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Rationale: Coronavirus disease 2019 (COVID-19) can cause disruption of the renin-angiotensin system in the lungs, possibly contributing to pulmonary capillary leakage. Thus, angiotensin receptor blockers (ARBs) may improve respiratory failure.

Objective: Assess safety of losartan for use in respiratory failure related to COVID-19 (NCT04335123).

Methods: Single arm, open label trial of losartan in those hospitalized with respiratory failure related to COVID-19. Oral losartan (25 mg daily for 3 days, then 50 mg) was administered from enrollment until day 14 or hospital discharge. A post-hoc external control group with patients who met all inclusion criteria was matched 1:1 to the treatment group using propensity scores for comparison.

Measures: Primary outcome was cumulative incidence of any adverse events. Secondary, explorative endpoints included measures of respiratory failure, length of stay and vital status.

Results: Of the 34 participants enrolled in the trial, 30 completed the study with a mean age SD of 53.8 ± 17.7 years and 17 males (57%). On losartan, 24/30 (80%) experienced an adverse event as opposed to 29/30 (97%) of controls, with a lower average number of adverse events on losartan relative to control (2.2 vs. 3.3). Using Poisson regression and controlling for age, sex, race, date of enrollment, disease severity at enrollment, and history of high-risk comorbidities, the incidence rate ratio of adverse events on losartan relative to control was 0.69 (95% CI: 0.49–0.97)

Conclusions: Losartan appeared safe for COVID-19-related acute respiratory compromise. To assess true efficacy, randomized trials are needed.
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INTRODUCTION

Since emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), responsible for COVID-19, the global clinical and research community put forth great efforts to evaluate potential therapeutics. Particular attention has been given to repurposing previously developed or approved drugs with plausible mechanisms of benefit to expedite trials given the widespread and significant burden of this disease (1–3). A key question in treating COVID-19 is how to mitigate the development of respiratory failure–one potential answer is the use of angiotensin receptor blockers (ARBs).

Arguments against or for use of ARBs during COVID-19 were published in several opinion pieces (4–6). On the other hand, the premise for ARB use is based on scientific data assembled in multiple models of viral pneumonia. Like some other coronaviruses including SARS-CoV and HCoV-NL63 (7), SARS-CoV-2 infects cells by binding to angiotensin-converting enzyme 2, or ACE2 (8, 9), a protein expressed in the lung (10). The enzyme is thereby downregulated, causing dysregulation of the renin-angiotensin system that results in more angiotensin II (11) and less angiotensin-(1–7) (a vasodilator) (12, 13). This imbalance is expected to increase activation of the angiotensin II type I receptor (AT1R), located on type II alveolar cells, shown to mediate pulmonary capillary leak and alveolar damage (14, 15). In fact, elevated serum levels of angiotensin II in subjects with COVID-19 are correlated with higher viral load, disease severity, and respiratory failure (16, 17). However, these levels were outside the physiological range and determined using unvalidated assays, questioning these conclusions (18).

AT1R blockade or knockdown, while not consistent across all studies, was reported to be associated with decreased lung injury in some murine models of lung injury (12, 13). Furthermore, multiple publications showed no adverse effect of ARBs on plasma ACE2 activity (19–21). While some studies did not show any change in cellular expression of ACE2 with AT1R blockade (22, 23), others reported that AT1R blockade can increase ACE2 in renal and cardiac tissues of animal models (24–26). The latter could raise concerns about the possibility of increased viral entry and worse outcomes in COVID-19. However, perhaps paradoxically, ACE2 upregulation may be beneficial due to upregulation of angiotensin-(1-7) production as shown in at least one disease model (27). The possible benefit of ARBs for COVID-19 is also supported by multiple retrospective studies showing that patients on chronic ARB or ACE inhibitor therapy had similar or even less severity of disease (28–33). In addition, two recent randomized trials, BRACE-CORONA and REPLACE COVID, found that continuation of ACE inhibitors and ARBs was not associated with worse outcomes in hospitalized patients with COVID-19 (34–36). Furthermore, ARBs have anti-inflammatory properties, independent of their angiotensin receptor blocking ability (37–40).

Given the evidence supporting the potential benefit of ARBs in COVID-19, we conducted a single arm, open-label, externally controlled trial to determine the safety of using losartan de novo to treat respiratory failure caused by COVID-19. There is one preprint evaluating the use of ARBs to treat COVID-19 (NCT04355936), showing possibly positive results (41).



METHODS


Trial Design and Oversight

We designed a single arm, open-label, dose-escalation trial of losartan in COVID-19. The trial was approved by the University of Kansas Medical Center Institutional Review Board and overseen by an independent data and safety monitoring board (DSMB). All participants underwent informed consent prior to study procedures. An interim safety analysis was done after five participants and 30 participants completed the study. As this study's primary outcome was safety no sample size calculations for efficacy were completed prior to enrollment. An investigational new drug exemption was obtained from the Food and Drug Administration for the use of losartan in this trial (NCT04335123). The full protocol can be found in the supplement.



Participants

Consecutive admissions to the University of Kansas Hospital were screened for enrollment. Inclusion criteria included: >18 years of age, admission to the University of Kansas Hospital, a history of SARS-CoV-2 infection by polymerase chain reaction (PCR) and respiratory failure (supplemental oxygen use or a pulse oximetry reading of <94% on ambient air). Exclusion criteria included: pregnancy, use of ACE inhibitor or ARB prior to admission, chronic use of medications known to interact with losartan (non-steroidal anti-inflammatory drugs, potassium supplementation and aliskiren), prior intolerance to ARBs, respiratory failure due to a process other than COVID-19, kidney failure (creatinine clearance <30 ml/min or urine output <20 ml/h), serum potassium level >5.5 mmol/L, known renal artery stenosis, hypotension (systolic blood pressure >90 mmHg and diastolic blood pressure >60 mmHg; or for those on mechanical ventilation, a dose of norepinephrine >0.1 μg/kg/min (given the hemodynamic effects associated with sedation), history of left ventricular ejection fraction <35%, hepatic dysfunction (liver function tests >5 times upper limit of normal), meeting all inclusion criteria for >48 h prior to enrollment or other neurologic, psychiatric, neoplastic or endocrinologic disease judged by the investigator to interfere with participation in the trial.



Study Procedures

Following informed consent, participants received 25 mg of losartan once daily for 3 days which, if not halted due to predefined criteria (see exclusions), was increased to 50 mg once daily. Losartan was continued for up to 14 days, until hospital discharge or if pre-defined parameters for holding losartan were met, whichever occurred first. Pre-defined parameters for holding losartan included the exclusion criteria listed above plus onset of skin rash without clear explanation or any change in monitoring parameter deemed significant and potentially related to losartan. If holding criteria parameter(s) improved during the study period, and were not felt to be related to medication, losartan was restarted at 25 mg once daily with dose escalation to 50 mg once daily. Study team members assessed daily clinical endpoints and protocol-defined adverse events (Supplementary Table 1). Laboratory monitoring was completed daily as per routine clinical care.



Cytokine Analysis

Plasma samples were obtained at enrollment and study exit for cytokine analysis. They were aliquoted and stored at −80°C. Plasma levels of interleukin-6 (IL-6), interleukin-8 (IL-8) and tissue necrosis factor alpha (TNF-α) were measured by automated ELISA (ELLA microfluidic analyzer, ProteinSimple, San Jose, California USA). Samples were analyzed in triplicate with mean values used for analysis.



Outcome Measures

The primary endpoint was the cumulative number of adverse events. Secondary, explorative endpoints included incidence of individual adverse events, days requiring supplemental oxygen during the study period, incidence of mechanical ventilation, days on mechanical ventilation during study period, intensive care unit (ICU) length of stay, hospital length of stay and vital status at hospital discharge. Additionally, the change in levels of cytokines were measured as an exploratory endpoint.



Post-hoc, External Controls

A group of patients hospitalized at the University of Kansas Hospital with a confirmed diagnosis of COVID-19 were used as an external control group. This included a historical group of patients, who were admitted prior to the beginning of trial enrollment, and a parallel group of patients, who were admitted during the trial enrollment period but declined participation. All patients in the external control group met only all inclusion criteria. These patients were identified retrospectively, and their clinical data obtained through chart review. Data were collected from the date of admission through day 14 or hospital discharge, whichever occurred first. Adverse events and determination of clinical endpoints were assessed in a manner identical to those enrolled in the trial.



Statistical Analysis

Before analysis, we used 1:1 nearest neighbor matching based on propensity scores to account for imbalance between the external control and losartan groups. The propensity score model was chosen based on graphical assessments of balance and overlap from a range of potential models and matching methods. This resulted in a final sample size for analysis of 60, with 30 in both the losartan and control group. The primary outcome was analyzed using a Poisson regression model with an offset for time in the study. The model was adjusted for age, sex, race, and history of high-risk comorbidities (obesity, hypertension and diabetes) as well as severity of disease which was determined by the type of oxygen support the subject received on the date of admission (room air, nasal cannula, non-invasive ventilation, invasive ventilation).

Model fit was assessed through diagnostic plots and 95% confidence intervals were calculated for all parameter estimates. Due to the relatively small sample and retrospective control group and as a sensitivity analysis, we re-analyzed the primary outcome using Bayesian Poisson regression models with skeptical priors. For the primary outcome we used a model with normal priors for the effect of losartan, N(0,0.50), and for all other covariates N(0,1). The prior for losartan is centered at 0, no effect, and on the incidence rate ratio scale put 95% of the prior probability on values between 0.38 and 2.67: this will essentially shrink large effects closer to 0. We also re-fit both the Poisson and Bayesian Poisson models with an effect for having received other effective COVID-19 therapies (remdesivir and dexamethasone) at any point during their admission.

Days requiring supplemental oxygen, days requiring mechanical ventilation, length of stay in the ICU and hospital length of stay were analyzed using Poisson regression models with the same covariates and priors as the primary endpoint (no offset was used for overall length of stay). Odds of progression to mechanical ventilation (binary) and vital status (alive or dead, binary) at discharge were analyzed using logistic regression models with the same covariates as the primary endpoint. For incidence of mechanical ventilation, those who entered the study on mechanical ventilation were excluded from analysis and we also included an indicator variable (before/after date of first enrollment in losartan group) given potential changes in the threshold for escalation to mechanical ventilation over time. For the exploratory endpoint of change in plasma cytokine levels, a Wilcoxon signed-rank test was used. All analyses were conducted using R (R Core Team), Stan (42), rstanarm (43), or Prism (GraphPad Software, San Diego CA, USA).




RESULTS


Participants and Non-randomized Controls

Beginning April 2nd, 2020, consecutive admissions with suspected or confirmed COVID-19 were screened for enrollment (Figure 1). Of 44 patients who met eligibility criteria, 34 were prospectively enrolled in the trial. There were 30 participants who completed the study. Reasons for not completing the study included: development of exclusion criteria after enrollment (2), withdrawal due to participant choice (1) and change in goals of care to comfort only (1). For external controls, 118 other COVID-19 patients were identified who were hospitalized prior to and during the trial, had a positive SARS-CoV-2 PCR test and were not enrolled in the losartan group. Of these patients, 46 met all inclusion criteria, and using propensity score matching we kept 30 of these 46 patients as the final control group. For both participants and non-randomized controls, data from subsequent admissions was not collected.


[image: Figure 1]
FIGURE 1. Screening and enrollment. Out of 347 admissions screened, 44 met criteria for enrollment into the losartan group. Of the 34 participants that were enrolled into the trial, there were 30 who completed the study. Two participants were withdrawn for development of exclusion criteria after informed consent (hypotension and prior use of ACE inhibitor or ARB that was not known on enrollment), one chose to withdraw and one changed goals of care. A total of 30 participants completed all study procedures.


There were differences in baseline characteristics between groups (Table 1). The losartan group had greater proportions of chronic respiratory disease (47 vs. 7%), and a larger number of White patients were in the losartan group (50 vs. 20%). Adjunct therapies were quantified between groups. A higher proportion of those in the losartan group received remdesivir (7/30 vs. 0/30). The frequency of other COVID-19 therapies including hydroxychloroquine, tocilizumab and lopinavir/ritonavir was approximately balanced between groups (Supplementary Table 2).


Table 1. Baseline demographics and clinical characteristics.

[image: Table 1]

Interim review by the DSMB found no safety concerns after five and allowed for completion of the study after the second review; 30 participants completed study procedures.



Primary Outcome

A greater proportion of those in the control group experienced at least one adverse event (29/30, 97% vs. 24/30, 80%; Figure 2, Table 2). Controlling for age, sex, race, date of and severity of disease at enrollment, and history of high-risk comorbidities, we estimated the incidence rate ratio of adverse events relative to the comparator group (IRR—losartan relative control) to be 0.69, 95% confidence interval (0.49, 0.97) (Table 2). In the Bayesian Poisson sensitivity analysis, we estimated the IRR to be 0.72, with 95% credible interval (0.50, 0.96; Supplementary Table 3). Additionally, the Bayesian model allowed us to calculate the posterior probability that the losartan group had a lower adverse event rate (i.e., IRR < 0), something the frequentist approach does not allow: the posterior probability that losartan was effective at reducing adverse events was 98%.


[image: Figure 2]
FIGURE 2. Adverse events. Sample proportion means and 95% confidence intervals of adverse event rates between losartan and control groups. There was a greater proportion of those in the losartan group experiencing no adverse events (20 vs. 3.3%).This analysis was adjusted for age, sex, race, disease severity at enrollment (ambient air, nasal cannula, non-invasive ventilation or invasive ventilation), presence of high-risk comorbidities with an offset for number of days in the study. There was no adjustment for duration or severity of adverse events.



Table 2A. Primary outcome model.
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Table 2B. Proportion of subjects experiencing number of adverse events.
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Secondary Outcomes

The mean number of adverse events per patient was 2.2 on losartan vs. 3.3 in controls. Additionally, there were more participants in the losartan group who experienced 0 adverse events compared to controls (6/30 vs. 1/30) and fewer participants in losartan relative to control who experienced seven adverse events, the highest observed, 0/30 vs. 2/30 (Figure 2). There was also evidence of different proportions of specific adverse events (Figure 3), with those in the losartan group experiencing fewer adverse events on all specific types except for elevated creatinine (30% losartan vs. 23% control). The largest difference was with the proportion of elevated aspartate aminotransferase (33% losartan vs. 63% control). However, only the difference in the proportion of AST adverse events reached statistical significance and is of unclear clinical significance.


[image: Figure 3]
FIGURE 3. Type of adverse events. Sample proportions means and 95% confidence intervals of individual adverse event proportions among participants. Adverse events were assessed daily and classified per protocol. Aside from elevated creatinine (30 vs. 23%), the estimated event proportions for losartan were lower for each individual adverse event. There was a significantly lower estimated proportion of the adverse event elevated aspartate aminotransferase (AST) 33 vs. 63% (p = 0.04) in the losartan group compared to control.


After controlling for age, sex, race, severity of disease, history of high-risk comorbidities and date of enrollment, we did not observe a strong effect on incidence of mechanical ventilation, length of stay in the ICU, overall hospital length of stay, days requiring supplemental oxygen, days requiring mechanical ventilation or mortality status at the end of study. However, the effect of losartan was estimated to be beneficial on all these endpoints. For instance, the incidence of death (1/30 vs. 3/30) and of mechanical ventilation (2/17 vs. 5/17) was lower in losartan relative to control; however, the event rates were too small and thus our estimates were too imprecise to draw conclusions.

There were five participants who met criteria for holding losartan due to: elevated creatinine (3), elevated aminotransferases (1) and hypotension (1). Of those five participants, four were able to tolerate resumption of losartan and reached the target dose of 50 mg.



Plasma Cytokine Levels

There were 27 participants in the losartan group with study plasma samples at enrollment and end of study available for analysis. A significant decrease in plasma levels of IL-6 (p = 0.003) occurred during the study period while levels of IL-8 and TNF-α remained relatively unchanged. No plasma was collected from the control group (Supplemental Figure 1).




DISCUSSION

In this open label, non-randomized trial which utilized an external, post-hoc control group, we evaluated the safety of using losartan to treat respiratory failure related to COVID-19. We found that the rate of adverse events was significantly less in those treated with losartan compared to an external control group.

The results of our study are in line with multiple observational studies demonstrating that prior use of ACE inhibitors and ARBs were not associated with worse outcomes in COVID-19, which was a concern early during the pandemic (32, 44). In addition, they are consistent with a preprint indicating that telmisartan might be beneficial for patients, even though these outcomes were length of stay and related to inflammatory parameters with no difference in escalation to mechanical ventilation (41). The results also align with those of the BRACE-CORONA REPLACE COVID trials, which found that continuation of ACE inhibitors and ARBs, vs. cessation, was not associated with worse outcomes in those hospitalized with COVID-19 (34–36).


Limitations

There are several limitations to consider when interpreting the results of our study, foremost the use of external controls and lack of randomization. Utilizing an open label design with external controls allowed us to address, in a timely manner, a clinically relevant concern regarding the safety of ARBs in COVID-19. The external controls included a historical and parallel group, and while propensity score-based matching resulted in better balance and overlap, we still had imbalance on several variables and did not achieve perfect overlap. Additionally, as external controls may have met some exclusion criteria, some degree of selection bias still remains. To mitigate this fact, we utilized multivariable models to adjust for baseline characteristics and factors that are known to be associated with worse outcomes in COVID-19 (45–47). We also performed many sensitivity analyses and observed small differences between these models and the original analysis. However, despite these attempts, there is potential for confounding and/ or bias in the estimated effects. It is also unclear what effect collider bias had on the incidence of adverse events since many of them are known to be caused by COVID-19 (48). Additionally, there may be a time-dependent bias given that enrollment occurred at different time points in participants disease process which was not accounted for in the final analysis.

After our trial began, remdesivir and dexamethasone demonstrated efficacy in improving outcomes in COVID-19 (49, 50). There was a higher frequency of use of remdesivir in the losartan group with approximate balance for dexamethasone (Supplementary Table 2). When adjusting for this, the variation in our estimates increased, but the actual point estimates were largely unchanged as seen in Supplementary Table 3 (50). This is possibly consistent with newer data finding little effects of remdesivir in more advanced disease (51).

We chose to use 50 mg as the target dose of losartan. While this dose is commonly used for hypertension, it is possible that higher doses could be more efficacious when treating respiratory failure in COVID-19. Pharmacokinetic studies in healthy volunteers at higher doses have demonstrated that twice daily dosing provides more effective blockade of AT1R to help restore the equilibrium between the Ang II and angiotensin-(1-7) pathways thus attenuating lung injury caused by SARS-CoV-2 (52, 53). Given its alternative mechanisms of action, demonstrated safety and ease of access, losartan remains a potential adjunct therapy for the treatment of respiratory failure related to COVID-19. In fact, there are ongoing randomized controlled trials evaluating losartan in patients with COVID-19 that are designed and powered to detect evidence of efficacy if present (NCT04312003, NCT04311177).
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