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Background and aims: Cardiometabolic disease may confer increased risk of adverse outcomes in COVID-
19 patients by activation of the aldose reductase pathway. We hypothesized that aldose reductase in-
hibition with AT-001 might reduce viral inflammation and risk of adverse outcomes in diabetic patients
with COVID-19.
Methods: We conducted an open-label prospective phase 2 clinical trial to assess safety, tolerability and
efficacy of AT-001 in patients hospitalized with COVID-19 infection, history of diabetes mellitus and
chronic heart disease. Eligible participants were prospectively enrolled and treated with AT-0011500 mg
BID for up to 14 days. Safety, tolerability, survival and length of hospital stay (LOS) were collected from
the electronic medical record and compared with data from two matched control groups (MC1 and MC2)
selected from a deidentified registry of COVID-19 patients at the same institution.
Results: AT-001 was safe and well tolerated in the 10 participants who received the study drug. In-
hospital mortality observed in the AT-001 group was 20% vs. 31% in MC1 and 27% in MC2. Mean LOS
observed in the AT-001 group was 5 days vs. 10 days in MC1 and 25 days in MC2.
Conclusions: In hospitalized patients with COVID-19 and co-morbid diabetes mellitus and heart disease,
treatment with AT-001 was safe and well tolerated. Exposure to AT-001 was associated with a trend of
reduced mortality and shortened LOS. While the observed trend did not reach statistical significance, the
present study provides the rationale for investigating potential benefit of AT-001 in COVID 19 affected
patients in future studies.

© 2021 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

An outbreak of viral pneumonia in Hubei province China in
December 2019 led to the identification of a novel coronavirus
(SARS-CoV-2, subsequently renamed as COVID-19) as the etiologic
agent [1e4]. By the end of 2020, over 100 million COVID-19 cases
and 4 million deaths have been reported worldwide. Severe man-
ifestations of COVID-19 infection occur more frequently in patients
with co-morbid obesity, diabetes, hypertension and heart failure.
Cardiometabolic disease may confer increased risk of severe
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disease in COVID-19 by upregulation of the nucleotide-binding
oligomerization domain (NOD), leucine-rich repeatecontaining
receptor (NLR) family pyrin domain-containing 3 (NLRP3) inflam-
masome pathway and induction of trained innate immunity with
increased risk of hyperinflammatory response to COVID-19.

Aldose Reductase, the rate-limiting step of the polyol pathway,
plays a critical role in mediation of oxidative tissue damage in
setting of inflammation induced by infection or ischemia and may
contribute to NLRP3 inflammasome activation in diabetic patients
with COVID-19 [5e10]. In addition to its mediatory role in cardiac
dysfunction and ischemic injury, increased aldose reductase ac-
tivity exacerbates lung inflammation in an experimental model of
sepsis [11]. Taken together these studies provide strong rationale
for testing the beneficial effects of aldose reductase inhibitors in
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COVID19 patients. AT-001 (caficrestat) is a selective inhibitor of
aldose reductase enzymatic activity that decreases biomarkers of
myocardial stress and is currently being studied in a Phase 3 global
registrational study in patients with diabetic cardiomyopathy
(ARISE-HF) [12e14]. We hypothesized that aldose reductase inhi-
bitionwith AT-001 (caficrestat) might represent a novel therapeutic
approach to reduce risk of adverse outcomes in diabetic patients
with COVID-19.

In order to assess the therapeutic potential of aldose reductase
inhibition with AT-001 (caficrestat) in COVID-19, we conducted an
open-label prospective phase 2 clinical trial to assess safety and
tolerability of AT-001 (caficrestat) treatment in patients hospital-
ized with COVID-19 infection and history of diabetes mellitus and
heart disease. The study design prospectively included selection of
matched controls from a contemporaneous registry of COVID-19
patients hospitalized at the same institution.

2. Methods

Subject selection. Adults with diabetes mellitus, and history of
hypertension, coronary artery disease, or heart failure, and COVID-
19 infection requiring hospitalization at New York University Lan-
gone Health (NYULH) Hospitals were eligible for enrollment in the
prospective open-label clinical trial. Diabetes mellitus was defined
as history of diabetes mellitus documented in themedical record or
blood glucose level >126 mg/dl during the index hospitalization.
COVID-19 infection was confirmed by laboratory RT-PCR testing.
Key exclusion criteria included inability to take study drug by
mouth or nasogastric tube, participation in another FDA-regulated
investigational drug placebo-controlled clinical trial within previ-
ous 30 days, and women of childbearing potential. The study pro-
tocol was approved by the institutional review board of New York
University Grossman School of Medicine. All participants provided
written informed consent prior to initiation of study procedures.
The study was registered as a clinical trial on the clinicaltrials.gov
website (Identifier NCT04365699) prior to the start of enrollment.

Study Design. The study was designed as a prospective open-
label clinical trial to assess safety, tolerability and efficacy of AT-
001 (caficrestat) in hospitalized patients with COVID-19. To mini-
mize risk to participants and study personnel during the COVID-19
pandemic, study procedures were conducted remotely. Subject
eligibility was determined by review of the electronic medical re-
cord. After informed consent was obtained, AT-001 (caficrestat)
1500 mg twice daily was administered by mouth or nasogastric
tube for up to 14 days. The electronic medical record was used to
extract information on demographics, co-morbid medical condi-
tions, COVID-19 complications, adverse events, hospital discharge
and transfer information. For patients discharged home before
completion of 14 days of AT-001 (caficrestat) treatment, the study
drug regimen was completed at home with remote adverse event
monitoring conducted by telephone interview. The World Health
Organization COVID-19 ordinal scale for clinical improvement sta-
tus was determined at 30 days after the last dose of study drug. The
study design prospectively planned analysis of matched control
subjects of patients hospitalized with COVID-19 infections at the
study enrollment sites. Clinical data related to an index hospitali-
zation for COVID-19 infection for matched control subjects were
extracted from a deidentified data registry.

Study drug administration. AT-001 (caficrestat) 500 mg cap-
sules were provided by the Sponsor (Applied Therapeutics Inc.,
New York NY), and stored and distributed by the NYULH Investi-
gational Pharmacy. After confirmation of written informed consent
and participant eligibility, an electronic order was placed by the site
Principal Investigator (SDK and JG). The Investigational Pharmacy
dispensed a 14-day supply of AT-001 (caficrestat) 500 mg capsules
2

to the inpatient hospital unit. A dose of AT-001 (caficrestat)
1500 mg (3 capsules) were administered by mouth twice daily for
up to 14 days per discretion of the investigators and treatment
team. If hospital discharge occurred prior to completion of treat-
ment, the remaining supply of AT-001 (caficrestat) capsules were
given to the participant at the time of discharge with instructions
for self-administration post-discharge. Study drug administration
was tracked in the electronic medical record prior to discharge, and
by daily telephone contact post-discharge.

Data Analysis. To provide observational control data in hospi-
talized COVID-19 patients not treated with AT-001 (caficrestat),
matched controls from a contemporaneous de-identified registry of
hospitalized patients with clinical COVID-19 diagnosis at the same
institution were selected according to two matching strategies
based on ICD-10 billing codes and clinical characteristics. As of
February 15, 2020, the NYULH registry database had captured data
on approximately 43,000 patients with COVID-19 diagnosis hos-
pitalized in the NYULH Tisch and NYULH Long Island Hospitals
(11,563 patients with at least one inpatient encounter diagnosis for
diabetes mellitus, and 3608 patients with at least one inpatient
encounter diagnosis for hypertension). There were 1931 patients
with history of diabetes mellitus, 559 patients with history of hy-
pertension, and 190 patients with history of both diabetes mellitus
and hypertensionwho also had available data tomatch participants
who received AT-001 (caficrestat). The first matching approach
selected all subjects in the registry with diabetes mellitus and hy-
pertension, and available data to match participants who received
AT-001 (caficrestat) for gender, age group (in bins of 5 years),
weight, and C-reactive protein (CRP) value at the time of hospital
admission. The second matching approach selected all subjects in
the registry with diabetes mellitus and available data to match
participants who received AT-001 (caficrestat) for gender, age
group (in bins of 5 years), and weight ±0.5 kgs interval. Each
participant in the prospective AT-001 (caficrestat) study had more
than one matching control group patient. There was no specific
hierarchy of selection for the matches, as the variables were
considered as independent of each other. Descriptive statistics are
reported for the participant prospectively collected data and
retrospective data from the matched cohorts. The median length of
stay with its 95% confidence interval for participants who receive
AT-001 (caficrestat) and matched control subjects and the between
group difference inmedian of length of staywith its 95% confidence
interval (using the Hodges-Lehmann estimate of location shift) for
the AT-001 (caficrestat) and the control groups are reported.

3. Results

Study cohort. Between April 2020 and December 2020, 10 pa-
tients hospitalized at NYULH Tisch and NYULH Long Island hospi-
tals for COVID19 infectionwere enrolled in the prospective trial and
received open-label treatment with AT-001 (caficrestat). All par-
ticipants in the prospective study had history of diabetes mellitus
and hypertension, and were treated with supplemental oxygen.
Based on the two sets of matching criteria described in the
methods, 16 and 55 patients were identified for matching control
groups 1 and 2, respectively. Table 1 summarizes demographic and
clinical characteristics of the prospective clinical trial participants
and two control groups.

Study drug safety and tolerability. Five of the 10 participants in
the prospective clinical trial completed >80% of scheduled 28 doses
of AT-001 (caficrestat), with overall mean of 15 completed doses.
AT-001 (caficrestat) treatment was discontinued early due to
adverse events not related to study drug in two participants, due to
mild-moderate grade adverse events possibly linked to study drug
in three participants (nausea/GI upset (n ¼ 2) and localized skin

http://clinicaltrials.gov


Table 1
Summary of demographics and clinical characteristics of participants in the prospective clinical trial, and two matched control groups. Data are presented as percentage,
mean ± standard deviation, or median (interquartile range).

All patients

AT-001 (N ¼ 10) Control group 1 (N ¼ 16) Control group 2 (N ¼ 55)

Age (years) 66.4 ± 6.6 65 ± 7.7 64.5 ± 5.3
Male sex (%) 80 87.5 80
Weight (kg) 86.8 ± 16.2 93.3 ± 9.5 88.3 ± 12.7
C-Reactive Protein (mg/dl)a 52.5 (7.7; 176.5) 79.2 (8.3; 183) 60.7 (7.9; 110.5)

a For patients with available C-Reactive Protein value available at hospital admission.

Table 2
Summary of hospital length of stay (LOS) data in participants enrolled in the prospective clinical trial of AT-001 and two groups of matched control subjects. LOS and estimated
differences in LOS data are shown as median (95% Confidence Intervals) and are presented in number of days.

All Subjects Surviving Subjects

AT-001 Match 1 Match 2 AT-001 Match 1 Match 2

N 10 16 55 8 11 40
Median LOS (95% CI) 5 (4, 29) 10 (5, 20) 25 (16, 36) 5 (4, 35) 6 (4, 85) 17 (7, 39)
Estimated difference in median LOS e 1.5 (�2, 12) 14 (1, 36) e 1 (�2, 19) 11 (1, 49)
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rash (n ¼ 1)), and due to patient preference in three participants.
Safety laboratory monitoring during hospitalization did not
demonstrate any treatment-related abnormal findings.

Clinical outcomes. Of the 10 participants treated with AT-001
(caficrestat) in the prospective clinical trial, eight survived, and
were discharged from the hospital, with median hospital length of
stay of 5 days (range 3e35 days), and two died during the index
hospitalization due to COVID-19 complications (progressive hyp-
oxic respiratory failure). The percent mortality observed in the AT-
001 (caficrestat) group (20%) was numerically lower than that
observed in both matched controls groups (first matched control
group 5 out of 16 subjects (31.3%) and second matched control
group 15 out of 55 subjects (27.3%)). Length of hospital stay
observed in the AT-001 (caficrestat) group was numerically less
than length of hospital stay in the two matched control groups
(Table 2).
4. Discussion

This single-center, prospective, open-label pilot study was per-
formed to assess the safety, tolerability and efficacy of aldose
reductase inhibition with AT-001 (caficrestat) in 10 hospitalized
patients with COVID-19 and co-morbid diabetes mellitus and hy-
pertension. AT-001 (caficrestat) was generally safe and well toler-
ated. Analysis of mortality and length of hospital stay showed
numerical trends in favor of AT-001 (caficrestat).

Previous observational studies have reported that patients with
hypertension, heart failure, diabetes mellitus, and obesity are at
greater risk of severe disease complications and death due to
COVID-19. The underlying causal pathways linking cardiometabolic
diseases to adverse outcomes in COVID-19 remain uncharacterized,
but may be in part be attributable to upregulation of the NLRP3
inflammasome pathway and induction of trained innate immunity
in these populations. In this pilot study of COVID-19 patients with
these comorbid conditions, treatment with the selective, potent
aldose reductase inhibitor AT-001 (caficrestat) was associated with
numerically shorter length of hospital stay and decreased mortality
when compared with contemporary matched control subjects
treated for COVID-19 at the same institution. AT-001 (caficrestat)
was well tolerated, consistently with a favorable tolerability profile
observed in prior studies of non-COVID-19 patients with diabetic
cardiomyopathy. In contrast to other therapies currently employed
3

for treatment of COVID-19, such as remdesivir, monoclonal anti-
bodies and convalescent plasma, AT-001 (caficrestat) is dosed orally
and can be administered in an outpatient setting.

Despite important advances in prevention and treatment, the
COVID-19 pandemic continues to be a major global health crisis,
and strategies to mitigate risk of acute disease complications and
death are urgently needed. COVID-19 is associated with increased
risk of adverse outcomes in patients with diabetes mellitus, and
also may lead to acute and chronic alterations in glycemic control.
Although strategies for disease eradication through vaccination
have been at the forefront of public health strategies, management
of the acute and long-term complications of the disease in affected
individuals remains an important consideration that may persist
beyond the duration of current pandemic. Note this is a pilot study
and further studies are needed to better understand the role of
aldose reductase inhibition and AT-001 (caficrestat) in patients
with COVID-19. Further study of inhibition of the aldose reductase
pathway might lead to novel treatment strategies in COVID-19
patients with CV complications and other acute and chronic in-
flammatory diseases.
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