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IMPORTANCE Preclinical models suggest dysregulation of the renin-angiotensin system (RAS)
caused by SARS-CoV-2 infection may increase the relative activity of angiotensin Il compared
with angiotensin (1-7) and may be an important contributor to COVID-19 pathophysiology.
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Supplemental content

OBJECTIVE To evaluate the efficacy and safety of RAS modulation using 2 investigational RAS
agents, TXA-127 (synthetic angiotensin [1-7]) and TRV-027 (an angiotensin Il type 1
receptor-biased ligand), that are hypothesized to potentiate the action of angiotensin (1-7)
and mitigate the action of the angiotensin II.

DESIGN, SETTING, AND PARTICIPANTS Two randomized clinical trials including adults
hospitalized with acute COVID-19 and new-onset hypoxemia were conducted at 35 sites in
the US between July 22, 2021, and April 20, 2022; last follow-up visit: July 26, 2022.

INTERVENTIONS A 0.5-mg/kg intravenous infusion of TXA-127 once daily for 5 days or
placebo. A 12-mg/h continuous intravenous infusion of TRV-027 for 5 days or placebo.

MAIN OUTCOMES AND MEASURES The primary outcome was oxygen-free days, an ordinal
outcome that classifies a patient’s status at day 28 based on mortality and duration of
supplemental oxygen use; an adjusted odds ratio (OR) greater than 1.0 indicated superiority
of the RAS agent vs placebo. A key secondary outcome was 28-day all-cause mortality. Safety
outcomes included allergic reaction, new kidney replacement therapy, and hypotension.

RESULTS Both trials met prespecified early stopping criteria for a low probability of efficacy.
Of 343 patients in the TXA-127 trial (226 [65.9%] aged 31-64 years, 200 [58.3%] men, 225
[65.6%] White, and 274 [79.9%] not Hispanic), 170 received TXA-127 and 173 received
placebo. Of 290 patients in the TRV-027 trial (199 [68.6%] aged 31-64 years, 168 [57.9%]
men, 195 [67.2%] White, and 225 [77.6%] not Hispanic), 145 received TRV-027 and 145
received placebo. Compared with placebo, both TXA-127 (unadjusted mean difference, -2.3
[95% Crl, -4.8 to 0.2]; adjusted OR, 0.88 [95% Crl, 0.59 to 1.30]) and TRV-027 (unadjusted
mean difference, -2.4 [95% Crl, 5.1 to 0.3]; adjusted OR, 0.74 [95% Crl, 0.48 to 1.13])
resulted in no difference in oxygen-free days. In the TXA-127 trial, 28-day all-cause mortality
occurred in 22 of 163 patients (13.5%) in the TXA-127 group vs 22 of 166 patients (13.3%) in
the placebo group (adjusted OR, 0.83 [95% Crl, 0.41t0 1.66]). In the TRV-027 trial, 28-day
all-cause mortality occurred in 29 of 141 patients (20.6%) in the TRV-027 group vs 18 of 140
patients (12.9%) in the placebo group (adjusted OR, 1.52 [95% Crl, 0.75 to 3.08]). The

frequency of the safety outcomes was similar with either TXA-127 or TRV-027 vs placebo. Author Affiliations: Author

affiliations are listed at the end of this
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CONCLUSIONS AND RELEVANCE In adults with severe COVID-19, RAS modulation (TXA-127 or
TRV-027) did not improve oxygen-free days vs placebo. These results do not support the
hypotheses that pharmacological interventions that selectively block the angiotensin Il type 1
receptor or increase angiotensin (1-7) improve outcomes for patients with severe COVID-19.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04924660
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Renin-Angiotensin System Modulation in Adults With COVID-19

espite the success of vaccines for preventing COVID-19

and the success of immunomodulatory and antiviral

drugs for treating severe COVID-19, the outcomes for
patients admitted to the hospital with COVID-19 remain
suboptimal.®” Thus, identifying new therapies for severe
COVID-19 remains an important unmet need.

SARS-CoV-2 enters pulmonary and myocardial cells
through binding of the viral spike protein to the human an-
giotensin-converting enzyme 2 (ACE2), which is a key com-
ponent of the renin-angiotensin system (RAS).® Preclinical
models suggest viral binding to ACE2 inhibits the conversion
of angiotensin II to angiotensin (1-7), thereby causing a patho-
logical imbalance in the RAS, favoring the angiotensin II path-
way (which promotes inflammation, vasoconstriction, and
thrombosis) at the expense of the angiotensin (1-7) alterna-
tive pathway (which promotes anti-inflammatory, vasodila-
tory, and antithrombotic activities).® 1

A prevailing hypothesis since early in the COVID-19 pan-
demic has been that these changes in the RAS are central to
the development of severe clinical disease in the lungs and
other organs."'* Thus, the RAS is an appealing target for
COVID-19 drug development (eFigure 1in Supplement 1). How-
ever, early trials evaluating investigational and repurposed RAS
drugs for the treatment of COVID-19 have not clearly demon-
strated efficacy,'° and whether pharmacological modula-
tion of the RAS can provide benefit for patients with severe
COVID-19 remains unclear.

To test the hypothesis that pharmacological RAS modula-
tion to potentiate the angiotensin (1-7) pathway and mitigate the
angiotensin II pathway will improve clinical outcomes among
adults hospitalized with COVID-19-associated hypoxemia, 2 pla-
cebo-controlled, randomized clinical trials were conducted
evaluating 2 potent, investigational RAS agents that increase the
relative activity of angiotensin (1-7) compared with angioten-
sin II via different mechanisms. In the TXA-127 trial, synthetic
angiotensin (1-7)%° (TXA-127) was compared with placebo. In the
TRV-027 trial, an angiotensin IT type 1 receptor-biased ligand'®-*!
(TRV-027) was compared with placebo.

Methods

Trial Oversight
The National Institutes of Health established the fourth
Accelerating COVID-19 Therapeutic Interventions and Vac-
cines (ACTIV-4) program to rapidly evaluate host response
therapies for the treatment of COVID-19.22 The multicenter AC-
TIV-4 Host Tissue platform is the component of the ACTIV-4
program focused on blinded, placebo-controlled, random-
ized clinical trials of investigational agents for hospitalized pa-
tients with COVID-19 and is funded by the National Heart, Lung,
and Blood Institute, is coordinated by Vanderbilt University
Medical Center, and is overseen by a data and safety monitor-
ing board appointed by the National Heart, Lung, and Blood
Institute and a single institutional review board at Vanderbilt
University.

The agents were investigated under US Food and Drug Ad-
ministration investigational new drug application No. 154000.
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Key Points

Question Among adults hospitalized with severe COVID-19, does
treatment with synthetic angiotensin (1-7) (TXA-127) or an
angiotensin Il type 1receptor-biased ligand (TRV-027) improve
clinical outcomes?

Findings In 2 placebo-controlled, randomized clinical trials, the
number of days alive and free from supplemental oxygen during
the 28 days after trial enroliment (oxygen-free days) was not
significantly different from placebo for TXA-127 (adjusted odds
ratio, 0.88) or TRV-027 (adjusted odds ratio, 0.74).

Meaning These findings do not support the hypothesis that
pharmacological modulation of the renin-angiotensin system with
exogenous administration of synthetic angiotensin (1-7) or
blockade of the angiotensin Il type 1receptor results in clinical
benefit for patients with severe COVID-19.

Written informed consent was obtained for all participants prior
toinitiation of the trial procedures. A master trial protocol gov-
erned multiple trials and appears in Supplement 2.

Trial Design

This report describes the first 2 ACTIV-4 Host Tissue trials
(TXA-127 vs placebo and TRV-027 vs placebo). The 2 trials ran
concurrently between July 22, 2021, and April 20, 2022, at 35
hospitals in the US (eTable 1 in Supplement 1). Each was a
blinded, placebo-controlled, randomized clinical trial com-
paring an active RAS agent (TXA-127 or TRV-027) vs placebo.
The active RAS agents (TXA-127 and TRV-027) were not com-
pared with one another.

The trials shared patients for the placebo group such that
each trial included the patients randomized to the relevant ac-
tive agent and the patients eligible for that active agent who
were randomized to placebo, regardless of which type of pla-
cebo they received. During the conduct of the 2 trials, a third
active agent, fostamatinib, was added to the platform on
November 17, 2021 (Figure 1). Some patients who received a
placebo mimic of fostamatinib were included in the placebo
groups in the TXA-127 and TRV-027 trials. The fostamatinib trial
continued enrolling patients beyond the 2 concurrent trials of
the RAS agents.

Study treatment (TXA-127, TRV-027, or placebo) was
administered in addition to usual care COVID-19 therapies
selected by treating clinicians independent of the trial proto-
col. The trial protocol did not influence treatment choices
regarding antiviral medications, immunomodulatory thera-
pies, or anticoagulation. There was no limitation on the clini-
cal use of ACE inhibitor medications in either trial. Because
TRV-027 binds at the same receptor (angiotensin II type 1
receptor) as angiotensin receptor blockers (ARBSs), patients in
the TRV-027 trial were restricted from using ARB medica-
tions during the 5-day study drug treatment course.

Patient Population

The inclusion criteria included being aged 18 years or older;
being hospitalized for COVID-19; having a positive SARS-
CoV-2molecular or antigen test; and being diagnosed with new-
onset hypoxemia, which was defined as an oxygen saturation
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Figure 1. Patient Screening, Randomization, and Participation in the TXA-127 Trial and in the TRV-027 Trial

3214 Patients hospitalized for COVID-19
and screened for enrollment

e

534 Randomizedd

T

2680 Excluded
1664 Ineligible?
640 Did not have hypoxemia
309 Had symptoms for >14 d
197 Based on clinician decision
193 Had been hospitalized >72 h
102 Not pursuing full careP
100 Undergoing kidney replacement therapy
77 Pregnant
26 Had sensitivity to the study medication
23 Had hemodynamic instability
19 Reason specific to trial
12 Left ventricular obstruction
8 Breastfeeding
8 Incarcerated
6 Enrolled in another trial for
renin-angiotensin-aldosterone system
6 Severe renal artery stenosis
511 Declined to participate
289 Not approached
216 Other reason®

| l

| |

176 Randomized to ‘

185 Randomized to receive placebo

‘ 149 Randomized to 24 Randomized to receive

receive TXA-127

receive TRV-027 fostamatinib

{

l

38 Eligible to receive 137 Eligible to receive

10 Eligible to receive
TRV-027

2 Excluded from the
primary analysis®

4 Excluded from the
primary analysis®

TXA-127 TXA-127 or TRV-027
6 Ex;luded from _the 2 Ex'cluded from 'the
primary analysis® primary analysis®
Primary analysis
for TXA-127 trial
170 Included in 173 Included in
TXA-127 group placebo group

Primary analysis
for TRV-027 trial

145 Included in 145 Included in
placebo group TRV-027 group

2 The criteria were not mutually exclusive; some potential participants met
multiple criteria for ineligibility.

®The patient, clinical team, or both, was not pursuing full medical management
(eg, a do not intubate order).

€ Included (1) the patient was to be discharged from the hospital before the
study procedures could be initiated, (2) the patient was enrolled in another
trial, and (3) the patient's situation presented logistical challenges for trial
enrollment.

d Patients eligible for more than 1 trial were randomized with equal probability
to a specific trial. Patients were randomized to active vs placebo in an m:1 ratio,
with m representing the number of trials for which the patient was eligible.
Patients randomized to placebo were included in the placebo groups of each

trial for which they were eligible. Patients randomized to receive an active
drug contributed only to the trial they were randomized. Thus, patients
randomized to receive active fostamatinib did not contribute to either the
TXA-127 trial or the TRV-027 trial, whereas patients assigned to placebo
fostamatinib were included in the placebo groups for the TXA-127 and
TRV-027 trials if they were eligible for those trials. This design with a shared
placebo group reduces the total number of patients who received placebo
while retaining a statistically efficient 1:1 active vs placebo allocation for
each trial.

¢ Did not receive the randomized study drug or were randomized but did not
meet the enrollment criteria.

as measured by pulse oximetry (Spo,) less than 92% on room
air, use of supplemental oxygen to maintain an Spo, greater
than 92%, or an increase in oxygen for patients who were re-
ceiving supplemental oxygen before COVID-19 to maintain their
baseline Spo,. A complete list of eligibility criteria appears in
eTable 2 in Supplement 1.

The exclusion criteria included having COVID-19 symp-
toms for longer than 14 days; being hospitalized for longer than
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3 days; undergoing kidney replacement therapy; having he-
modynamic instability (mean arterial pressure <65 mm Hg
or vasopressor use atarate equivalent to >0.1 pg/kg/min of nor-
epinephrine); and ARB use for the TRV-027 trial only.

Race and ethnicity were collected by self-report using mu-
tually exclusive categories provided by the trial’s case report
form. Race and ethnicity were collected to report the demo-
graphic characteristics of the trial population.
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Randomization

Patients were assessed for eligibility for each of the trials cur-
rently running on the platform at the site where they were hos-
pitalized. Study personnel entered which trial or multiple trials
that the patient was eligible for into a centralized electronic
randomization system (REDCap?3). Patient-level randomiza-
tion was conducted using permuted blocks, stratified by site
and the trials for which the patient was eligible. To accom-
plish this, each randomization block contained a multiple of
m(m + 1) assignments, with m active and 1 placebo assign-
ment for each trial. The block size multiple was either 1 or 2,
selected randomly. Patients eligible for multiple trials were ran-
domized in equal ratios to those trials.

Patients were randomized to an active agent or placebo in
an m:1ratio, with m representing the number of trials for which
the patient was eligible. Thus, a patient eligible for both the
TXA-127 and TRV-027 trials would have been randomized in
al:1ratio to TXA-127 or TRV-027 and then in a 2:1 ratio to ac-
tive vs placebo. If randomized to placebo, this patient would
have been equally likely to receive a placebo mimic of TXA-
127 or a placebo mimic of TRV-027 and would have been in-
cluded in the analytical placebo group for both the TXA-127
and TRV-027 trials (additional details appear in §6.7 of the trial
protocol; Supplement 2). This design with a shared placebo
group was selected to reduce the total number of patients who
received placebo while retaining a statistically efficient 1:1 ac-
tive vs placebo allocation.?*

Blinding

Patients, treating clinicians, and trial personnel were blinded
to active vs placebo assignment but were not blinded to the
specific trial. Thus, whether the patient was receiving study
drug on a dosing regimen consistent with TXA-127 or TRV-
027 was unblinded, but whether the study drug was active or
placebo was blinded. This design enabled blinded compari-
sons of active vs placebo for multiple trials on the same plat-
form using agents administered by different routes and dos-
ing schedules.

Trial Interventions
TXA-127 (Constant Therapeutics, LLC) activates the Mas re-
ceptor, thereby promoting anti-inflammatory, vasodilatory, and
antithrombotic activity (eFigure 1 in Supplement 1).12 TXA-
127 was administered as a 0.5-mg/kg intravenous infusion over
3 hours once daily for 5 days or until hospital discharge, which-
ever occurred first. This dose was selected based on pharma-
cokinetic data suggesting successful activation of the Mas re-
ceptor and clinical safety in prior trials.?°

TRV-027 (Trevena, Inc) produces a unique receptor confor-
mation that results in antagonism of angiotensin II activity at
the angiotensin II type 1 receptor and also triggers a B-arrestin
pathway that activates the Mas receptor.?® Thus, TRV-027 both
blocks angiotensin II signaling and activates angiotensin (1-7)
signaling. TRV-027 was administered as a 12-mg/h continuous
intravenous infusion for 5 days or until hospital discharge,
whichever occurred first. This dosing regimen was selected
based on prior data demonstrating successful angiotensin I type
1 receptor antagonism and clinical safety.?"-2°
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The matching placebo for TXA-127 and TRV-027 was 0.9%
sodium chloride (saline) administered in a regimen to mimic
dosing of the active RAS agents. Patients eligible for TXA-127,
TRV-027, or both, and who were randomly assigned to re-
ceive the placebo mimic of fostamatinib were included in the
TXA-127 trial, the TRV-027 trial, or both trials. The fostama-
tinib placebo was an oral tablet administered twice daily for
14 days.

Outcomes

The primary outcome was oxygen-free days, an ordinal out-
come that classifies a patient’s status at day 28 based on mor-
tality and duration of supplemental oxygen use. The ratio-
nale and design of this outcome was published.?® It was
calculated as 28 days minus the number of days between ini-
tiation and final liberation from new supplemental oxygen
use during the 28 days after randomization. Patients receiv-
ing long-term supplemental oxygen before COVID-19 were
classified as liberated from new supplemental oxygen when
their oxygen flow rate returned to their baseline level prior to
COVID-19. Patients who died before day 28 were coded as
having -1 oxygen-free days. Patients who started the trial
receiving new supplemental oxygen and continued with it
through day 28 were coded as having O oxygen-free days.
Hence, oxygen-free days was an ordinal outcome with 30 lev-
els, ranging from -1 to 28 days.

The 3 key secondary efficacy outcomes included 28-day
all-cause mortality; alive and free from respiratory failure
(defined as alive and not receiving high-flow nasal oxygen,
noninvasive ventilation, or invasive ventilation) at day 28;
and status on the 8-level World Health Organization COVID-19
clinical progression ordinal scale at day 28.2” The safety out-
comes included allergic reaction (including angioedema)
through day 7; undergoing new kidney replacement therapy
through day 28; and hypotension through day 7, which was
defined as a low blood pressure leading to an initiation or in-
crease in vasopressor therapy, administration of a 500-mL fluid
bolus or greater, or a pause of the study drug.

A complete list of the trial outcomes appears in eTable 3
in Supplement 1 and a list of protocol-specified exempt seri-
ous events appears in eTable 4 in Supplement 1.

Statistical Analysis

Details of the statistical approach appear in the statistical analy-
sis plan (Supplement 3). The 2 trials (TXA-127 vs placebo and
TRV-027 vs placebo) were analyzed independently. The popu-
lation for analysis included eligible, randomized patients who
received any amount of the assigned study drug, hereafter re-
ferred to as the primary analysis population.

The primary outcome, oxygen-free days, was analyzed
using a bayesian multivariable proportional odds regression
model with the assigned treatment (active study drug vs pla-
cebo) as the primary independent variable, the 30-level
oxygen-free days ordinal scale (range, -1 to 28 days) as the
dependent variable, and the following co-variables: age
group (18-30, 31-64, and >65 years), sex assigned at birth, and
baseline level of oxygen support (level 4 on World Health
Organization COVID-19 ordinal scale: standard nasal cannula
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or mask; level 5: high-flow nasal cannula or noninvasive ven-
tilation; or level 6 or 7: invasive mechanical ventilation).

A noninformative prior was used for all model param-
eters. The treatment effect on oxygen-free days was quanti-
fied using an adjusted odds ratio (OR) and a bayesian 95%
credible interval (CrI). An adjusted OR greater than 1.0 indi-
cated superiority (more oxygen-free days in the active group
than in the placebo group) and an adjusted OR less than 1.0
indicated inferiority. The efficacy probability was the poste-
rior probability that the adjusted OR exceeded 1.0. Regres-
sion diagnostics (including assessment of the proportional
odds assumption) and the sensitivity analyses were imple-
mented as described in the statistical analysis plan in Supple-
ment 3. No evidence was found that the proportional odds
assumption was violated.

Planned interim analyses were scheduled after one-third
(200 patients) and two-thirds (400 patients) of the total
planned sample size had reached ascertainment of the pri-
mary outcome. Prespecified protocol guidelines recom-
mended halting enrollment if the efficacy probability at an in-
terim analysis was less than 5%, indicating greater than 95%
posterior probability that the active drug was inferior to pla-
cebo for oxygen-free days. At the final analysis, a conclusion
of superiority was indicated if the efficacy probability ex-
ceeded 0.976, which was a threshold selected to ensure a type
T error rate of less than 2.5%.

The trials were powered based on the primary outcome of
oxygen-free days and its distribution in a recently published
COVID-19 trial.?® Prior to enrollment, a sample size of 600 pa-
tients (300 in an active group and 300 in a placebo group) was
calculated using statistical simulation to provide 85% power
to detect an OR of 1.65. An OR of 1.65 corresponds to an in-
crease of 3.1 oxygen-free days and an absolute mortality re-
duction of 7.8% in the active group compared with the pla-
cebo group. Although the minimum clinically important
difference in oxygen-free days is not definitively known, a dif-
ference of at least 2 oxygen-free days is frequently consid-
ered clinically important.2®-29-3!

Heterogeneity of treatment effect by prespecified base-
line characteristics for oxygen-free days was evaluated by add-
ing an interaction term to the primary model.3? The baseline
characteristics, including sex, age, COVID-19 vaccination sta-
tus, and respiratory support, which was classified with the
World Health Organization COVID-19 ordinal scale, and con-
comitant use of a usual care RAS medication were used to
evaluate for heterogeneity of treatment effect.

The secondary and safety outcomes were analyzed with
regression models using the same covariables as the primary
model. A gatekeeping method was used to ensure a type I er-
ror rate of less than 2.5% across the primary outcome and 3
key secondary outcomes. The key secondary outcomes were
tested in a prespecified order only if the active drug was su-
perior to placebo for the preceding outcome. Systematically
collected safety events (protocol-specified exempt serious
events) and adverse events were reported with frequency
counts and proportions.

The statistical analyses were conducted using R version
4.2.0 (R Foundation for Statistical Computing). Notwith-
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standing the described formal superiority and inferiority
assessments, estimates with a 95% CrI that excluded the null
were considered statistically significant. When the 95% CrI
excludes the null value, the posterior probability of values
more extreme than the null is less than 0.025. The widths of
the 95% Crls were not adjusted for multiplicity. For the pri-
mary outcome of oxygen-free days, missing and partially
observed data were analyzed using likelihood-based meth-
ods without imputation (details appear in the statistical
analysis plan in Supplement 3). For the mortality outcomes,
the number of patients who died among those with known
vital status was reported.

Halting Enrollment

Both the TXA-127 and TRV-027 trials were halted at the first
interim analysis due to meeting the prespecified stopping
criterion of less than 0.05 for probability of efficacy. At
the first interim analysis, the efficacy probability was
0.040 for TXA-127 and was 0.031 for TRV-027 (eTable 5 in
Supplement 1).

. |
Results

Participants

Between July 22, 2021, and April 20, 2022, a total of 3214
patients were screened and 534 were randomized (Figure 1).
The last follow-up visit occurred on July 26, 2022. Twenty-
four patients were randomized to the active fostamatinib
group and were not included in either the TXA-127 trial
or the TRV-027 trial. Of the 510 patients randomized to
either the TXA-127 trial or the TRV-27 trial, 13 were not
included in the primary analyses due to not receiving any
study drug (n = 10 where 1 patient assigned to placebo
would have otherwise contributed to both trials) or being
identified as ineligible after randomization (n = 3). This
resulted in a primary analysis population of 343 patients
(170 in TXA-127 group and 173 in placebo group) for the
TXA-127 trial and 290 patients (145 in TRV-027 group and
145 in placebo group) for the TRV-027 trial (Figure 1 and
eTable 6 in Supplement 1).

In the TXA-127 trial, 18 patients (5.2%) were between
the ages of 18 and 30 years, 226 (65.9%) were between the
ages of 31 and 64 years, and 99 (28.9%) were aged 65 years
or older. At baseline, 218 patients (63.6%) were receiving
standard-flow oxygen therapy, 100 (29.2%) were receiving
high-flow nasal oxygen or noninvasive mechanical ventila-
tion, and 25 (7.3%) were receiving invasive mechanical ven-
tilation. Patients in the TXA-127 group were older compared
with patients in the placebo group (31.2% vs 26.6% were
aged >65 years) and more were receiving invasive mechani-
cal ventilation (9.4% vs 5.2%, respectively) (Table 1 and
eTable 7 in Supplement 1).

In the TRV-027 trial, 12 patients (4.1%) were between the
ages of 18 and 30 years, 199 (68.6%) were between the ages
of 31 and 64 years, and 79 (27.2%) patients were aged 65
years or older. At baseline, 182 patients (62.8%) were re-
ceiving standard-flow oxygen therapy, 88 (30.3%) were
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Table 1. Patient Characteristics at Baseline in the TXA-127 Trial and in the TRV-027 Trial

TXA-127 trial TRV-027 trial
TXA-127 Placebo TRV-027 Placebo
(n=170) (n=173) (n = 145) (n = 145)
Demographics, No. (%)
Age group, y
18-30 11(6.5) 7(4.1) 5(3.5) 7(4.8)
31-64 106 (62.4) 120 (69.4) 100 (69.0) 99 (68.3)
265 53(31.2) 46 (26.6) 40 (27.6) 39(26.9)
Sex assigned at birth
Female 67 (39.4) 76 (43.9) 53(36.6) 69 (47.6)
Male 103 (60.6) 97 (56.1) 92 (63.4) 76 (52.4)
Race?
Asian 3(1.8) 4(2.3) 2(1.4) 3(2.1)
Black 29(17.1) 29(16.8) 25(17.2) 21(14.5)
Native American or Alaska Native 5(2.9) 1(0.6) 2(1.4) 1(0.7)
Native Hawaiian or Other Pacific Islander 0 1(0.6) 0 0
White 112 (65.9) 113 (65.3) 99 (68.3) 96 (66.2)
Other or prefer not to answer 21(12.4) 25(14.5) 17 (11.7) 24 (16.6)
Ethnicity?
Hispanic 26 (15.3) 26 (15.0) 24(16.6) 23(15.9)
Not Hispanic 136 (80.0) 138(79.8) 111 (76.6) 114 (78.6)
Other or prefer not to answer 8(4.7) 9(5.2) 10(6.9) 8 (5.5)
Medical history, No. (%)
Obesity (BMI 230°) 107 (62.9) 109 (63.0) 91(62.8) 90 (62.1)
Hypertension 85 (50.0) 91 (52.6) 68 (46.9) 69 (47.6)
Diabetes (with or without end-organ damage) 47 (27.6) 56 (32.4) 39(26.9) 40 (27.6)
Chronic kidney disease (not undergoing 22(12.9) 11(6.4) 13 (9.0) 12 (8.3)
kidney replacement therapy)
Chronic heart failure 15 (8.8) 10 (5.8) 13 (9.0) 7 (4.8)
Active cancer 13 (7.6) 14 (8.1) 10(6.9) 9(6.2)
Chronic obstructive 13(7.6) 32(18.5) 25(17.2) 25(17.2)
pulmonary disease
Supplemental oxygen use prior to COVID-19 6(3.5) 7(4.1) 6(4.1) 5(3.5)
Dementia 5(2.9) 5(2.9) 1(0.7) 5(3.5)
Cirrhosis 3(1.8) 4(2.3) 5(3.4) 2(1.4)
Medication use before COVID-19
Angiotensin-converting enzyme 7(4.1) 9(5.2) 7(4.8) 9(6.2)
inhibitor
Angiotensin receptor blocker 11 (6.5) 11(6.4) 0 0
COVID-19 characteristics
Predominant SARS-CoV-2 variant in US,
No. (%)®
Delta (prior to and including Dec 26, 2021) 108 (63.5) 98 (56.6) 103 (71.0) 89 (61.4)
Omicron (after Dec 26, 2021) 62 (36.5) 75 (43.4) 42 (29.0) 56 (38.6)
Receipt of 21 COVID-19 vaccine dose, 53(31.2) 57 (32.9) 41(28.3) 49 (33.8)
No. (%)
WHO COVID-19 clinical progression scale,
No. (%)¢
Level 4: hospitalized and receiving supplemental 100 (58.8) 118 (68.2) 84 (57.9) 98 (67.6)
oxygen by nasal prongs or mask
Level 5: hospitalized and receiving high-flow 54 (31.8) 46 (26.6) 48(33.1) 40 (27.6)
nasal oxygen or noninvasive ventilation
Level 6 or 7: hospitalized and receiving 16 (9.4) 9(5.2) 13 (9.0) 7 (4.8)
invasive mechanical ventilation alone
or with other organ support
Time from hospital admission to randomization, 1(1-2) 1(1-2) 1(1-2) 1(1-2)
median (IQR), d
Vasopressor use, No. (%)¢ 13(7.7) 10 (5.8) 12 (8.3) 8 (5.5)
(continued)
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Table 1. Patient Characteristics at Baseline in the TXA-127 Trial and in the TRV-027 Trial (continued)

TXA-127 trial TRV-027 trial
TXA-127 Placebo TRV-027 Placebo
(n=170) (n=173) (n = 145) (n = 145)
Acute in-hospital treatments for COVID-19
prior to randomization, No. (%)f
Corticosteroids 149 (87.6) 136 (78.6) 113 (77.9) 112 (77.2)
Anticoagulants? 129 (75.9) 129 (74.6) 102 (70.3) 104 (71.7)
Remdesivir 120 (70.6) 121 (69.9) 95 (65.5) 95 (65.5)
Baricitinib 25(14.7) 22 (12.7) 22 (15.2) 18 (12.4)
Tocilizumab 0 1(0.6) 0 1(0.7)

Abbreviations: BMI, body mass index; WHO, World Health Organization.
2 Self-reported using mutually exclusive categories.

® Data were obtained from the medical record for each patient.

€ Calculated as weight in kilograms divided by height in meters squared.

d Assessed at randomization. Eight-level ordinal scale representing the worst
clinical status on a given day. Level 1 was defined as ambulatory and not
hospitalized, no limitation of activities; level 2, ambulatory and not
hospitalized with limitation of activities or receiving home oxygen therapy:
level 3, hospitalized with mild disease, not receiving oxygen therapy; level 4,
hospitalized with mild disease and receiving oxygen by mask or nasal prongs;
level 5, hospitalized with severe disease and receiving noninvasive ventilation
or high-flow oxygen; level 6, hospitalized with severe disease and receiving

invasive mechanical ventilation; level 7, hospitalized with severe disease and
receiving invasive mechanical ventilation plus additional organ support with
vasopressors, kidney replacement therapy, or extracorporeal membrane
oxygenation; and level 8, dead.

€ Prior to or on the day of randomization and included use of any vasopressors
or inotropes (eg, dobutamine, dopamine, epinephrine, milrinone,
norepinephrine, phenylephrine, and vasopressin).

f Additional baseline patient characteristics and usual care in-hospital
medications before randomization appear in eTables 7-8 in Supplement 1.

8 Collected as part of the medical history questionnaire and did not distinguish
specific medications or doses.

receiving high-flow nasal oxygen or noninvasive mechanical
ventilation, and 20 (6.9%) were receiving invasive mechani-
cal ventilation. Patients in the TRV-027 group were similar in
age compared with patients in the placebo group, but more
were receiving invasive mechanical ventilation (9.0% vs
4.8%, respectively) (Table 1 and eTable 7 in Supplement 1).

Receipt of in-hospital COVID-19 treatments before random-
ization was similar between the active group and placebo group
in both trials (Table 1 and eTable 8 in Supplement 1).

Study Drug Delivery

To quantify the amount of study drug received, drug dosing
was evaluated for patients who received TXA-127 active drug
or TXA-127 placebo in the TXA-127 trial and those who
received TRV-027 active drug or TRV-027 placebo in the TRV-
027 trial. This included 262 of 343 patients in the TXA-127
trial and 224 of 290 patients in the TRV-027 trial. Among the
262 patients in the primary analysis who received TXA-127 or
its matching placebo, 164 (62.6%) received the maximum 5
daily doses. Among 224 patients in the primary analysis who
received TRV-027 or its matching placebo, 144 (64.3%)
received the maximum 5-day infusion. In both trials, the
most common reason for not receiving the full 5 days of
treatment was because of death or hospital discharge prior to
day 5 (eTables 9-10 in Supplement 1).

Primary Outcome

In the TXA-127 trial, the primary outcome of oxygen-free days
through day 28 was not statistically different in the TXA-127
group compared with the placebo group (unadjusted mean dif-
ference, -2.3 [95% CrI, -4.8 to 0.2]; adjusted OR, 0.88 [95%
Crl, 0.59 to 1.30]; posterior probability of superiority, 0.259)
(Table 2, Figure 2, and eFigure 2 in Supplement 1). In the analy-
ses to assess heterogeneity of treatment effect, the point es-
timates were similar across subgroups and none of the treat-
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ment estimates were statistically significant (Figure 3A and
eTable 11 in Supplement 1).

In the TRV-027 trial, the primary outcome of oxygen-free
days through day 28 was not statistically different in the
TRV-027 group compared with the placebo group (unad-
justed mean difference, -2.4 [95% Cr1, -5.1 to 0.3]; adjusted
OR, 0.74 [95% Cr1, 0.48 to 1.13]; posterior probability of supe-
riority, 0.083) (Figure 2 and eFigure 3 in Supplement 1). In
the analyses to assess heterogeneity of treatment effect, the
point estimates were similar across subgroups and none of
the treatment effects were statistically significant (Figure 3B
and eTable 12 in Supplement 1).

Secondary Outcomes

In the TXA-127 trial, 28-day all-cause mortality occurred in 22
of 163 patients (13.5%) in the TXA-127 group compared with
22 of 166 patients (13.3%) in the placebo group (adjusted OR,
0.83 [95% CrI, 0.41-1.66]). In the TRV-027 trial, 28-day all-
cause mortality occurred in 29 of 141 patients (20.6%) in the
TRV-027 group compared with 18 of 140 patients (12.9%) in the
placebo group (adjusted OR, 1.52 [95% CrI, 0.75-3.08]). Other
secondary efficacy outcomes did not differ between the ac-
tive drug and placebo groups in either trial (eTables 13-14 and
eFigures 4 and 5 in Supplement 1).

Safety Outcomes and Adverse Events

The percentage of patients who experienced at least 1 hypo-
tensive event through day 7 was similar for patients in the TXA-
127 group (11.2%) compared with its placebo group (12.1%) and
was also similar in the TRV-027 group (14.5%) compared with
its placebo group (11.0%). The frequency of other safety out-
comes, protocol-specified exempt serious events (eTables 15-16
in Supplement 1), and adverse events (eTables 17-18 in Supple-
ment 1) was similar between the active group and placebo group
in both trials.
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Figure 2. Primary Outcome of Oxygen-Free Days Between Randomization and Day 28 in the TXA-127 Trial and in the TRV-027 Trial
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The day of randomization was study day O. The total sample size was 343
patients in the TXA-127 trial. The total sample size was 290 patients in the
TRV-027 trial. Patients were followed up until the earlier of death or day 28. The
numbers at risk shown in panels A and B are the numbers of patients who were
not deceased, withdrawn, or lost to follow-up. The plots in panels Cand D
display the proportion of patients in each of the 30 levels (range, -1to 28 days)

of the oxygen-free days ordinal scale at day 28. The oxygen-free days outcome
demonstrated null results for TXA-127 vs placebo and TRV-027 vs placebo with
point estimates in the direction of inferiority for the TXA-127 trial (adjusted OR,
0.88[95% credible interval, 0.59 to 1.30]) and for the TRV-027 trial (adjusted
OR, 0.74 [95% credible interval, 0.48 to 1.13]).

.|
Discussion

In these multicenter, blinded, placebo-controlled random-
ized clinical trials including 510 adults hospitalized with COVID-
19-associated hypoxemia, pharmacological interventions aimed
at blocking angiotensin II and increasing angiotensin (1-7) ac-
tivity did not improve clinical outcomes, including days alive
and free from supplemental oxygen therapy (oxygen-free days)
or mortality. In these trials, RAS modulation with either syn-
thetic angiotensin (1-7) (TXA-127) or an angiotensin II type 1
receptor-biased ligand (TRV-027) did not improve the num-
ber of oxygen-free days and trended toward inferiority (worse
outcomes compared with placebo). These results suggest at-
tempting to reverse RAS imbalances anticipated from SARS-
CoV-2 infection through exogenous angiotensin (1-7) admin-
istration or blockade of the primary receptor for angiotensin I
does not provide clinical benefit.

JAMA April 11,2023 Volume 329, Number 14

SARS-CoV-2 binds to ACE2, which leads to cellular entry
of the virus and also a reduction in the conversion of host an-
giotensin IT to angiotensin (1-7).8 ! An elevated ratio of angio-
tensin II to angiotensin (1-7) has been hypothesized as a key
mechanism driving lung injury in COVID-19, and potentially
in acute respiratory distress syndrome (ARDS) from other eti-
ologies as well.'"'® Thus, there has been significant interest in
RAS modulation as a potential therapeutic approach for se-
vere COVID-19 and for ARDS generally.'-*33°> The COVID-19
pandemic presented an opportunity to evaluate RAS modu-
lation in a population of severely ill patients with lung injury
caused by a single etiology known to directly resultin RAS dys-
function (SARS-CoV-2 infection).3®

The current trial results add to the growing literature sug-
gesting RAS modulation with on-market agents, such as
ARBs, and investigational agents intended to reverse the
effects of an elevated ratio of angiotensin II to angiotensin
(1-7) do not provide benefit for patients with COVID-19.1518:37
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Figure 3. Primary Outcome of Oxygen-Free Days by Baseline Characteristics in the TXA-127 Trial

and in the TRV-027 Trial
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the TRV-027 trial).

Why this therapeutic approach has failed to demonstrate
benefit is not definitively known. One possibility is that
SARS-CoV-2 infection may not result in unopposed angioten-
sin II activity in the lung as hypothesized. The physiology of
the RAS is complex, with multiple feedback mechanisms that
could prevent SARS-CoV-2 infection from resulting in end-
organ exposure to elevated angiotensin II. For example, in a
recent postmortem study, Gerard et al*® found that patients

who died of COVID-19 ARDS had increased expression of
ACE2 in the lung and serum and increased concentration
of serum angiotensin (1-7) compared with control patients
without COVID-19. This suggests that endogenous host feed-
back mechanisms may respond to SARS-CoV-2-induced
destruction of ACE2 with increased expression of additional
ACE2, thereby rendering pharmacological RAS interventions
(eg, ARBs, TXA-127, and TRV-027) as not beneficial and
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potentially harmful. Mechanistic changes in components of
the RAS, including angiotensin II, ACE2, and angiotensin
(1-7), in response to SARS-CoV-2 infection and RAS modula-
tion therapies will be important to evaluate to gain further
understanding of COVID-19 pathophysiology and the host
response to these therapies.

The 2 trials had several strengths, including their multi-
center, blinded, placebo-controlled design, high adherence to
treatment assignment, robust collection of outcome and safety
data, use of oxygen-free days as an outcome to capture death
and lung-related morbidity, use of a shared placebo group,
bayesian stopping rules to efficiently conduct the trials, and
the evaluation of 2 agents active in the RAS pathway with dis-
tinct mechanisms.

Limitations
The 2 trials also had limitations. First, study drug administra-
tion stopped at hospital discharge, using the rationale that once
apatient had clinically improved to the point of discharge, fur-
ther RAS modulation would be unlikely to mitigate lung in-
jury. Longer treatment courses were not evaluated; however,
with outcomes trending toward inferiority, increased drug ex-
posure is unlikely to have improved outcomes. Second, the RAS
agents studied in these trials were added to usual care COVID-19
treatments, which included corticosteroids for most pa-
tients; thus, the effect of these drugs independent of other
treatments could not be evaluated.

Third, the trials were stopped at the first interim analysis
because of a probability of inferiority greater than 95% for each
active agent compared with placebo based on the primary out-

Renin-Angiotensin System Modulation in Adults With COVID-19

come. In the final analysis, which included more patients than
the interim analysis, point estimates for the primary out-
come were in the direction of inferiority for both agents but
the probabilities for inferiority were less than 95%. Thus, while
lack of benefit could be concluded with high confidence, in-
feriority of the active agents compared with placebo could not
be definitively concluded.

Fourth, halting enrollment at the first interim analysis re-
sulted in low power for the secondary outcomes. Fifth, by
chance, the active groups had more severe COVID-19 at base-
line than the placebo groups. Many of the same patients in the
shared placebo group likely contributed to both trials having
similar imbalances in the baseline characteristics. Prespeci-
fied statistical adjustment was used to mitigate the effects of
baseline imbalances and all results were adjusted for patient
age and baseline COVID-19 severity. Sixth, additional mecha-
nistic studies are indicated to understand the effect of TXA-
127 and TRV-027 on the RAS pathway; these analyses are on-
going using biospecimens collected during the 2 trials.

. |
Conclusions

Among adults hospitalized with severe COVID-19, RAS modu-
lation with either TXA-127 or TRV-027 did not improve oxygen-
free days compared with placebo. These results do not sup-
port the hypotheses that pharmacological interventions that
selectively block the angiotensin II type 1 receptor or increase
angiotensin (1-7) improve outcomes for patients with severe
COVID-19.
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