associated with worse survival.
Conclusion: Combination therapy was associated with improved survival compared to monotherapy. However, nursing home residents, coronary artery disease, and mechanical ventilation were independently associated with mortality. Larger randomized controlled studies are needed to confirm conclusions.
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INTRODUCTION
After the first Coronavirus disease 2019 (COVID-19) pandemic surge in June 2021, there were 170,812,850 cases, 3,557,586 deaths, and mortality rate of 2% (World Health Organization, 2021a). In March 2022, there has been 452,201,564 confirmed cases, 6,029,852 deaths, and a mortality rate of 1.33% (World Health Organization, 2021b). The most common cause of mortality is acute respiratory distress syndrome (ARDS) (Badu et al., 2021). Drugs were repurposed to meet the time of need (Go, 2021). Azithromycin, a macrolide antibiotic, and hydroxychloroquine, an antimalarial drug, have been repurposed due to reported effects in vitro, readily available, and are inexpensive. Hydroxychloroquine has in vitro activity against SARS-CoV-2 through impairment of terminal glycosylation of angiotensin converting enzyme receptor 2 (ACE2) and increase pH of endosomes that virus use for entry. (Chen et al., 2004; Vincentet al., 2005; Liu et al., 2020; Wang et al., 2020; Yao et al., 2020; Zhou et al., 2020). Azithromycin also has in vitro activity against SARS-CoV-2 and hypothesized to cause cytokine downregulation, maintain epithelial integrity, and prevent pulmonary fibrosis (Echeverría-Esnal et al., 2021). The efficacy in vitro did not necessarily translate in vivo, and azithromycin and hydroxychloroquine were not associated with improved survival in several studies (Recovery Collaborative Group et al., 2020; Rosenberg et al., 2020; Fiolet et al., 2021; Réa-Neto et al., 2021).
In the beginning of the pandemic, there were reservations on the use of corticosteroids due concerns for prolonging viral shedding, which was seen in other viral diseases such as influenza. Since then, a European study on dexamethasone showed improved survival in patients requiring oxygen support (Recovery Collaborative Group et al., 2021). Methylprednisolone has been the preferred corticosteroid formulation in non-COVID-19 ARDS in the United States. In our initial study, it was associated with prolonged survival compared to no methylprednisolone (Go et al., 2021). Other immunomodulators, such as tocilizumab and baricitinib, have been used as inpatient treatment although they are not readily available and are expensive. ((Kalil et al., 2021; Recovery Collaborative Group, 2021).
In our institution, azithromycin 500 mg IV for 5 days and hydroxychloroquine 800 mg on day 1 followed by 400 mg once a day for day 2–5 were also given to hospitalized patients. Methylprednisolone, with dose and duration at the discretion of the provider, were given to patients who were sick or at a higher risk of dying.
Corticosteroids have become standard of care for COVID-19. We would like to determine if the addition of hydroxychloroquine and azithromycin to methylprednisolone is associated with improved survival compared to methylprednisolone alone.
METHODOLOGY
Eligibility criteria
Real world data was collected from Hackensack Meridian Health (HMH), a NJ health network comprising of thirteen hospitals on patients ≥18 years of age, and hospitalized for at least 2 days between 1 March 2020 and 15 June 2020 with severe COVID -19 Pneumonia.1 These patients had a positive SARS-CoV-2 PCR and had SpO2 <94% on room air at sea level, a respiratory rate >30 breaths/min, PaO2/FiO2 <300 mm Hg, or lung infiltrates >50%.
Patient and public involvement
Patient and public were not involved in the design, conduction and dissemination of this study.
Data collection
Demographic data such as age, gender, race, ethnicity, comorbidities, and sex were self-reported. Weight and height were measured. SARS-CoV-2 was detected in nasal swabs by RT-PCR. Routine blood tests included complete blood count (CBC), coagulation profile, complete metabolic profile (CMP), inflammatory markers [interleukin-6 (IL-6), C reactive protein (CRP), d-dimer, and ferritin], and arterial blood gas (ABG). Data was entered into Redcap and abstracted from June to December 2020.
Outcomes
The primary outcomes are the associations of combinations of hydroxychloroquine, azithromycin, and methylprednisolone to in hospital survival. In the patients who received hydroxychloroquine, azithromycin, and methylprednisolone, we then wanted to compare the association of methylprednisolone dose to in hospital survival. The secondary outcome is a descriptive analysis of inflammatory markers in survivors versus non-survivors in those who received hydroxychloroquine, azithromycin, and methylprednisolone.
Statistical analysis
This is a secondary analysis from a propensity score matched cohort study comparing in-hospital survival of COVID-19 admitted patients that were treated with methylprednisolone and no methylprednisolone. The patients were matched based on variables associated with mortality such as age (≥60 years vs. <60 years), body mass index (BMI) (≥30.0 kg/m2 vs. <30.0 kg/m2), sex (Male/Female), diabetes (Yes/No), hypertension (Yes/No), cancer (Yes/No), respiratory rate (RR)[ >22 breaths per minute (bpm) vs. ≤22 bpm], chronic kidney disease (Yes/No), low oxygen (oxygenation >94% vs. oxygenation≥94%), CRP (>20 mg/dl vs. ≤ 20 mg/dl), and quick sequential organ failure assessment (qSOFA) (score: 0,1,2,3). (Go et al., 2021).
A nearest-neighbor method was employed using a caliper of 0.20 to obtain the propensity matched sample. A post-match assessment of the distribution of propensity scores (or logit of propensity scores) and balance in the adjusted variables between the no methylprednisolone (NMP) and methylprednisolone using standardized difference and variance ratio were performed. This analysis and graphical displays were obtained by the ASSESS statement of PROC MATCH in SAS 9.4 (Go et al., 2021).
Categorical variables were presented as the frequency and percentage while continuous variables were presented as the median and interquartile range. Shapiro-Wilk test was used to assess normality of continuous variables. Comparison of matched continuous variables was performed using two-sided paired t-test or Wilcoxon signed-rank test, as appropriate. Comparison of paired categorical variables was performed using McNemar’s test or Bowker test of symmetry, as appropriate (Go et al., 2021).
Estimates of time to event (in hospital survival) were obtained using Kaplan-Meier method which reported median (95% CI), 60-days rates (95% CI), and the intervals were calculated using the arcsine square root transformation method (Go et al., 2021). To examine association of risk factor of interest, Cox proportional hazard (PH) regression analysis with robust covariance 2(sandwich estimator) to account paired observations was conducted and hazard ratios (HRs), 95% CIs, and p values were reported in all univariable and multivariable analysis from PROC PHREG. The PH assumption, critical in Cox regression, was evaluated using a Kolmogorov-type supremum test in ASSESS statement of PROC PHREG. If the PH assumption was violated, then a continuous variable which also violated the PH and its interaction with time were included in the model to adjust for the significant interaction with time to the risk of in-hospital mortality. In the multivariable analysis, all covariates (p < 0.10) were included in an initial full model fit and backward elimination selection procedure was performed until significant variables (at 5% levels) were retained (Go et al., 2021). To this final model, an interaction term of the non-PH (NPH) covariate and time to in hospital mortality and the NPH covariate were added to adjust for the NPH property of the methylprednisolone. In the multivariable analysis, all covariates (p < 0.10) were included in an initial full model fit and backward elimination selection procedure was performed until significant variables (at 5% levels) were retained (Go et al., 2021). To this final model, an interaction term of the non-PH (NPH) covariate and time to in hospital mortality and the NPH covariate were added to adjust for the NPH property of the methylprednisolone or azithromycin, hydroxychloroquine, and methylprednisolone. Optimal cutoff value of methylprednisolone dose was conducted using the Youden index method based on logistic regression of the binary outcome, in hospital survival, and total dose/absolute weight/day (Go et al., 2021).
RESULTS
Between March 4 and 15 June 2020, 2041 patients were flagged in the electronic health record with a diagnosis of COVID-19 and pneumonia. A total of 539 patients were excluded based on ineligibility criteria (<18 years of age, pregnant, other formulations of corticosteroids, or hospitalized for less than 2 days) A propensity score matched sample was constructed out of 759 patients [380 in no methylprednisolone and 379 in methylprednisolone]. After an examination of the proportional hazards assumption, methylprednisolone, and fractionated inspired oxygen (FiO2) significantly violated it (both with p < 0.0001). Data on P/F ratio was lacking; and FiO2 was used since 95% of patients had this data. The supremum test also indicated that non-proportionality was observed in other variables such as nursing home, lack of taste or smell, white blood cells<11,000 cells/ml, creatinine>1.5 ng/ml, respiratory rate >22 breaths per minute (BPM), hydroxychloroquine, methylprednisolone, calcium, and initial diastolic blood pressure. All variables with non-proportional hazard were adjusted using FiO2, as indicated above (Supplementary Table S1–S3) (Supplementary Figure S1,S2).
In both methylprednisolone and no methylprednisolone, the patients were admitted 5 days from the onset of symptoms. The methylprednisolone group had higher levels of CRP (12.64 mg/dl vs. 9.88 mg/dl p < 0.047) and required more patients higher oxygen support compared to no methylprednisolone (129 vs. 35 p < 0.0001). At that time, the use of non-invasive mechanical ventilation (BPAP or CPAP) was rare due to concerns of aerosolization of the virus.
Multivariate Cox regression shows that methylprednisolone, hydroxychloroquine, and azithromycin had prolonged survival compared to methylprednisolone alone [HR 0.45 (95% CI 0.22,0.91 p < 0.03)] (Figure 1). Nursing home residents [HR 2.77 (95% CI 1.67, 4.59 p < 0.0001)], coronary artery disease (CAD) [HR 2.93 (95% CI 1.31, 3.15 p = 0.001), and invasive mechanical ventilation [HR 3.02 (95% CI 1.71,5.34 p = 0.0001)] were associated with worse survival.
[image: Figure 1]FIGURE 1 | Kaplan Meier Plot of In Hospital Survival between patients who received methylprednisolone, hydroxychloroquine, and azithromycin (Blue) versus those who received methylprednisolone (Red).
Other combinations were also explored. For those patients who received methylprednisolone and azithromycin, multivariate Cox regression showed improved survival compared to hydroxychloroquine (HR = 0.26; 95% CI 0.09,0.79 p = 0.015). For those who received methylprednisolone and hydroxychloroquine, multivariate Cox regression showed improved survival compared to azithromycin (HR 0.29; 95% CI 0.12,0.69 p = 0.0056). For those who received methylprednisolone, hydroxychloroquine, and azithromycin, they are associated with prolonged survival compared to methylprednisolone and hydroxychloroquine (HR = 0.52; 95% CI 0.32,0.83 p = 0.0072). Methylprednisolone, hydroxychloroquine, and azithromycin was associated with prolonged survival compared to hydroxychloroquine and azithromycin (HR 0.40 95% CI 0.24,0.66 p = 0.0004).
We further wanted to see the effect of methylprednisolone dose combined with hydroxychloroquine and azithromycin. The Youden index method determined dose cutoff as 1.36 mg/kg/d (Go et al., 2021). Low-dose (LD) MP was defined as less than 1.36 mg/kg/d and high-dose (HD) MP was defined as greater than or equal to 1.36 mg/kg/d (Go et al., 2021). Out of the 248 COVID-19 patients that were treated with a combination of the three repurposed drugs methylprednisolone, hydroxychloroquine and azithromycin, 150 (60.5%) received low dose methylprednisolone and 95 (39.5%) received high dose methylprednisolone. Of the 150 patients that were treated with LD MP, 44 (29.3%) expired during their COVID-19 hospital stay. Of the 98 patients that were treated with HD MP, 36 (36.7%) expired during their COVID-19 hospital stay. The median in-hospital survival in the HD MP cohort was 25.0 days (95%CI:17.0–48.0 days) and median in-hospital survival in the LD MP cohort was 41.0 days (95% CI: 28 to N/A days), a difference in survival that were significantly different between the two cohorts (Log rank test p = 0.0250) (Figure 2). The Supremum test indicated that the assumption of proportional hazards was not violated (p = 0.3090), hence the Cox proportional hazard model was appropriate to analyze the comparison of High dose vs. Low Dose). Multivariate Cox regression showed that patients treated with high dose methylprednisolone, hydroxychloroquine, and azithromycin were associated 64% higher risk of in-hospital mortality compared to low dose methylprednisolone, hydroxychloroquine, and azithromycin (HR = 1.642; 95% CI 1.053 to 2.562; p = 0.0287).
[image: Figure 2]FIGURE 2 | Kaplan Meier Plot of In Hospital Survival between patients who received high dose methylprednisolone, hydroxychloroquine, and azithromycin (Blue) versus those who received low dose methylprednisolone, hydroxychloroquine and azithromycin (Red).
In patients who received hydroxychloroquine, azithromycin, and methylprednisolone, the difference between survivors versus non-survivors for IL-6 (median 13.50 pg/ml versus 17 pg/mL p = 0.12), CRP (median 12.19 mg/ml versus 13.25 mg/mL p = 0.17), and ferritin (median 799.60 ug/L versus 867 ug/L p = 0.21) were not significant. The difference between survivors versus non-survivors for d-dimer (median 1.12 mcg/mL versus 1.91 mcg/mL p = 0.0007) was significant (Table 1). In this cohort, there were 47 thromboembolic diseases. The main cause of mortality was ARDS. There were no complications associated with hydroxychloroquine or azithromycin.
TABLE 1 | Summary of Inflammatory markers by survival status of patients with severe. COVID-19 Pneumonia who received hydroxychloroquine, azithromycin, and methylprednisolone.
[image: Table 1]DISCUSSION
Combination therapy with hydroxychloroquine, azithromycin and methylprednisolone was associated with improved survival compared to methylprednisolone. There are two phases, a viral shedding phase, predominantly in the first week, followed by a hyperinflammatory phase, predominantly in the second week. These phases are not necessarily mutually exclusive. Infectious viral shedding may persist through the hyperinflammatory phase, with a median duration of 8 days and up to 15.2 days from onset of symptoms (van Kampen et al., 2021). This non-exclusivity may explain why there is added benefit to combination therapy rather than monotherapy of repurposed drugs, which typically target only one phase of the disease. Corticosteroids may still prolong viral shedding, which may be mitigated by hydroxychloroquine and azithromycin.
Therefore, timing of administration from onset of symptoms maybe important to see the efficacy of the repurposed drugs. Hydroxychloroquine with or without azithromycin maybe beneficial if given before 5–7 days from onset of symptoms. The randomized control trial of hydroxychloroquine with or without azithromycin in hospitalized patients with mild to moderate symptoms were recruited after at least 7 days from onset of symptoms (Cavalcanti et al., 2020). One of the strengths of this study is its low number of remdesivir, which has since become a standard of care (Recovery Collaborative Group et al., 2021; Gottlieb et al., 2022).
Interestingly, nursing home residents, CAD and invasive mechanical ventilation were independently associated with worse survival. Nursing home residents were associated with higher risk of death in other studies (Tang et al., 2020; Mehta et al., 2021). These maybe due to failure of recognition of disease, comorbidities, or ineffective triage early to hospitals (Mehta et al., 2021).
COVID-19 ARDS is associated with hypercoagulability. There is platelet and endothelial activation that may affect other organs and accelerate thrombotic complications in unknown and known CAD (Canzano et al., 2021). D-dimer, which is a marker of inflammation, thrombosis and hypercoagulability is most associated with persistence of symptoms and extra-pulmonary manifestations such as in multi-inflammatory syndrome in adults (MIS-A) (Patel et al., 2021). Unlike the other inflammatory markers in our study, only d-dimer was significantly different in non-survivors compared to survivors in those who received methylprednisolone, azithromycin, and hydroxychloroquine.
Interestingly, anti-platelet and anticoagulant therapy have not been associated with improved survival in those already requiring higher level of oxygen support (Chow et al., 2022; ATTACC Investigators, 2021; Goligher et al., 2021). This may be due to lung remodeling. The fibroproliferative phase of ARDS is associated with high levels of N-terminal peptide of type III procollagen (Burnham et al., 2013). This can occur as early as 72 h from the onset of ARDS (Burnham et al., 2013). There are currently no medications that directly reverse this remodeling.
Therefore, COVID-19 ARDS is not dissimilar to non-COVID-19 ARDS (Burnham et al., 2013; Brault et al., 2020; Haudebourg et al., 2020). With current strategies such as low tidal volume, neuromuscular blockers, and prone position, mortality was 34.9% (95% CI 31.4–38.5%) for mild ARDS, 40.3% (95% CI 37.4–43.4%) for moderate ARDS, and 46.1% (95% CI 41.9–50.4%) for severe ARDS (Milberg et al., 1995; Bellani et al., 2016). In our study, the common practice was to delay intubation due to shortage of mechanical ventilators and high risk of death once on invasive mechanical ventilators. Therefore, most patients already had severe ARDS once placed on mechanical ventilation. However, studies on timing to intubation did not affect mortality (Papoutsi et al., 2021; Al-Tarbsheh et al., 2022). This may be due to self-injurious lung injury in spontaneously breathing patients, that is akin to ventilator induced lung injury (Weaver et al., 2021).
Limitations
Our study has several limitations. First, it is as an observational study. We tried to limit the known confounders via propensity score matching. Second, misclassification is possible due to manual extraction for medical health records although the data was reviewed multiple times by different reviewers. Third, methylprednisolone was given to patients who were at a higher risk of dying during the first pandemic surge. It is unknown if there is any association with survival in patients who were less sick or not on invasive mechanical ventilation. Fourth, there is a limited number of patients on non-invasive mechanical ventilation. While it may prevent or delay invasive mechanical ventilation, it is still controversial whether non-invasive mechanical ventilation improves mortality since it does not prevent self-inflicted lung injury (SILI). (Tobin et al., 2020; Grieco et al., 2021; Sullivan et al., 2022).
CONCLUSION
Hydroxychloroquine, azithromycin, and methylprednisolone were associated with improved survival compared to methylprednisolone alone in hospitalized severe COVID-19 pneumonia. However, nursing home residents, CAD, and invasive mechanical ventilation were independently associated with mortality. Future implications of this study may warrant prospective studies evaluating the association of survival if hydroxychloroquine, azithromycin, and corticosteroids are given before the onset of ARDS, a symptom-based or phase-based approach to the administration of corticosteroids to hydroxychloroquine and azithromycin, or the use escalating d-dimer as biomarker for non-responsiveness to this combination.
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IL-6 13.50 (4,31) (4,781) 17 (5.543.5) (4.00,885.00) 0.1209
CRP 12.19 (6.82,18.60) (0.41,38.00) 1325 (7.8,20.8) (1.00,38.00) 01677
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Ferritin 799.60 (326,1344) (47,6451) 867 (375,1906) (40,27,548) 02072
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