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ARTICLE INFO ABSTRACT

Keywords: Background and aims: Retrospective studies have shown that angiotensin-converting-enzyme (ACE) inhibitors are
SARS-CoV2 associated with a reduced risk of complications and mortality in persons with novel coronavirus disease 2019
Covid-19

(COVID-19). Thus, we aimed to examine the efficacy of ramipril, an ACE-inhibitor, in preventing ICU admission,
mechanical ventilation and/or mortality while also minimizing the risk of transmission and use of personal
protective equipment (PPE).

Methods: RAMIC is a multicenter, randomized, double-blind, allocation-concealed, placebo-controlled trial
comparing the efficacy of treatment with ramipril 2.5 mg orally daily compared to placebo for 14 days. The study
population includes adult patients with COVID-19 who were admitted to a hospital or assessed in an emergency
department or ambulatory clinic. Key exclusion criteria include ICU admission or need for mechanical ventilation
at screening, use of an ACE inhibitor or angiotensin-receptor-II blocker within 7 days, glomerular filtration rate
< 40 mL/min or a systolic blood pressure (BP) < 100 mmHg or diastolic BP < 65 mmHg. Patients are randomized
2:1 to receive ramipril (2.5 mg) or placebo daily. Informed consent and study visits occur virtually to minimize
the risk of SARS-CoV-2 transmission and preserve PPE. The primary composite endpoint of ICU admission,
invasive mechanical ventilation and death are adjudicated virtually.

Conclusions: RAMIC is designed to assess the efficacy of treatment with ramipril for 14 days to decrease ICU
admission, mechanical ventilator use and mortality in patients with COVID-19 and leverages virtual study visits
and endpoint adjudication to mitigate risk of infection and to preserve PPE (ClinicalTrials.gov, NCT04366050).

Mechanical ventilation
Virtual visit

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACEI, angiotensin-converting enzyme in-
hibitor; ARB, angiotensin II receptor blockers; RAAS, renin-angiotensin-aldosterone system; AKI, acute kidney injury; ITT, Intention-to-Treat; DSMB, data safety
monitoring board; GFR, estimated glomerular filtration rate; AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete
blood count; CMP, comprehensive metabolic panel; FDA, Food and Drug Administration;; IND, investigational new drug..
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1. Introduction

As of September 2020, the coronavirus disease 2019 (COVID-19)
pandemic, caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has infected more than 25 million people globally and
caused more than 800,000 deaths [1]. Therapeutic options remain
limited, especially for those with mild-moderate disease and/or in the
ambulatory setting. Thus far, only Remdesivir, and one corticosteroid,
dexamethasone, have demonstrated efficacy in preliminary published
reports [2,3]. The need for IV administration and subsequent clinical
trials demonstrating no convincing benefit limit the broad use of
Remdesivir [4]. In addition, the mortality benefit with dexamethasone
was only seen in those requiring supplemental oxygen or mechanical
ventilation. Thus, additional therapeutics are needed to decrease
morbidity and mortality of COVID-19 patients.

Among COVID-19 cases, pre-existing comorbidities such as hyper-
tension, diabetes, obesity, and cardiovascular disease are associated
with higher risk of developing severe symptoms and mortality [5].
Initially, the continued use of angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin II receptor blockers (ARBs) was controversial in
the setting of COVID-19. This controversy stems from the idea that use of
ACEIs and ARBs might increase the expression of angiotensin converting
enzyme 2 (ACE2) [6-8], the cellular receptor and necessary entry point
for SARS-CoV-2 infection [9]. Multiple clinical studies have subse-
quently demonstrated that the use of ACEIs or ARBs are not significantly
associated with increased risk of SARS-CoV-2 infection or disease
severity [10-12].

Similarly, critical review of the mechanisms contributing to SARS-
CoV-2 pathobiology support a possible benefit from ACEIs and ARBs
[13]. In vivo studies have demonstrated that ACE2 expression/activity is
down-regulated following infection with the original SARS-CoV,
resulting in excessive activation of the renin-angiotensin-aldosterone
system (RAAS), and exacerbated response to angiotensin II, including
its effects on the lungs and vasculature [14-16]. Cellular interactions
that drive COVID-19 pathobiology may result from dysregulation of
angiotensin signaling induced by effects of SARS-CoV-2 infection on
multiple cell types in the lung (e.g., epithelial cells, endothelial cells and
fibroblasts), likely mediated via Angiotensin II Receptor type 1 [17] .
Increased angiotensin signaling in these cells increases inflammation,
epithelial disruption, endothelial permeability, cell death and fibrosis. A
mechanistic rationale thus exists for the administration of ACEIs/ARBs
to blunt such pathological effects in COVID-19. Meta-analyses of
observational, retrospective studies of ACEI/ARB use in COVID-19 pa-
tients imply that these drugs may have a survival benefit without
increased risk of infection [18-20]. Therefore, administration of ACEIs/
ARBs may be beneficial by blunting these enhanced responses to
angiotensin II, thereby preventing or mitigating acute lung injury, risk of
acute respiratory distress syndrome, endothelitis, and other features of
COVID-19 [17].

Ramipril is an ACEI that is approved by the FDA for the treatment of
hypertension, to reduce the risk of heart failure and death after
myocardial infarction and to reduce the risk of myocardial infarction,
stroke, and death from cardiovascular events but has not been studied in
SARS-CoV-2 infected patients. The suppression of the RAAS pathway by
ramipril decreases tissue and circulating ACE1 activity, thereby miti-
gating angiotensin [I-mediated vasoconstrictive, pro-inflammatory, and
pro-oxidative effects. Such findings led us to design of RAMIC, a ran-
domized, double-blind, placebo-controlled trial of ramipril for the
treatment of COVID-19. Our goal was to examine the efficacy of ramipril
in preventing intensive care unit (ICU) admission, mechanical ventila-
tion and/or mortality during and after treatment for 14 days.
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2. Methods
2.1. Study design

RAMIC (ClinicalTrials.gov, NCT04366050) is a phase 2B, prospec-
tive, randomized, double-blind, allocation-concealed, placebo-
controlled, multicenter study evaluating the effect of once-daily ram-
ipril (2.5 mg orally) versus placebo for 14 days. This study is designed to
include approximately 560 adult patients with SARS-CoV-2 infection
who present to an ambulatory visit, emergency department or are hos-
pitalized outside of the ICU at up to 15 clinical sites.

The primary outcome is a composite of mortality, ICU admission or
use of invasive mechanical ventilation by day 14 (Fig. 1).

2.2. Endpoint rationale

Based on early clinical reports of a bimodal time from the onset of
symptoms to requirement for mechanical ventilation with modes at 3-4
days and 9 days, day 14 was chosen to assess the composite primary
outcome-a direct measure of clinically meaningful endpoints. In addi-
tion, this primary endpoint can be adjudicated accurately and be
assessed remotely.

2.3. Dosing rationale

A dose of 2.5 mg ramipril was chosen to balance reliable RAAS
blockade for patients who are ACEI and ARB naive and maintain safety
by minimizing the risk of hypotension and acute kidney injury (AKI) in
patients with COVID-19. Pharmacodynamic studies suggest that single
doses of 2.5 mg produce ~60-80% inhibition of ACE [21]. Given the
exploratory nature of the study there is no a priori reason to select one
ACEI over another, however, ramipril has a long safety profile and is
well tolerated at low doses making it an appropriate choice. The 2.5 mg
daily dose is comparable to initial dosing of ramipril used to treat
normotensive patients or those with controlled hypertension at risk for
major cardiovascular events [22]. Due to the short duration of the trial
and to decrease the risk of adverse events, dose titration was not
incorporated.

2.4. Study objectives and duration

In addition to the primary objective, secondary objectives evaluate
additional endpoints that include length of hospitalization, need for re-
admission, development of shock and AKI. In addition, time-to-event
data and a 28-day composite outcome will be evaluated (Table 1).
Exploratory objectives include evaluation of biomarkers of RAAS
blockade (Angiotensinogen, Ang II, ACE, ACE2, Angiotensin 1-7,
Adrenaline, Aldosterone, Renin, Prorenin) in a subset of patients and
examination for racial differences in treatment response to ramipril
based on emerging data of racial differences in COVID-19 outcomes and
existing data supporting differential response to ACEI by race [23]. The
pre-specified study follow-up is 28 days.

2.5. Sample size justification and statistical analysis

Statistical analyses will compare the primary outcomes between the
treatment and placebo arms. Given the limited preliminary data, it is not
possible to predict confidently the spontaneous or therapeutic response
rate. In the primary analysis, we assume that the 14 day mortality/ICU
admission/ventilator use of the placebo and ramipril-treatment groups
to be 22% and 12%, respectively, based on early published observa-
tional data [24] and the proportion of patients in the placebo and
ramipril-treatment groups to be 1:2. Using Whittemore’s formula, we
estimate that 510 patients—340 receiving ramipril and 170 receiving
placebo—are required to detect effects with a power 80% (or higher)
with a Type I error rate of alpha = 0.05. To account for dropout, we
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Fig. 1. RAMIC study design.

Table 1
Study objectives.

Primary objective

To examine the efficacy of ramipril 2.5 mg orally daily over 14 days versus placebo in
patients with SARS-CoV-2 infection in improving survival and reduction in need for
admission to an intensive care unit (ICU) or to receive invasive mechanical
ventilation.

Secondary objectives

Proportion of patients needing continued hospitalization at day 14

Proportion of patients needing ICU admission

Proportion of patients needing invasive mechanical ventilation

Time to mortality

Time to ICU admission

Time to discharge from the hospital

Need for hospitalization among outpatients or rehospitalization among those
discharged

Proportion of patients developing hypotension and needing pressor support

Proportion of patients developing septic shock, defined as sepsis with hypotension
requiring vasopressors to maintain MAP >65 and serum lactate >2 mmol/L after
fluid resuscitation (Sepsis-3 JAMA 2016)

Acute kidney injury defined by KDIGO guidelines, increase in serum creatinine by
>0.3 mg/dL within 48 h or increase in serum creatinine >1.5 times baseline within
7 days.

Exploratory objectives

To examine the efficacy of ramipril in improving biomarkers of the renin-angiotensin-
aldosterone axis

To examine racial differences in response to treatment with ramipril in patients with
SARS-Cov-2 infection

include an additional 10% enrollment of subjects (to 560).

The primary outcome will first be analyzed using a 2 x 2 contingency
table (treatment by outcome) and testing via Fisher’s exact test. This
analysis will be followed by logistic regression, controlling for covariates
in a stepwise fashion: logistic regression with 1) treatment group only;
2) treatment group, age and sex; 3) treatment group, age, sex and self-
reported ethnicity; 4) treatment group, age, sex and ethnicity, hyper-
tension and diabetes. We will test for significance of covariates in nested
models using Likelihood Ratio tests. Finally, we will examine time to
event with censoring (by the end of the follow-up period) using Cox
Proportional Hazards models in a similar fashion. The primary analyses
will be Intention-to-Treat (ITT) and dropouts are considered non-
responders. Per Protocol analyses excluding patients who drop out
before the week 2 evaluation will be performed as well. Secondary
outcomes will be analyzed in a similar fashion, using logistic regression
(for dichotomous outcomes), linear regression (for continuous out-
comes), and Cox models (time-to-event outcomes). Secondary analyses
will also include covariates in the regressions, including baseline hy-
pertension, diabetes, race/ethnicity, sex and age.

An interim analysis will occur after approximately 50% of the
planned enrollment of the trial and will be reviewed by an independent
data safety monitoring board (DSMB). Analysis will evaluate safety and

futility. The overall study duration is driven by time-to-target enroll-
ment and anticipated to be less than one year.

3. Study procedures
3.1. Eligibility criteria

Patients aged 18 years or older with SARS-CoV-2 infection diagnosed
with PCR within 7 days of randomization or with a clinical presentation
consistent with infection (fever or cough or shortness of breath) with
positive IgM serology who are currently hospitalized or with a visit to
the emergency department or ambulatory clinic are eligible for the
study. Key exclusion criteria include mechanical ventilation, ICU care,
estimated glomerular filtration rate (GFR) < 40 mL/min, systolic BP <
100 mmHg or diastolic BP < 65 mmHg, serum potassium >5.1 mEq/1,
pregnancy or breastfeeding. Complete inclusion and exclusion criteria
are outlined in Table 2.

3.2. Recruitment and virtual consent

Candidates for the study can undergo informed consent by video-
conference or telephone, using either a paper consent form or an elec-
tronic consent form. A paper copy of the consent form can be provided
by a health care provider caring for the patient and if using a paper
consent form, informed consent must occur in the presence of a co-
signing witness. To minimize the risk of transmission of SARS-CoV-2,
a picture of the signed consent can be sent to the study team via
secure email or an attestation can be signed by an impartial witness and
the consenter indicating that the subject agreed to participate and has
signed the documents. If a photograph is sent to the study team, it is
printed and maintained with source documents. The paper consent is
retained by the study participant. Alternatively, electronic methods may
be used to consent subjects. An electronic copy of the signed consent will
be provided to the subject (Fig. 2). Any method of electronic consent in
accordance with FDA guidance and with local institutional IRB approval
could be used. An example of an acceptable method of electronic con-
sent in this trial is DocuSign, which provides an auditable signature with
timestamp and provides all parties with electronic copies of the
completed consent form.

3.3. Study blinding

During the conduct of the study, patients and investigators are
blinded to individual treatment assignment. There is no provision for
emergency unblinding as treatment for any anticipated adverse events
(AEs) would not be affected by treatment assignment and the study drug
would be stopped. Allocation concealment was accomplished by
randomization using permuted block randomization by the UCSD
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Table 2
RAMIC inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Age > 18 years Participation in any other clinical trial of
an experimental treatment for COVID-19
(compassionate use of
hydroxychloroquine, chloroquine,
azithromycin or emergency use
authorization of remdesivir outside of a
clinical trial is allowed)

Requiring mechanical ventilation at
screening

Requiring ICU care at admission

NSAID use within 12 h of randomization
or requiring continued NSAID use during
this trial”

Currently hospitalized or with a visit
to an emergency department or
urgent care

Willing and able to provide written
informed consent prior to
performing study procedures

Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV)-2 infection
confirmed by polymerase chain
reaction (PCR) test <7 days before Alanine Aminotransferase (ALT) or
randomization aspartate aminotransferase (AST) > 5 X
OR upper limit of normal (ULN)
Clinical presentation consistent with  Estimated GFR < 40 mL/min"
SARS-CoV-2 infection (fever or History of serum creatinine >2 mg/dl in
cough or shortness of breath) with the previous 28 days
positive IgM serology
Systolic BP < 100 mm hg or diastolic BP <
65 mm hg
Hypersensitivity to an ACE inhibitor
History of angioedema
Outpatient use of ACE inhibitor or
Angiotensin II receptor blocker in the last
7 days
History of renal artery stenosis

Serum potassium >5.1 mEq/1
Pregnancy or breastfeeding

Use of aliskiren, amifostine, lithium,
sacubitril, within 7 days

@ If a participant took an NSAID prior to presentation they could still be
screened for the study and randomized 12 h after the dose of NSAID with
counseling to avoid further NSAID use.

> GFR of 40 mL/min is the threshold for dose reduction of ramipril.

A three way telephone calllvideo call between:

The ICF and HIPAA
delivered to the subject by
ED/hospital staff who would
interact with the subject as

part of clinical care

‘. Obtain attestations from the impartial witness and consenter that the
Su?:c:cp Consenterand |~ COVID subject agreed to participate and has signed the documents.
signs the
ooy witness will o
Subject | ] sign a separate
retains the copy of the ICF .| Obtain photograph of the ICF and HIPAA signed by the subject. |
forms and HIPAA

IDS (pharmacy) will receive following documents (may vary by institution according to policy):
« Copy of ICF signed by consenter and witness
- Attestation from impartial witness and consenter OR Photograph of documents signed by subject
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Investigational Drug Service. All 14 doses of study drug were dispensed
in opaque bottles for nursing administration for inpatients or self-
administration for outpatient participants.

3.4. Study assessments

Study subjects will attend a virtual information session during which
the primary consent document, and the UCSD-HIPAA forms are
reviewed, discussed and signed. Structured case report forms will be
used to review concomitant medication use, past medical history, review
and record blood tests: complete blood count (CBC with differential and
platelet count), prothrombin time, comprehensive metabolic panel
[alanine aminotransferase (ALT), aspartate aminotransferase (AST),
total serum bilirubin, alkaline phosphatase, albumin, total protein,
plasma glucose, sodium, chloride, potassium, bicarbonate, blood urea
nitrogen, creatinine, calcium], lactic acid, C-reactive protein, D-dimer,
ferritin, and procalcitonin, if available. CBC and comprehensive meta-
bolic panel (CMP) are required and will be obtained by the study if not
obtained as part of routine clinical care. Lactic acid, C-reactive protein,
D-dimer, ferritin, procalcitonin, troponin and brain natriuretic peptide
will be recorded only if available for routine clinical care. If needed, a
pregnancy test will be obtained to confirm pregnancy status. Data on
imaging, if available, will be extracted to record chest x-ray and
computed tomography results to characterize the disease severity of the
study population. Vital signs including heart rate, BP, oxygen saturation
and the use of supplemental oxygen, body temperature, and respiratory
rate will be recorded during screening and where available, on subse-
quent virtual visits. At a single study site biobanking and biomarker
assessment at baseline, day 7 and day 14 will be performed to assess
cytokines and markers of the RAAS pathway. A structured symptom
assessment, outcome assessment, review of concomitant medications,
treatment adherence and review for AEs will be performed at all study
visits. All study visits will be performed virtually by telephone or
videoconference.

B
ICF and A telephone call/video call between:
HIPAA 1. Consenter (SC)
emailed to 2. Subject

the subject 3. Subject’s relative (if requested)

Subject signs the ICF
and HIPAA via
approved method and
returns to consenter

. | Consenter signs the
ICF and HIPAA form

IDS (pharmacy) will receive following documents (may vary by institution according to policy):
Copy of ICF signed by subject and consenter

Fig. 2. Remote Consent Process for RAMIC: A) Patient receives paper consent and sends a photograph or obtains impartial witness attestations or B) electronic

consent and signature using IRB approved platform.
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3.5. Premature discontinuation of study drug

Patients meeting a primary endpoint (invasive mechanical ventila-
tion, transfer to the ICU [or death]) will stop ramipril/placebo. In
addition, patients who discontinue treatment based on toxicity rules
defined below may stop ramipril/placebo. Additional data on secondary
endpoints will continue to be collected and the schedule of events will be
completed when possible.

3.6. Post-treatment phase

At the end of the 14-day treatment phase, patients will be followed
for 14 days off-treatment until day 28. They will receive a phone visit to
assess changes in clinical status related to the primary and secondary
outcomes.

3.7. Safety monitoring

Safety will be assessed on a continuous basis. AEs are any unfavor-
able or unintended sign, symptoms or diagnosis that occurs in a study
participant independent of attribution. All AEs will be recorded on case
report forms within 72 h if the AEs meet any of the following criteria: >
Grade 3 toxicity modified from the Common Terminology Criteria
version 4.0 for this trial or those that lead to cessation of ramipril/pla-
cebo, regardless of toxicity. Dose modifications will not occur in this
trial. The DSMB will review interim data, including AEs, to ensure the
safety of participants.

3.8. Human studies and patients

This study is in full compliance with the Declaration of Helsinki and
Good Clinical Practice guidelines. The protocol has been approved by a
central institutional review board. The trial is available on clinicaltrials.
gov (NCT04366050) and approved by a Food and Drug Administration
(FDA) investigational new drug (IND) application.

4. Discussion

RAMIC initiated patient enrollment in May 2020, soon after recog-
nition of the global pandemic and amid controversy regarding the role of
ACEI and ARB in COVID-19 patients. Multiple observational studies
subsequently confirmed the absence of harm [10,24] and potential for
benefit [17,24] associated with ACEI and ARB use in COVID-19,
including a detailed review of how ACEI can modulate the deleterious
effects of the RAAS pathway in COVID-19 [25]. Such drugs could fill a
critical need for an easy to administer, inexpensive and safe treatment
for COVID-19 [17]. Innovations in the trial design include the virtual
consenting process and study visits in order to limit the risk of spread of
SARS-CoV-2 and to conserve personal protective equipment (PPE).

The primary objectives of this study are to reduce clinically impor-
tant outcomes: ICU admission, invasive mechanical ventilator use and
mortality. Decreasing ICU admission and mechanical ventilator use are
critical for conserving medical resources during surges in health care
utilization. These highly impactful outcomes can be readily adjudicated
remotely, limiting the need for in-person assessment. Additional long-
term outcomes are not defined in this protocol but if effective, ram-
ipril may mitigate potential long-term pulmonary and cardiovascular
sequelae, a possibility that will warrant further study.

The trial design leveraged guidance from the FDA to obtain informed
consent without increasing the risk of exposure. The guidance document
entitled, FDA Guidance on Conduct of Clinical Trials of Medical Products
during COVID-19 Public Health Emergency, was initially published in
March 2020. Pathways for either paper or electronic consent will facil-
itate informed consent virtually or via telephone. In addition, with clear
outcomes and utilization of a drug with a well-established safety profile,
all study visits can be performed virtually. The dose selection balances
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possible benefit, while minimizing the risk of harm. Similar doses have
been studied in normotensive patients at risk for cardiovascular out-
comes [22]. A study of an ARB, losartan, for the treatment of COVID-19
in hospitalized (NCT04312009) and ambulatory (NCT04311177) pa-
tients, will test if alternative approaches to RAAS blockade are beneficial
in COVID-19 patients. Future studies may be required to evaluate higher
doses of RAAS blockade and use in patients with more advanced disease
who are excluded from this study.

Design and implementation of a clinical trial during a rapidly
evolving pandemic presents unique challenges for recruitment including
consideration of competing therapeutic trials and the evolving standard
of care. Due to limitations on face-to-face contact, the study team
leveraged secure videoconference with the investigator, study coordi-
nator and prospective patients to address patient concerns and increase
participant comfort with the study team. Furthermore, many institutions
established committees to review clinical trials and limit potentially
overlapping trials, which, in some instances, delayed site initiation.
Implementation of the trial required coordination among investigators
for multiple trials to prevent overlapping enrollment. Future trials can
leverage the innovation electronic consent process outlined in FDA
guidance and operationalized in this trial (Fig. 2), along with secure
video conference to facilitate enrollment and minimize the burden of
patient visit.

5. Conclusions

RAMIC is a clinical trial designed to study the efficacy of an ACEI,
ramipril, to decrease ICU admission, requirement for mechanical
ventilation and death. This study repurposes a drug with longstanding
safety data and a putative mechanistic hypothesis for benefit in COVID-
19. By obtaining informed consent virtually and performing virtual
study visits, RAMIC minimizes exposure and resource utilization. The
results should provide valuable information regarding the efficacy of
ACEI in reducing morbidity and mortality in COVID-19 patients.
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