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Abstract

Objective To keep health care providers, in response to the ongoing coronavirus
disease 2019 (COVID-19) pandemic, informed about the medications that have
been proposed to treat the disease and the evidence supporting their use.

Quality of evidence A narrative review of medications most widely used to

treat COVID-19 was conducted, outlining the best available evidence for each
pharmacologic treatment to date. Searches were performed in PubMed, EMBASE,
and MEDLINE using key words COVID-19 and treatment, as well as related terms.
Relevant research studies conducted in human populations and cases specific
to patients with COVID-19 were included, as were relevant hand-searched papers
and reviews. Only articles in English and Chinese were included.

Main message While current management of patients with COVID-19 largely
involves supportive care, without a widely available vaccine, practitioners
have also resorted to repurposing medications used for other indications.
This has caused considerable controversy, as many of these treatments have
limited clinical evidence supporting their use and therefore pose implications
for patient safety, drug access, and public health. For instance, medications
such as hydroxychloroquine and chloroquine, lopinavir-ritonavir, nonsteroidal
anti-inflammatory drugs, angiotensin-converting enzyme inhibitors, and
angiotensin receptor blockers gained widespread media attention owing to
hype, misinformation, or misinterpretation of research evidence.

Conclusion Given the severity of the pandemic and the potential broad effects
of implementing safe and effective treatment, this article provides a narrative
review of the current evidence behind the most widely used medications to
treat COVID-19 in order to enable health care practitioners to make informed
decisions in the care of patients with this life-threatening disease.

ecember 2019 marked the beginning of the novel coronavirus disease 2019
(COVID-19) pandemic, which has since spread worldwide with more than
100 million confirmed cases and 2 million deaths globally." The undetrlying
pathogen, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
since been identified and belongs to the genus Betacoronavirus, alongside severe
acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respira-
tory syndrome coronavirus (MERS-CoV).2 It has been shown that SARS-CoV-2
uses angiotensin-converting enzyme 2 (ACE2) as a co-receptor for viral entry.
The most common symptoms include fever, cough, and fatigue, among several
other possible respiratory and systemic symptoms. However, individuals with
COVID-19 can also be asymptomatic.>4
Given the lack of therapies specific to COVID-19, there have been numer-
ous efforts to repurpose existing medications used for other indications. The
empiric application of these medications has led to much debate regard-
ing their safety and efficacy in treating patients with COVID-19. Additionally,
unsupported speculation surrounding the value of hydroxychloroquine and
chloroquine, nonsteroidal anti-inflammatory drugs (NSAIDs), and renin-
angiotensin system inhibitors, as a result of misinformation and media hype,

Editor’s key points

» In response to the ongoing
coronavirus disease 2019 pandemic,
a number of medications have been
proposed to treat the virus. It is
important for health care providers
to remain informed about the
evidence supporting their use.

» Medications such as
hydroxychloroquine and
chloroquine, lopinavir-ritonavir,
nonsteroidal anti-inflammatory
drugs, angiotensin-converting
enzyme inhibitors, and angiotensin
receptor blockers gained widespread
media attention owing to hype,
misinformation, or misinterpretation
of research evidence.

» Current evidence supports the
selective use of remdesivir and
corticosteroids in severe cases,
while the role of other medications
remains less clear, particularly in
mild to moderate cases that might
improve on their own.
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has led to unpredictable and potentially harmful use of
these medications. As our understanding of COVID-19
continues to grow, there is a need among clinicians for
accurate and up-to-date evidence to inform practice and
management.

Our review summarizes the current evidence avail-
able for the most promising COVID-19 drug candidates,
as well as other medications empirically used during the
pandemic, with a focus on studies that include human
patients with the disease.

Quality of evidence

We conducted a narrative review of the medications
most widely used to treat COVID-19, outlining the best
available evidence for each pharmacologic treatment to
date. We performed searches within PubMed, EMBASE,
and MEDLINE using COVID-19 and treatment, as well
as related terms. (The full search strategy is available
from CFPlus.*) We drew upon relevant research studies
conducted in human populations and cases specific to
patients with COVID-19. We also hand-searched for rel-
evant papers and reviews to identify journal articles that
might not have been captured through our search strat-
egy. Only articles in English and Chinese were included.

Main message
Review of specific medications and medication groups

Remdesivir: Remdesivir is a novel nucleotide ana-
logue prodrug inhibitor of RNA-dependent RNA poly-
merase that was initially developed for the treatment
of the Ebola virus, but which has also shown activ-
ity against SARS-CoV and MERS-CoV.® The investiga-
tional antiviral therapy has recently demonstrated in
vitro activity against SARS-CoV-2.¢

The use of remdesivir to treat COVID-19 was ini-
tially demonstrated in the first reported case to occur
in the United States.” The antiviral was provided for
compassionate use on day 7 of hospitalization, as the
clinical condition of the patient worsened with sup-
portive care alone. The patient reportedly exhibited an
improvement in symptoms, clinical findings, and oxy-
gen saturation the following day. Viral loads within the
oropharyngeal swabs subsequently declined and even-
tually became negative by hospital day 12. There were
no adverse reactions associated with its use. In a subse-
quent case series of 12 patients that included this initial
case, all patients recovered from the infection, including
3 patients who received and tolerated remdesivir.?

Subsequent case reports and observational stud-
ies have similarly reported safe use of remdesivir. In a
case series of 12 critically ill patients with COVID-19
in Washington state, 7 received remdesivir, although
associated outcomes specific to these patients were not
reported in this sick cohort who demonstrated a case

*The full search strategy is available at www.cfp.ca. Go to the full text of
the article online and click on the CFPlus tab.

fatality rate of 50%.° In another case report of a patient
with severe COVID-19 infection requiring mechanical
ventilation despite a 5-day course of hydroxychloro-
quine, remdesivir was initiated on hospital day 9 with
good effect.!® The patient was weaned from mechani-
cal ventilation within 60 hours, suggesting potential effi-
cacy of remdesivir even when it is administered late,
unlike other antivirals such as oseltamivir or acyclo-
vir in the treatment of influenza and herpes simplex
virus. Similarly, in a multicentre observational study of
53 hospitalized patients from the United States, Europe,
Canada, and Japan who had COVID-19, required oxygen
support, and received a 10-day course of intravenous
remdesivir, 68% demonstrated clinical improvement.!!

To follow up on encouraging results from observational
studies, several randomized controlled trials have been per-
formed to investigate the safety and efficacy of remdesivir in
the treatment of COVID-19. The phase 3 SIMPLE trial com-
pared the use of a 5- or 10-day regimen of remdesivir (200
mg on day 1 followed by 100 mg on subsequent days) in 397
patients with severe COVID-19 who did not require mechani-
cal ventilation at the time of randomization.'?!* Similar efficacy
was observed between the 5- and 10-day course of remdesivir
based on clinical status on day 14, time to clinical improve-
ment, recovery, and death. However, the efficacy of remdesivir
as a treatment for COVID-19 remained unclear, as the study
did not have a placebo control group for comparison.

On the other hand, the phase 3 ACTT-1 (Adaptive
COVID-19 Treatment Trial) compared a 10-day course
of remdesivir with placebo in 1063 patients hospital-
ized with COVID-19." Patients randomized to remdesivir
demonstrated a shorter median time to recovery (defined
as discharged from hospital or hospitalization for infec-
tion-control purposes only) compared with patients
in the placebo group (10 days; 95% CI 9 to 11 days; vs
15 days; 95% CI 13 to 18 days, respectively). There was a
trend toward lower mortality with remdesivir, which did not
reach statistical significance (hazard ratio [HR] for death of
0.73; 95% CI 0.52 to 1.03). As the 14-day mortality remained
relatively high (6.7% in the remdesivir group and 11.9% in
the placebo group), the authors suggested that remdesivir
alone might not be sufficient to effectively treat COVID-19.

More recently, another phase 3 trial compared a 5- or
10-day course of remdesivir with standard care (random-
ized 1:1:1) in 596 patients hospitalized with moderate
COVID-19 infection (defined as the presence of pulmo-
nary infiltrates with a room-air oxygen saturation of
>94%) at 105 hospitals in the United States, Europe, and
Asia.'* The odds of an improved clinical status distribu-
tion at day 11 based on a 7-point ordinal scale was sig-
nificantly higher in patients treated with the 5-day course
of remdesivir when compared with those who received
standard care (odds ratio of 1.65; 95% CI 1.09 to 2.48;
P=.02). However, the clinical significance was uncer-
tain, both with respect to the effect size and because
there was no statistically significant difference in clinical
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status distribution on day 11 between the 10-day remde-
sivir group and the control group. The authors suggested
that the study limitations, such as the open-label design
and discrepancies in patient care and discharge practices,
might have contributed to the uncertainty.

Although further studies are needed to clarify the effec-
tiveness of remdesivir in the treatment of COVID-19, the
preliminary findings have been relatively favourable.
For this reason, remdesivir was the first medication to
receive authorization from Health Canada for use in
patients with severe COVID-19 infection (July 28, 2020).'¢

Lopinavir-ritonavir: - Lopinavir-ritonavir is a combination
of lopinavir, which inhibits viral 3—chymotrypsin-like pro-
tease, and ritonavir, which inhibits cytochrome P450 3A4,
the enzyme that metabolizes lopinavir, thereby increasing
the bioavailability of lopinavir. This combination has been
used to treat HIV and has demonstrated effectiveness in
the treatment of SARS-CoV and MERS-CoV.!”

Various reports have also claimed to demonstrate
efficacy of lopinavir-ritonavir against SARS-CoV-2. One
such report involved a case series of 10 patients with
COVID-19 who were hospitalized in Hangzhou, China,
and were treated with lopinavir.'®* However, the contri-
bution of lopinavir to recovery in 7 of the patients was
uncertain, as patients were variably treated with other
medications including antibiotics, interferon-a2b, immu-
noglobulin, methylprednisolone, and arbidol hydro-
chloride granules. The report notably demonstrated the
potential for adverse effects including hypokalemia and
gastrointestinal side effects in most patients, result-
ing in discontinuation of the medication in 3 of them.
In another case series of 135 patients with COVID-19
from Chongging, China, in which authors of the study
declared an obvious therapeutic effect of lopinavir-
ritonavir, only 41.5% of patients were reported to have
recovered, and the outcomes of the remaining patients
were not described."

In another study of 33 patients with COVID-19 who
were treated with lopinavir-ritonavir alone or in com-
bination with the antiviral membrane fusion inhibitor
umifenovir, patients receiving combination therapy expe-
rienced a greater reduction in nasopharyngeal swab viral
load and greater improvement in radiographic findings
than those treated with lopinavir-ritonavir alone.?* More
recently, a non-randomized controlled trial of 47 patients
with COVID-19 receiving interferon aerosol inhalation
and umifenovir demonstrated a significantly (P=.02)
shorter time to reach a negative viral load among those
patients who received additional lopinavir-ritonavir.?!

Various other case reports and observational studies
have also suggested improved clinical outcomes with
the use of lopinavir-ritonavir in patients with COVID-19.
However, the effect of lopinavir-ritonavir on recovery
in these studies is unclear owing to small sample sizes,
lack of adequate control groups, and concurrent use of
other medications.?*3*

In contrast, other studies have failed to show a posi-
tive effect with lopinavir-ritonavir on clinical outcomes in
patients with COVID-19. In a randomized controlled trial
of 100 patients receiving standard care and 99 patients
receiving 400-100 mg lopinavir-ritonavir twice a day for
14 days in addition to standard care, the addition of the
antiviral was not associated with any significant differ-
ences in viral loads.* However, the relatively small sample
size for a drug study, differences in baseline characteris-
tics between groups, and the lack of blinding might have
influenced the results of the study.*’ In a case series of 18
patients hospitalized with COVID-19 in Singapore, only 3
of the 5 patients who were treated with lopinavir-ritonavir
demonstrated a reduction in oxygen requirements, while
the other 2 progressed to respiratory failure.*® Adverse
reactions, mostly gastrointestinal, were common, with
only 1 patient completing the 14-day treatment course.

Randomized controlled trials have also failed to dem-
onstrate efficacy of lopinavir-ritonavir in the treat-
ment of COVID-19. The RECOVERY (Randomized
Evaluation of COVID-19 Therapy) trial conducted in
the United Kingdom found no significant differences
in 28-day mortality, risk of progression to mechanical
ventilation, and length of hospital stay between patients
randomized to lopinavir-ritonavir (n=1596) and
those randomized to usual hospital care only (n=3376).3%4
Similarly, the multinational World Health Organization
(WHO)-led Solidarity Trial discontinued its lopinavir-ritonavir
arm, as interim results showed no significant reduction in
mortality with lopinavir-ritonavir use compared with stan-
dard care in patients with COVID-19.4! Furthermore, the
DisCoVeRy trial (Trial of Treatments for COVID-19 in
Hospitalized Adults) found a significantly higher fre-
quency of serious adverse events related to renal func-
tion in patients randomized to lopinavir-ritonavir.*
Comprehensive data from the aforementioned trials
have yet to be published in peer-reviewed journals at
the time of writing this article.

Taken together, the use of lopinavir-ritonavir to treat
patients with COVID-19 is not well supported by the cur-
rent evidence and is falling out of favour owing to the
lack of efficacy and risk of adverse events observed in
recent randomized controlled trials.

Corticosteroids: The value of corticosteroids in the
management of COVID-19 remains controversial. While
the suppression of lung inflammation and macrophage
activation syndrome might be beneficial in reducing
immune-mediated acute lung injury in acute respiratory
distress syndrome (ARDS), inhibition of host immunity
might delay viral clearance, thereby impeding recovery
and increasing mortality, as demonstrated with SARS-CoV
and MERS-CoV.#

An early prospective study of 41 hospitalized patients
from Wuhan, China, was among the first to describe the
use of methylprednisolone as part of a combined treat-
ment regimen in a subset of patients with COVID-19
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who were diagnosed with severe community-acquired
pneumonia.* However, the study was not specifically
designed to test the efficacy of corticosteroids in treating
COVID-19 and therefore made no statistical comparisons
between patients who received corticosteroids and those
who did not. A subsequent retrospective review of 137
hospitalized patients with severe COVID-19 infection in
Hubei, China, suggested that corticosteroids did not appear
to shorten the disease course or improve overall prognosis,
although only 29% of patients received the treatment and
in a non-protocolized manner.* A similar observational
study of hospitalized patients with COVID-19 in Wuhu,
China, found no difference in viral clearance or symptom
duration between the 11 patients who received the treat-
ment and the 20 who did not.*

In contrast, a retrospective study of 201 patients
with COVID-19 in Wuhan, China, reported a significant
reduction in risk of death associated with use of methyl-
prednisolone among the 84 patients who developed
ARDS (HR=0.38; 95% CI 0.20 to 0.72).#7 In addition, case
reports have suggested an improvement in radiographic
and echocardiographic findings following corticosteroid
treatment among patients with COVID-19 who have had
cardiac involvement or who were organ transplant recip-
ients, although they received other therapies as well.343

More recently, randomized controlled trials have been
conducted to determine the effect of corticosteroid treat-
ment on clinical outcomes in patients with COVID-19. In
the RECOVERY trial, the primary end point of death at 28
days occurred in 22.9% of the 2104 hospitalized patients
with COVID-19 who received dexamethasone (6 mg daily)
compared with 25.7% of the 4321 patients who received
usual care (age-adjusted rate ratio of 0.83; 95% CI 0.75
to 0.93; P<.001).%® Similarly, in the CoDEX (COVID-19
Dexamethasone) trial of 299 patients with moderate to
severe ARDS due to COVID-19 admitted to the intensive
care unit, dexamethasone (20 mg intravenously once
daily for 5 days followed by 10 mg intravenously daily
for an additional 5 days or until intensive care discharge)
was associated with a significant increase in ventilator-
free days compared with standard care alone (difference
of 2.26; 95% CI 0.2 to 4.38; P=.04), although there was no
significant difference in 28-day mortality.* The REMAP-
CAP (Randomised, Embedded, Multi-factorial, Adaptive
Platform Trial for Community-Acquired Pneumonia) and
CAPE COD (Community-Acquired Pneumonia: Evaluation
of Corticosteroids) trials were designed to evaluate
the use of hydrocortisone in patients with COVID-19
but were both stopped early after the results from the
RECOVERY trial were announced and were therefore
underpowered to detect meaningful differences in out-
comes with treatment.*05!

A WHO-led meta-analysis of 7 randomized controlled tri-
als with a total of 1703 critically ill patients with COVID-19
showed a 34% reduction in odds of death at 28 days with
corticosteroid use compared with usual care or placebo.>

Overall, the current evidence supports the selective
use of corticosteroids only in severe cases of COVID-19,
when patients are critically ill. Accordingly, the WHO
recommends systemic corticosteroids be considered
only for critically ill patients with COVID-19 and advises
against their use in nonsevere cases.*

Chloroquine and hydroxychloroquine: Chloroquine
and hydroxychloroquine are primarily used to treat
malaria. Hydroxychloroquine has a more tolerable
safety profile and has also been used to treat autoim-
mune disease such as systemic lupus erythematosus
and rheumatoid arthritis owing to its anti-inflammatory
and immunomodulatory effects.* Studies have demon-
strated in vitro activity of chloroquine and hydroxychlo-
roquine against SARS-CoV-2, with greater potency seen
with hydroxychloroquine.®

Chloroquine phosphate gained early attention as a
potential therapy for COVID-19 after the publication of
a brief letter suggesting its efficacy in treating
COVID-19-associated pneumonia in more than 100
patients from 10 hospitals in China.*® The claim resulted
in the endorsement of chloroquine phosphate for the
treatment of COVID-19 pneumonia based on expert con-
sensus.®**” However, no data were provided to support
the recommendation.®

Subsequent initial studies demonstrated favourable
results with the use of chloroquine or hydroxychlo-
roquine in patients with COVID-19. In a small non-
randomized study of patients hospitalized with
COVID-19 in France, viral clearance by day 6 occurred in
70% of the 20 patients who received hydroxychloroquine
(200 mg 3 times a day) compared with 12.5% of the 14
control patients (P<.001).% A prospective cohort study
comparing dosing regimens for hydroxychloroquine sug-
gested that 200 mg 3 times a day might be insufficient,
as only 61% of the patients reached target levels more
than 2 days after initiating treatment.®® In a small study
of 22 hospitalized patients with COVID-19 from China,
patients randomized to chloroquine (500 mg twice daily
for 10 days) demonstrated better outcomes than those
randomized to lopinavir-ritonavir (400-100 mg twice
daily for 10 days) with respect to time to viral clearance,
radiographic clearance, and discharge from hospital.¢!

Case reports have also described the use of hydroxy-
chloroquine or chloroquine, although the patients
described in these cases were also treated with other
antiviral or anti-inflammatory medications, making it dif-
ficult to isolate individual contributions to recovery.**

On the other hand, several large-scale randomized
controlled trials have demonstrated a lack of response
to hydroxychloroquine in the treatment of COVID-19. In
the RECOVERY trial, death at 28 days occurred in 27.0%
of the 1561 hospitalized patients with COVID-19 ran-
domized to hydroxychloroquine compared with 25.0%
in the 3155 patients randomized to standard care.®
Hydroxychloroquine was associated with increased length
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of hospitalization and progression to mechanical ventila-
tion or death. The ORCHID (Outcomes Related to COVID-
19 Treated With Hydroxychloroquine Among In-patients
With Symptomatic Disease) trial and the hydroxychloro-
quine arm of the Solidarity Trial yielded similar preliminary
findings, prompting discontinuation by the United States
National Institute of Health and the WHO, respectively.*! ¢
In addition, a randomized trial of 821 asymptomatic par-
ticipants from the United States or Canada with moderate-
to high-risk exposure to COVID-19 showed no significant
reduction in incidence of COVID-19 infection in those ran-
domized to hydroxychloroquine taken within 4 days of
exposure for postexposure prophylaxis.®

Therefore, the evidence to date would not support the
use of hydroxychloroquine as postexposure prophylaxis
or treatment of COVID-19.

Tocilizumab: Acute respiratory distress syndrome
typically occurs in patients with severe COVID-19 infec-
tion with macrophage activation syndrome. Severity
of COVID-19 and death in ARDS are associated with
elevated interleukin 6 (IL-6) levels driven by ongoing
infections.®®¢¢ In this context, tocilizumab, an anti-IL-6
monoclonal antibody used in the treatment of rheu-
matoid arthritis, has been proposed as a potential
COVID-19 treatment.7

A case series from Wuhan, China, described 15
moderate to severely ill patients with COVID-19
who received tocilizumab at varying doses.®® Five
patients received tocilizumab more than once, and 8
received concurrent methylprednisolone. During the
7-day observation period following treatment, 10 patients
stabilized, 2 worsened, and 3 died. Of the 4 critically ill
patients who received a single dose of tocilizumab, 3
died and the C-reactive protein (CRP) level, a marker of
inflammation, in the fourth patient failed to normalize.
However, CRP levels in all 15 patients decreased
significantly after treatment with tocilizumab (126.9 mg/L
[95% CI 10.7 to 257.9 mg/L] vs 11.2 mg/L [95% CI 0.02 to
113.7 mg/L]; P<.01).

The use of tocilizumab has also been demonstrated
in several case reports of patients with COVID-19 in the
setting of specific pre-existing medical conditions. In
a patient with metastatic sarcomatoid clear cell renal
cell carcinoma, 2 doses of 8 mg/kg of tocilizumab were
administered following an initial course of lopinavir-
ritonavir after he experienced sudden-onset dyspnea
and decrease in oxygen saturation.’® His CRP level and
body temperature decreased and his oxygen saturation
improved following treatment, with eventual full recov-
ery. In another patient with multiple myeloma, a single
dose of 8 mg/kg of tocilizumab was administered owing
to persistent pulmonary infiltrates on radiography and
sustained IL-6 elevation despite initial treatment with
methylprednisolone.”’ Symptoms of chest tightness fully
resolved 3 days following treatment, radiographic find-
ings improved, and IL-6 levels gradually decreased in the

subsequent 2 weeks. In yet another case, a patient who
had already been on a regimen of 8 mg/kg of tocilizumab
every 5 weeks for the previous 3 years for systemic scle-
rosis was diagnosed with COVID-19 after presenting with
mild symptoms of cough, headache, and malaise.”? Her
upcoming tocilizumab infusion was postponed and she
recovered at home with no need for additional treatment.
The authors proposed that the use of tocilizumab for
chronic autoimmune disease might have been protective
against the development of severe COVID-19.

Beyond case reports, a retrospective observational
cohort study of 544 patients with severe COVID-19 pneu-
monia in Italy showed a significantly reduced risk of
mechanical ventilation or death among the subgroup
of 179 non-randomly selected patients treated with tocili-
zumab compared with those treated with standard care
alone (adjusted HR=0.61; 95% CI 0.40 to 0.92; P=.02).7®
On the other hand, in the phase 3 COVACTA (Study to
Evaluate the Safety and Efficacy of Tocilizumab in Patients
With Severe COVID-19 Pneumonia) trial of 479 patients,
there was no significant difference in the primary end point
of clinical status on day 28 based on a 7-point ordinal
scale between patients randomized to tocilizumab ver-
sus placebo.” In contrast, in the similar phase 3 EMPACTA
(Study to Evaluate the Efficacy and Safety of Tocilizumab
in Hospitalized Participants With COVID-19 Pneumonia)
trial of 389 patients, 12.2% of patients randomized to tocili-
zumab progressed to mechanical ventilation or death by
day 28 compared with 19.3% in the placebo arm, repre-
senting a 44% reduction (HR=0.56; 95% CI 0.32 to 0.97;
log-rank P=.03).”® Full data from these 2 randomized tri-
als have yet to be published in peer-reviewed journals at
the time of writing. Further analysis is required to better
understand these mixed results.

Overall, studies suggest a potential role for tocili-
zumab in the treatment of COVID-19. However, given
the mixed results from the 2 largest randomized trials to
date, further studies are needed to clarify its safety and
efficacy in treating COVID-19.

Oseltamivir:  There is limited evidence supporting the
use of oseltamivir in the treatment of COVID-19.

In one case series, 5 patients who were co-infected
with COVID-19 and influenza A or B fully recovered
following treatment with oseltamivir combined with
supportive care, antibiotics, and glucocorticoids.’ In
addition, a case report described a patient with diabetes
who recovered from COVID-19 following treatment with
oseltamivir, ganciclovir, and antibiotics.””

There have been no published randomized trials to date
assessing the efficacy of oseltamivir to treat COVID-19.
Routine administration of oseltamivir for the specific pur-
pose of treating COVID-19 is therefore not recommended.

Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs): Whether to
continue use of ACE inhibitors or ARBs to treat comorbid
conditions for which they are indicated among patients
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with COVID-19 has been an important consideration.’®
As SARS-CoV-2 uses ACE2 as a co-receptor for viral
entry, there has been concern that use of ACE inhibi-
tors or ARBs, which increase expression of ACE2, could
increase susceptibility to COVID-19 infection.” In con-
trast, increased ACE2 expression has been shown to
have a potential paradoxically protective effect in reduc-
ing the severity of acute lung injury and ARDS through
its effects on endothelial function.8#!

A retrospective study in Wuhan, China, analyzed dif-
ferences in clinical characteristics and clinical outcomes
in 112 patients with cardiovascular disease infected with
COVID-19, including 16 patients who were critically
ill.2 The presence of cardiovascular disease was associ-
ated with disease severity and mortality, but there were
no significant differences in ACE inhibitor or ARB use
between critically ill patients and all others, nor in survi-
VOI'S VErsus Nonsurvivors.

More recently, data from 3 larger clinical studies have
provided additional insight into the effects of ACE inhibi-
tors and ARBs on COVID-19 risk, prognosis, and clini-
cal outcomes. In a large population-based, case-control
study from Italy comparing 6272 patients with COVID-19
with 30759 controls matched by age, sex, and munici-
pality, the use of ACE inhibitors or ARBs did not appear
to affect the risk from COVID-19.% Similarly, a study
of 12594 patients from New York who were tested for
COVID-19 (5894 tested positive), based on electronic
health records, found no association between the use
of antihypertensive medications including ACE inhibi-
tors and ARBs and risk of COVID-19 infection or pro-
gression to severe illness.®* Moreover, in the phase 4
BRACE CORONA (Angiotensin Receptor Blockers and
Angiotensin-converting Enzyme Inhibitors and Adverse
Outcomes in Patients With COVID-19) trial, which ran-
domized 334 patients hospitalized with COVID-19 to
temporary suspension of their ACE inhibitors or ARBs
and 325 patients to continued use, there was no sig-
nificant difference in the primary end point of number
of days alive and out of the hospital at 30 days (21.9 vs
22.9, P=.09).8586

In addition to demonstrating the safety of contin-
ued ACE inhibitor and ARB use among patients with
COVID-19, other studies have suggested their potential
incremental benefits with respect to providing indirect
antiviral activity by modulating immune function and
inflammatory response. In a retrospective study of 417
hospitalized patients with COVID-19 in Shenzhen, China,
a lower proportion of patients who were treated with
ACE inhibitors or ARBs progressed to severe infection,
and these patients demonstrated a trend toward lower
IL-6 levels, statistically significantly higher levels of CD3+
and CD8+ T cells, and lower peak viral load based on sig-
nificantly higher cycle threshold values (P=.03) compared
with those receiving other anti-hypertensive agents.®” In
another retrospective study of 1128 hospitalized patients

with COVID-19 in Hubel, China, including 188 patients
who were taking ACE inhibitors or ARBs, use of these
medications was associated with a lower risk of mortal-
ity (adjusted HR=0.37; 95% CI 0.15 to 0.89; P=.03).%8 In
a study of 2263 outpatients and 7933 inpatients in the
United States, use of ACE inhibitors was associated with
a lower risk of hospitalization (HR=0.61; 95% CI 0.41 to
0.93; P=.02) although benefits did not extend to those
taking ARBs and were limited to outpatients rather than
inpatients and to those in the Medicare group rather
than the commercially insured group.®

Overall, the evidence available to date would support
the continuation of ACE inhibitors or ARBs in patients
with COVID-19 who were already taking these medi-
cations for other indications before infection. However,
there is insufficient evidence at this time to support their
initiation for the sole purpose of treating COVID-19.

Nonsteroidal anti-inflammatory drugs: These drugs,
particularly ibuprofen, suffered from misguided drug
advice and subsequent media hype during early months
of the COVID-19 pandemic.?!

Similar to ACE inhibitors and ARBs, ibuprofen had
previously demonstrated in vitro and in vivo activity in
inducing ACE2 overexpression. Additionally, previous
studies of patients with other respiratory tract infections
demonstrated an association between NSAID use and
poorer clinical outcomes.*?

There remains no robust scientific evidence to sup-
port or refute the use of ibuprofen or other NSAIDs
in patients with COVID-19. However, NSAID use, like
that of other antipyretic medications, could theoreti-
cally mask common COVID-19 symptoms such as fever,
thereby potentially increasing the spread and exposure
of the infection at a community level.

Anticoagulants: Thromboembolic events, including
pulmonary embolism, ischemic stroke, and myocardial
infarction, have been observed in patients with COVID-19,
presumably owing to a prothrombotic state caused by the
infection.?*>* For this reason, the routine use of either pro-
phylactic or therapeutic doses of anticoagulation to pre-
vent or reduce these complications has been explored in
patients hospitalized with COVID-19.

Among the numerous observational studies of antico-
agulation use in patients with COVID-19, the largest and
most informative to date involved a retrospective analysis
of 4389 patients hospitalized with COVID-19 in New York,
NY.?¢ Both prophylactic and therapeutic doses of antico-
agulation were associated with reduced mechanical ven-
tilation (adjusted HR=0.72; 95% CI 0.58 to 0.89; P=.003;
and adjusted HR=0.69; 95% CI 0.51 to 0.94; P=.02, respec-
tively) and in-hospital mortality (adjusted HR=0.50; 95% CI
0.45 to 0.57; P<.001; and adjusted HR=0.53; 95% CI 0.45
to 0.62; P<.001, respectively) compared with no antico-
agulation. Among the subgroup of patients who received
anticoagulation within 48 hours of admission, there was a
trend toward lower in-hospital mortality with therapeutic
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doses compared with prophylactic doses, although it did
not achieve statistical significance (adjusted HR=0.86; 95%
CI0.73 to 1.02; P=.08).

Only 1 randomized controlled trial to assess the
effect of anticoagulation on outcomes for patients with
COVID-19 had been published at the time of writing.
In the HESACOVID (Therapeutic Versus Prophylactic
Anticoagulation for Severe COVID-19) trial, the 10
patients randomized to therapeutic enoxaparin showed a
statistically significant increase in Pao,/Fio, ratio (ratio of
arterial oxygen partial pressure to fractional inspired oxy-
gen), higher rates of successful weaning from mechanical
ventilation, and more ventilator-free days when com-
pared with the 10 patients randomized to prophylactic
anticoagulation.”” However, the very small sample size
was an important limitation, and the study was under-
powered to detect a difference in mortality.

Several larger randomized controlled trials are ongo-
ing to clarify the role of anticoagulation in managing
patients hospitalized with COVID-19. Among the larg-
est, the ATTACC (Antithrombotic Therapy to Ameliorate
Complications of COVID-19) trial aims to enrol
3000 participants, while the ACTIV-4 (Accelerating
COVID-19 Therapeutic Interventions and Vaccines:
Antithrombotics) trial aims to enrol 2000 participants;
both are randomizing patients to therapeutic heparin
versus usual care, which includes prophylactic antico-
agulation.”®®* An outpatient component of the ACTIV-4
trial will also investigate the effect of acetylsalicylic
acid or apixaban in patients with COVID-19 who do not
require hospitalization.

As shown, the purported benefits of anticoagulation
in patients with COVID-19 have thus far been largely
based on observational data. Whether similar results
can be reproduced in randomized controlled trials
remains to be seen. Further studies will also need to
establish the optimal anticoagulant and dosing regimen
that will reduce the risk of thrombotic complications
without substantially increasing the risk of bleeding.

Conclusion

In the absence of specific effective therapies for COVID-19,
many clinicians are repurposing medications used for other
indications to supplement the usual supportive care man-
agement of these patients. We reviewed the most widely
used medications suggested for the treatment of patients
with COVID-19. Current evidence supports the selective use
of remdesivir and corticosteroids in severe cases, while the
role of other medications remains less clear, particularly in
mild to moderate cases that might improve on their own.
Large-scale randomized trials are needed to clarify the role
of these medications before widespread routine use. L3

Mr Ng is a medical student in the Faculty of Medicine at the University of British
Columbia in Vancouver. Dr Leblanc is Assistant Professor in the Leslie Dan Faculty

of Pharmacy at the University of Toronto in Ontario. Dr Yeung is Clinical Assistant
Professor in the Faculty of Medicine at the University of British Columbia. Dr Tsang is
Director of Echocardiography at Vancouver General Hospital and the UBC Hospital, and

Professor of Medicine in the Division of Cardiology and Associate Head of Research for
the Department of Medicine at the University of British Columbia.

Contributors
All authors contributed to the literature review and interpretation, and to preparing
the manuscript for submission.

Competing interests
None declared

Correspondence
Dr Teresa S.M. Tsang; e-mail t.tsang@ubc.ca

References

1. Johns Hopkins Coronavirus Resource Center. COVID-19 dashboard by the Center for
Systems Science and Engineering. Baltimore, MD: Johns Hopkins University of Medi-
cine; 2021. Available from: https://coronavirus.jhu.edu/map. Accessed 2021 Feb 19.

2. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF. The proximal origin of
SARS-CoV-2. Nat Med 2020;26(4):450-2.

3. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. Structure, function, and
antigenicity of the SARS-CoV-2 spike glycoprotein. Cell 2020;181(2):281-92.e6. Epub
2020 Mar 9.

4. Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of coronavirus
disease (COVID-19) outbreak. J Autoimmun 2020;109:102433. Epub 2020 Feb 26.

5. Sheahan TP, Sims AC, Graham RL, Menachery VD, Gralinski LE, Case JB, et al. Broad-
spectrum antiviral GS-5734 inhibits both epidemic and zoonotic coronaviruses.

Sci Transl Med 2017;9(396):eaal3653.

6. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir and chloroquine ef-
fectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro.
Cell Res 2020;30(3):269-71. Epub 2020 Feb 4.

7. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, et al. First case of
2019 novel coronavirus in the United States. N Engl J Med 2020;382(10):929-36. Epub
2020 Jan 31.

8. Kujawski SA, Wong KK, Collins JP, Epstein L, Killerby ME, Midgley CM, et al. Clinical
and virologic characteristics of the first 12 patients with coronavirus disease 2019
(COVID-19) in the United States. Nat Med 2020;26(6):861-8. Epub 2020 Apr 23.

9. Bhatraju PK, Ghassemieh B}, Nichols M, Kim R, Jerome KR, Nalla AK, et al. Covid-19 in criti-
cally ill patients in the Seattle region—case series. N Engl J Med 2020;382(21):2012-22.
Epub 2020 Mar 30.

10. Hillaker E, Belfer JJ, Bondici A, Murad H, Dumkow LE. Delayed initiation of remdesivir
in a COVID-19-positive patient. Pharmacotherapy 2020;40(6):592-8. Epub 2020 May 20.

11. Grein ), Ohmagari N, Shin D, Diaz G, Asperges E, Castagna A, et al. Compassionate use
of remdesivir for patients with severe Covid-19. N Engl J Med 2020;382(24):2327-36.

12. Gilead Sciences, Inc. Gilead announces results from phase 3 trial of investigational
antiviral remdesivir in patients with severe COVID-19. Foster City, CA: Gilead Sciences,
Inc; 2020. Available from: https://www.gilead.com/news-and-press/press-room/
press-releases/2020/4/gilead-announces-results-from-phase-3-trial-of-investiga
tional-antiviral-remdesivir-in-patients-with-severe-covid-19. Accessed 2020 Apr 30.

13. Goldman JD, Lye DCB, Hui DS, Marks KM, Bruno R, Montejano R, et al. Remdesivir
for 5 or 10 days in patients with severe Covid-19. N Engl J Med 2020;383(19):1827-37.
Epub 2020 May 27.

14. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et al. Remdesivir
for the treatment of Covid-19—final report. N Engl J Med 2020;383(19):1813-26.

15. Spinner CD, Gottlieb RL, Criner GJ, Arribas Lopez JR, Cattelan AM, Soriano Viladomiu
A, et al. Effect of remdesivir vs standard care on clinical status at 11 days in patients
with moderate COVID-19: a randomized clinical trial. JAMA 2020;324(11):1048-57.

16. Health Canada. Remdesivir authorized with conditions for the treatment of patients
in Canada with severe COVID-19 symptoms. Ottawa, ON: Government of Canada;
2020. Available from: https://healthycanadians.gc.ca/recall-alert-rappel-avis/hc-
5€/2020/73621a-eng.php. Accessed 2020 Sep 24.

17. Yao TT, Qian JD, Zhu WY, Wang Y, Wang GQ. A systematic review of lopinavir therapy
for SARS coronavirus and MERS coronavirus—a possible reference for coronavirus
disease-19 treatment option. ) Med Virol 2020;92(6):556-63. Epub 2020 Mar 12.

18. Liu F, Xu A, Zhang Y, Xuan W, Yan T, Pan K, et al. Patients of COVID-19 may benefit from
sustained lopinavir-combined regimen and the increase of eosinophil may predict
the outcome of COVID-19 progression. Int J Infect Dis 2020;95:183-91. Epub 2020 Mar 12.

19. Wan S, Xiang Y, Fang W, Zheng Y, Li B, Hu Y, et al. Clinical features and treatment of
COVID-19 patients in northeast Chongging. ) Med Virol 2020;92(7):797-806. Epub 2020 Apr 1.

20. Deng L, Li C, Zeng Q, Liu X, Li X, Zhang H, et al. Arbidol combined with LPV/r versus

LPV/r alone against corona virus disease 2019: a retrospective cohort study. J Infect

2020;81(1):e1-5. Epub 2020 Mar 11.

Ye XT, Luo YL, Xia SC, Sun QF, Ding JG, Zhou Y, et al. Clinical efficacy of lopinavir/

ritonavir in the treatment of coronavirus disease 2019. Eur Rev Med Pharmacol Sci

2020;24(6):3390-6.

Lim J, Jeon S, Shin HY, Kim MJ, Seong YM, Lee W, et al. Case of the index patient who

caused tertiary transmission of coronavirus disease 2019 in Korea: the applica-

tion of lopinavir/ritonavir for the treatment of COVID-19 pneumonia monitored by

quantitative RT-PCR. ) Korean Med Sci 2020;35(6):€79. Epub 2020 Feb 14.

23. Wang Z, Chen X, Lu Y, Chen F, Zhang W. Clinical characteristics and therapeutic procedure
for four cases with 2019 novel coronavirus pneumonia receiving combined Chinese and
Western medicine treatment. Biosci Trends 2020;14(1):64-8. Epub 2020 Feb 9.

21.

22.

N

Vol 67: MARCH | MARS 2021 4 Canadian Family Physician | Le Médecin de famille canadien 177



Clinical Review

24,

25.

26.

27.

28.

29.

3

31.

32.

3

@

3

3

3

o

37.

3

o

39.

4

4.

=

42,

4

[

44,

45,

46.

47.

4

4

©

5

51.

=

5

o

53.

@

178 canadian Family Physician | Le Médecin de famille canadien » Vol 67:

=

e

o

=4

©

4

Sun Q, Xu X, Xie J, Li J, Huang X. Evolution of computed tomography manifestations
in five patients who recovered from coronavirus disease 2019 (COVID-19) pneumo-
nia. Korean J Radiol 2020;21(5):614-9. Epub 2020 Mar 13.

Wei J, Xu H, Xiong J, Shen Q, Fan B, Ye C, et al. 2019 Novel coronavirus (COVID-19)
pneumonia: serial computed tomography findings. Korean J Radiol 2020;21(4):501-4.
Epub 2020 Feb 26.

Song Y, Liu P, Shi XL, Chu YL, Zhang J, Xia J, et al. SARS-CoV-2 induced diarrhoea as
onset symptom in patient with COVID-19. Gut 2020;69(6):1143-4. Epub 2020 Mar 5.
Han W, Quan B, Guo Y, Zhang J, Lu Y, Feng G, et al. The course of clinical diagno-

sis and treatment of a case infected with coronavirus disease 2019. ] Med Virol
2020;92(5):461-3. Epub 2020 Mar 1.

Liu Y, Li J, Feng Y. Critical care response to a hospital outbreak of the 2019-nCoV
infection in Shenzhen, China. Crit Care 2020;24(1):56.

Yuan J, Zou R, Zeng L, Kou S, Lan J, Li X, et al. The correlation between viral clearance
and biochemical outcomes of 94 COVID-19 infected discharged patients.

Inflamm Res 2020;69(6):599-606. Epub 2020 Mar 29.

Tang B, Li S, Xiong Y, Tian M, Yu J, Xu L, et al. Coronavirus disease 2019 (COVID-19)
pneumonia in a hemodialysis patient. A case report. Kidney Med 2020;2(3):354-8.
Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, et al. Clinical findings in a group of
patients infected with the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan,
China: retrospective case series. BMJ 2020;368:m606. Erratum in: BMJ 2020;368:m792.
Zhang H, Xie C, Huang Y. The treatment and outcome of a lung cancer patient
infected with severe acute respiratory syndrome coronavirus-2. / Thorac Oncol
2020;15(5):e63-4. Epub 2020 Mar 6.

. Asadollahi-Amin A, Hasibi M, Ghadimi F, Rezaei H, SeyedAlinaghi S. Lung involve-

ment found on chest CT scan in a pre-symptomatic person with SARS-CoV-2 infec-
tion: a case report. Trop Med Infect Dis 2020;5(2):56.

Inciardi RM, Lupi L, Zaccone G, Italia L, Raffo M, Tomasoni D, et al. Cardiac involvement
in a patient with coronavirus disease 2019 (COVID-19). JAMA Cardiol 2020;5(7):819-24.
Liu B, Wang Y, Zhao Y, Shi H, Zeng F, Chen Z. Successful treatment of severe COVID-19 pneu-
monia in a liver transplant recipient. Am J Transplant 2020;20(7):1891-5. Epub 2020 Apr 19.

. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of lopinavir-ritonavir in

adults hospitalized with severe Covid-19. N Engl J Med 2020;382(19):1787-99.
Baden LR, Rubin EJ. Covid-19—the search for effective therapy. N Engl ] Med
2020;382(19):1851-2. Epub 2020 Mar 18.

. Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY, Loh J, et al. Epidemiologic fea-

tures and clinical course of patients infected with SARS-CoV-2 in Singapore. JAMA
2020;323(15):1488-94.

Griffin S. Covid-19: lopinavir-ritonavir does not benefit hospitalised patients, UK
trial finds. BMJ 2020;370:m2650.

RECOVERY trial chief investigators. No clinical benefit from use of lopinavir-ritonavir
in hospitalised COVID-19 patients studied in RECOVERY. Oxford, Engl: Nuffield
Department of Population Health; 2020. Available from: https://www.recoverytrial.
net/news/no-clinical-benefit-from-use-of-lopinavir-ritonavir-in-hospitalised-
covid-19-patients-studied-in-recovery. Accessed 2020 Sep 20.

WHO discontinues hydroxychloroquine and lopinavir/ritonavir treatment arms for
COVID-19. Geneva, Switz: World Health Organization; 2020. Available from: https://
www.who.int/news-room/detail/04-07-2020-who-discontinues-hydroxychloro
quine-and-lopinavir-ritonavir-treatment-arms-for-covid-19. Accessed 2020 Sep 20.
Inserm Press Office. Discovery: stopping inclusions in two treatment groups. Paris,
Fr: Inserm; 2020. Available from: https://presse.inserm.fr/en/discovery-stopping-
inclusions-in-two-treatment-groups/40087/. Accessed 2020 Sep 20.

. Russell CD, Millar JE, Baillie JK. Clinical evidence does not support corticosteroid

treatment for 2019-nCoV lung injury. Lancet 2020;395(10223):473-5. Epub 2020 Feb 7.
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395(10223):497-506. Epub
2020 Jan 24.

Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, et al. Clinical characteristics of

novel coronavirus cases in tertiary hospitals in Hubei Province. Chin Med J (Engl)
2020;133(9):1025-31.

Zha L, Li S, Pan L, Tefsen B, Li Y, French N, et al. Corticosteroid treatment of patients with
coronavirus disease 2019 (COVID-19). Med J Aust 2020;212(9):416-20. Epub 2020 Apr 8.

Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors associated with acute
respiratory distress syndrome and death in patients with coronavirus disease 2019
pneumonia in Wuhan, China. JAMA Intern Med 2020;180(7):934-43.

RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with
Covid-19—preliminary report. N Engl J Med 2020 Jul 17. Epub ahead of print.

. Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O, Rosa RG, Veiga VC, et al. Effect

of dexamethasone on days alive and ventilator-free in patients with moderate or
severe acute respiratory distress syndrome and COVID-19: the CoDEX randomized
clinical trial. JAMA 2020;324(13):1307-16.

Angus DC, Derde L, Al-Beidh F, Annane D, Arabi Y, Beane A, et al. Effect of hydrocorti-
sone on mortality and organ support in patients with severe COVID-19: the REMAP-CAP
COVID-19 corticosteroid domain randomized clinical trial. JAMA 2020;324(13):1317-29.
Dequin PF, Heming N, Meziani F, Planteféve G, Voiriot G, Badié J, et al. Effect of hy-
drocortisone on 21-day mortality or respiratory support among critically ill patients
with COVID-19: a randomized clinical trial. JAMA 2020;324(13):1298-306.

. WHO Rapid Evidence Appraisal for Covid-19 Therapies Working Group. Association

between administration of systemic corticosteroids and mortality among critically
ill patients with COVID-19: a meta-analysis. JAMA 2020;324(13):1330-41.

WHO updates clinical care guidance with corticosteroid recommendations. Geneva,
Switz: World Health Organization; 2020. Available from: https://www.who.int/news-
room/feature-stories/detail/who-updates-clinical-care-guidance-with-corticoste
roid-recommendations. Accessed 2020 Sep 21.

54.

5

a

56.

57.

N

5

o

5

6

o

61.

62.

)

6!

@

6

6!

66.

67.

S

6

6

70.

o

71.

iy

72.

N

7!

@

74.

75.

a

76.

77.

78.

7

©

8|

o

81.

=

8

8

©

B

@

o

©

N~

w

Zhou D, Dai SM, Tong Q. COVID-19: a recommendation to examine the effect of hy-
droxychloroquine in preventing infection and progression. J Antimicrob Chemother
2020;75(7):1667-70.

. Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In vitro antiviral activity and

projection of optimized dosing design of hydroxychloroquine for the treatment

of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin Infect Dis
2020;71(15):732-9.

Gao J, Tian Z, Yang X. Breakthrough: chloroquine phosphate has shown apparent
efficacy in treatment of COVID-19 associated pneumonia in clinical studies.

Biosci Trends 2020;14(1):72-3. Epub 2020 Feb 19.

Multicenter Collaboration Group of the Department of Science and Technology of
Guangdong Province, Health Commission of Guangdong Province for Chloroquine in
the Treatment of Novel Coronavirus Pneumonia. Expert consensus on chloroquine
phosphate for the treatment of novel coronavirus pneumonia [article in Chinese].
Zhonghua Jie He He Hu Xi Za Zhi 2020;43(3):185-8.

. Touret F, de Lamballerie X. Of chloroquine and COVID-19. Antivir Res 2020;177:104762.

Epub 2020 Mar 5.

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, et al. Hydroxychloro-
quine and azithromycin as a treatment of COVID-19: results of an open-label non-
randomized clinical trial. Int J Antimicrob Agents 2020;56(1):105949. Epub 2020 Mar 20.

. Perinel S, Launay M, Botelho-Nevers E, Diconne E, Louf-Durier A, Lachand R, et al.

Towards optimization of hydroxychloroquine dosing in intensive care unit COVID-19
patients. Clin Infect Dis 2020;71(16):2227-9. Epub 2020 Apr 7.

Huang M, Tang T, Pang P, Li M, Ma R, Lu J, et al. Treating COVID-19 with chloroquine.
J Mol Cell Bio 2020;12(4):322-5.

Horby P, Mafham M, Linsell L, Bell JL, Staplin N, Emberson JR, et al. Effect of hydroxy-
chloroquine in hospitalized patients with COVID-19. N Engl J Med 2020;383(21):2030-40

. National Institutes of Health. NIH halts clinical trial of hydroxychloroquine. Study

shows treatment does no harm, but provides no benefit [press release]. Bethesda, MD:
National Institutes of Health; 2020. Available from: https://www.nih.gov/news-events/
news-releases/nih-halts-clinical-trial-hydroxychloroquine. Accessed 2020 Sep 21.
Boulware DR, Pullen MF, Bangdiwala AS, Pastick KA, Lofgren SM, Okafor EC, et al. A
randomized trial of hydroxychloroquine as postexposure prophylaxis for Covid-19.
N Engl J Med 2020;383(6):517-25. Epub 2020 Jun 3.

McGonagle D, Sharif K, O‘Regan A, Bridgewood C. The role of cytokines including
interleukin-6 in COVID-19 induced pneumonia and macrophage activation
syndrome-like disease. Autoimmun Rev 2020;19(6):102537. Epub 2020 Apr 3.

Liu T, Zhang J, Yang Y, Ma H, Li Z, Zhang J, et al. The role of interleukin-6 in monitor-
ing severe case of coronavirus disease 2019. EMBO Mol Med 2020;12(7):e12421. Epub
2020 Jun 5.

Fu B, Xu X, Wei H. Why tocilizumab could be an effective treatment for severe
COVID-19? J Trans| Med 2020;18(1):164.

Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. The cytokine release syndrome (CRS) of severe
COVID-19 and interleukin-6 receptor (IL-6R) antagonist tocilizumab may be the key to
reduce the mortality. Int J Antimicrob Agents 2020;55(5):105954. Epub 2020 Mar 29.
Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in COVID-19: a single
center experience. ] Med Virol 2020;92(7):814-8. Epub 2020 Apr 15.

Michot JM, Albiges L, Chaput N, Saada V, Pommeret F, Griscelli F, et al. Tocilizumab,
an anti-1L-6 receptor antibody, to treat Covid-19-related respiratory failure: a case
report. Ann Oncol 2020;31(7):961-4. Epub 2020 Apr 2.

Zhang X, Song K, Tong F, Fei M, Guo H, Lu Z, et al. First case of COVID-19 in a patient with
multiple myeloma successfully treated with tocilizumab. Blood Adv 2020;4(7):1307-10.
Mihai C, Dobrota R, Schroder M, Garaiman A, Jordan S, Becker MO, et al. COVID-19 in a
patient with systemic sclerosis treated with tocilizumab for SSc-ILD. Ann Rheum Dis
2020;79(5):668-9.

. Guaraldi G, Meschiari M, Cozzi-Lepri A, Milic J, Tonelli R, Menozzi M, et al. Tocilizumab

in patients with severe COVID-19: a retrospective cohort study. Lancet Rheumatol
2020;2(8):e474-84. Epub 2020 Jun 24.

Rosas 10, Brau N, Waters M, Go RC, Hunter BD, Bhagani S, et al. Tocilizumab in hospi-
talized patients with COVID-19 pneumonia. medRxiv 2020 Sep 12. Epub ahead of print.
Roche Group Media Relations. Roche’s phase 11l EMPACTA study showed Actemra/
RoActemra reduced the likelihood of needing mechanical ventilation in hospitalised
patients with COVID-19 associated pneumonia [press release]. Basel, Switz: The
Roche Group; 2020. Available from: https://www.roche.com/media/releases/
med-cor-2020-09-18.htm. Accessed 2020 Sep 22.

Ding Q, Lu P, Fan Y, Xia Y, Liu M. The clinical characteristics of pneumonia patients
coinfected with 2019 novel coronavirus and influenza virus in Wuhan, China.

J Med Virol 2020;92(9):1549-55. Epub 2020 Mar 30.

Han X, Fan Y, Wan YL, Shi H. A diabetic patient with 2019-nCoV (COVID-19) infection
who recovered and was discharged from hospital. / Thorac Imag 2020;35(3):W94-5.
Patel AB, Verma A. COVID-19 and angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers: what is the evidence? JAMA 2020;323(18):1769-70.
Esler M, Esler D. Can angiotensin receptor-blocking drugs perhaps be harmful in the
COVID-19 pandemic? J Hypertens 2020;38(5):781-2.

. Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics.

Drug Develop Res 2020;81(5):537-40. Epub 2020 Mar 4.

Fedson DS, Opal SM, Rordam OM. Hiding in plain sight: an approach to treating
patients with severe COVID-19 infection. mBio 2020;11(2):e00398-20.

Peng YD, Meng K, Guan HQ, Leng L, Zhu RR, Wang BY, et al. Clinical characteristics
and outcomes of 112 cardiovascular disease patients infected by 2019-nCoV [article
in Chinesel. Zhonghua Xin Xue Guan Bing Za Zhi 2020;48(6):450-5.

Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin-angiotensin-aldosterone
system blockers and the risk of Covid-19. N Engl J Med 2020;382(25):2431-40. Epub
2020 May 1.

MARCH | MARS 2021



Clinical Review

8

S

85.

86.

87.

~

88.

89.

9

o

91.

=

92.
93.

W N

. Reynolds HR, Adhikari S, Pulgarin C, Troxel AB, Iturrate E, Johnson SB, et al.

Renin-angiotensin-aldosterone system inhibitors and risk of Covid-19. N Engl J Med
2020;382(25):2441-8. Epub 2020 May 1.

Lopes RD, Macedo AVS, de Barros e Silva PGM, Moll-Bernardes R}, Feldman A,
D’Andréa Saba Arruda G, et al. Continuing versus suspending angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers: impact on adverse outcomes
in hospitalized patients with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)—the BRACE CORONA trial. Am Heart J 2020;226:49-59. Epub 2020 May 13.
American College of Cardiology. BRACE CORONA: does temporarily suspending RAAS
inhibitors show clinical benefit in hospitalized COVID-19 patients? Washington, DC:
American College of Cardiology; 2020. Available from: https://www.acc.org/latest-
in-cardiology/articles/2020/08/29/02/40/tues-8am-brace-corona-continuing-
suspending-ace-inhibitors-arbs-esc-2020. Accessed 2020 Sep 22.

Meng J, Xiao G, Zhang J, He X, Ou M, Bi J, et al. Renin-angiotensin system inhibitors
improve the clinical outcomes of COVID-19 patients with hypertension.

Emerg Microbes Infect 2020;9(1):757-60.

Zhang P, Zhu L, Cai J, Lei F, Qin JJ, Xie J, et al. Association of inpatient use of
angiotensin-converting enzyme inhibitors and angiotensin Il receptor blockers with
mortality among patients with hypertension hospitalized with COVID-19. Circ Res
2020;126(12):1671-81.

Khera R, Clark C, Lu Y, Guo Y, Ren S, Truax B, et al. Association of angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers with the risk of
hospitalization and death in hypertensive patients with coronavirus disease-19.
medRxiv 2020;2020.05.17.20104943. Epub ahead of print.

. FitzGerald GA. Misguided drug advice for COVID-19. Science 2020;367(6485):1434.

Epub 2020 Mar 20.

Sodhi M, Etminan M. Safety of ibuprofen in patients with COVID-19: causal or con-
founded? Chest 2020;158(1):55-6. Epub 2020 Mar 31.

Little P. Non-steroidal anti-inflammatory drugs and covid-19. BMJ 2020;368:m1185.
Llitjos JF, Leclerc M, Chochois C, Monsallier JM, Ramakers M, Auvray M, et al. High
incidence of venous thromboembolic events in anticoagulated severe COVID-19
patients. ) Thromb Haemost 2020;18(7):1743-6. Epub 2020 May 27.

9

F

Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, Delabranche X, et al.
High risk of thrombosis in patients with severe SARS-CoV-2 infection: a multicenter
prospective cohort study. Intensive Care Med 2020;46(6):1089-98. Epub 2020 May 4.
Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers DAMPJ, Kant KM, et al.
Incidence of thrombotic complications in critically ill ICU patients with COVID-19.
Thromb Res 2020;191:145-7. Epub 2020 Apr 10.
96. Nadkarni GN, Lala A, Bagiella E, Chang HL, Moreno P, Pujadas E, et al. Anticoagula-
tion, bleeding, mortality, and pathology in hospitalized patients with COVID-19.
J Am Coll Cardiol 2020;76(16):1815-26. Epub 2020 Aug 26.
Lemos ACB, do Espirito Santo DA, Salvetti MC, Gilio RN, Agra LB, Pazin-Filho A, et al.
Therapeutic versus prophylactic anticoagulation for severe COVID-19: a randomized
phase Il clinical trial (HESACOVID). Thromb Res 2020;196:359-66. Epub 2020 Sep 21.
. National Institutes of Health. Antithrombotic therapy to ameliorate complications of
COVID-19 (ATTACC). Bethesda, MD: National Institutes of Health; 2020. Available from:
https://www.clinicaltrials.gov/ct2/show/NCT04372589. Accessed 2020 Oct 5.
National Institutes of Health. NIH ACTIV initiative launches adaptive clinical trials of
blood-clotting treatments for COVID-19. Bethesda, MD: National Institutes of Health;
2020. Available from: https://www.nih.gov/news-events/news-releases/nih-activ-
initiative-launches-adaptive-clinical-trials-blood-clotting-treatments-covid-19.
Accessed 2020 Oct 5.

95.

a

97.

~

9

[

©

9

This article is eligible for Mainpro+ certified Self-Learning credits. To earn
credits, go to www.cfp.ca and click on the Mainpro+ link.

This article has been peer reviewed.
Can Fam Physician 2021;67:171-9. DOI: 10.46747 /cfp.6703171

La traduction en francais de cet article se trouve a www.cfp.ca dans la
table des matiéres du numéro de mars 2021 a la page e69.

Vol 67: MARCH | MARS 2021 4 Canadian Family Physician | Le Médecin de famille canadien 179



