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ABSTRACT  
The novel coronavirus (SARS-CoV-2) infection, more commonly referred to as COVID-19, has rapidly developed into a worldwide pandemic 
with a significant health burden. At the time of this research there are no approved pharmacological treatments or preventative therapeutic 
strategies in place to combat the infection. However, globally, hundreds of clinical studies that aim to discover effective COVID-19 treatments 
are ongoing. This article summarises the rationale behind several of these interventional trials, including evidence from in vitro studies, and 
early results to provide an insight into the global response. As patients are being enrolled in clinical trials across the UK, some of the safety and 
practical considerations for the investigational medicines that pharmacists are most likely to encounter in practice are discussed as part of this 
review. 
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INTRODUCTION 

A novel coronavirus, designated severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), was first detected in 
December 2019 in Wuhan, China. It is a new strain of 
coronavirus, which causes an infection commonly referred to 
as COVID-19 that has not been previously identified in 
humans1. Global research efforts into potential treatments 
started in January 2020 and there are now thousands of 
studies looking at how to treat and manage the disease. 
While there are no antivirals licensed for use for this 
indication, data from other infectious coronaviruses, 
including severe acute respiratory syndrome (SARS) and the 
Middle East respiratory syndrome (MERS), as well as in vitro 
studies, demonstrate that there are potential benefits that 
could be obtained from antiviral therapy 2,3. 

On 20 March 2020, the World Health Organization (WHO) 
announced ‘Solidarity’, a large global trial that compares 
local standards of care with local standards of care plus one 
of the following treatments: remdesivir; hydroxyl-
chloroquine; lopinavir-ritonavir; or an arm that combines 
ritonavir-lopinavir with interferon-ß-1a. Adults with COVID-
19 admitted to participant hospitals can join this study4. As 
of 3 June 2020, around 3,500 patients have been enrolled 
from 35 countries4. 

In the UK, the ‘Randomised Evaluation of COVID-19 Therapy 
trial’ (RECOVERY) has recruited more than 11,748 patients 
from 176 NHS hospitals5. Version 6.0 of the study protocol 
outlines how its factorial design ensures that eligible and 
consenting participants may be randomised to one of the 
treatment arms in Randomisation A and, simultaneously, to 
one of the treatment arms in Randomisation B. 

This rapid review aims to summarise interventional trials, 
alongside in vitro studies, and examine several potential 
COVID-19 therapies to provide an insight into the global 
response to the COVID-19 pandemic. In addition, this rapid 
review considers what medicinal therapies pharmacists are 
most likely to encounter in practice, as a result of clinical 
trials, and the safety and practice considerations for these 
investigational medicines. 

METHOD 

A search of national and international publications was 
undertaken using the Embase and Medline databases, the 
medicines listed in the WHO International Clinical Trials 
Registry Platform and the following search terms: 
coronavirus; severe acute respiratory syndrome coronavirus 
2; 2019-nCoV; SARS-CoV-2; SARS-CoV; MERS-CoV and 
COVID-19. Articles were restricted to those published in 
English. The authors independently reviewed the titles and 
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abstracts for inclusion, including case reports that initially 
highlighted COVID-19 infection. Further relevant articles 
were identified from the citations referenced in articles 
reviewed. Active clinical trials were identified using: the 
disease search term ‘coronavirus infection’ on 
ClinicalTrials.gov; the index of studies of novel coronavirus 
pneumonia in the Chinese Clinical Trial Registry; and all 
COVID-19 registered trials listed on the NHS Health Research 
Authority website. Articles relating to MERS and SERS were 
also deemed necessary for inclusion. 

Medicines currently being fast-tracked through clinical 
trials 

There are no medicines currently approved to treat or 
prevent COVID-19, and no randomised controlled trial 
evidence that any treatment beyond best supportive care 
improves outcomes. However, many medicines are being 
investigated as part of nationally prioritised clinical trials. 

The following sections of this rapid review provide an 
overview of these new and repurposed medicines, including 
their mechanism of action, the rationale for potential 
treatment of COVID-19 and the current evidence base, as 
well as important practical considerations and implications 
for pharmacists involved in ongoing trials. 

1. Spike protein on the surface of SARS-CoV-2 uses the 
angiotensin-converting enzyme 2 receptor to gain entry to 
the host cell 2. The virus releases its ribonucleic acid (RNA) 
3. RNA is translated into polypeptides 4. Some polypeptides 
form RNA-dependent RNA polymerase, which is needed to 
make more RNA 5. Other polypeptides are cleaved by 
proteases to produce viral proteins 6. Proteins and RNA are 
assembled into a new virion 7. New virion is released from 
the host cell. 

 

 

Figure 1: Mechanism of action for several medicines that are being put through clinical trial 
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REMDESIVIR 

Mechanism of action 

Remdesivir is an adenosine analogue that incorporates into 
nascent viral ribonucleic acid (RNA) chains and results in 
premature termination, preventing virus replication3. It is 
widely distributed in the human body and is predominantly 
eliminated renally9. 

Rationale for use in the treatment of COVID-19 

Remdesivir is under clinical development for the treatment 
of Ebola virus infection; however, it is not currently licensed 
globally for any indication10. On 7 May 2020, remdesivir was 
approved for use in Japan and is now available in the United 
States under an emergency use authorisation11, 12, 13. On 26 
May 2020, the Medicines and Healthcare products 
Regulatory Agency (MHRA) gave the first positive scientific 
opinion under the Early Access to Medicines Scheme (EAMS) 
for use of remdesivir. Remdesivir will be available for 
patients in cases of high unmet medical need determined by 
a physician, where it will be provided to the NHS free of 
charge by Gilead throughout the EAMS period. It will also 
continue to be used in clinical trials14. This does not replace 
the normal licensing procedures for medicines, but supports 
prescribers and patients to decide on whether to use the 
medicine before its licence is approved11,12,13. 

A recent review summarises the activity of remdesivir in 
vitro and in vivo activity in animal models against the 
coronaviruses that cause MERS and SARS, which are 
structurally similar to COVID-1915. Two published in 
vitro studies have shown the potential effectiveness of 
remdesivir in treating COVID-19 and Ebola virus3,16. 

Pre-clinical trials 

Wang et al. studied the in vitro effects of varying 
concentrations of test drugs, including remdesivir, on 
COVID-19 infected Vero E6 cells3. The study demonstrated 
that both remdesivir and chloroquine potently blocked virus 
infection at low-micromolar concentration and showed high 
selectivity index (i.e. a ratio that measures the window 
between cytotoxicity and antiviral activity)17. 

Clinical trials 

A case report, authored by Holshue et al., of a man aged 35 
years with COVID-19, who was treated with intravenous 
remdesivir on day 7 of hospitalisation (day 11 of infection) 
in the United States, was published on 5 March 202018. The 
authors do not comment on the dose used. By day eight, the 
patient’s clinical condition had improved and, after two 
weeks, the patient was reported to be afebrile, with all other 
symptoms resolved — except his cough, which was 
decreasing in severity18.   

In February 2020, Gilead initiated two phase III clinical trials 
to evaluate the safety and efficacy of remdesivir in adults 
diagnosed with COVID-19 in China20,21. The first was a phase 
III randomised, double-blind, placebo-controlled, 
multicentre study to evaluate the efficacy and safety of 
remdesivir in hospitalised patients with mild and moderate 
COVID-19 respiratory disease20. This trial started on 12 
February 2020, but was suspended in April 2020 because, at 
the time of writing, the epidemic in China was felt to be well 
controlled and, therefore, eligible patients could no longer 
be recruited20. 

The second, phase III, randomised, double-blind, placebo-
controlled, multicentre study to evaluate the efficacy and 
safety of remdesivir in hospitalised patients with severe 
COVID-19 respiratory disease began on 6 February 

202021. Only adults were included in the trial (at all sites). 
Patients received continued standard of care therapy (based 
on undefined criteria) together with remdesivir 200mg on 
day 1, followed by 100mg once-daily for 9 days, depending 
on which arm of the study the patient was randomised 
to21. Despite this three-month trial initially having an 
estimated study completion date of early May 2020, the trial 
was also terminated in April 2020 as no eligible patients 
could be recruited. 

Remdesivir is currently being used in the UK as part of both 
global and European clinical trials. The first is the ‘Adaptive 
COVID-19 Treatment Trial’ (ACTT), which has recruited over 
1,000 patients globally and is being led in the UK and EU by 
the Medical Research Council (MRC) Clinical Trials Unit and 
University College London (UCL)22,23. The UCL-led part of the 
trial has recruited 79 patients, including 46 from the UK and 
was closed to new enrolments on 19 April 2020. High-level 
results for the first stage of the trial were reported on 29 
April 2020 and showed that remdesivir decreased recovery 
time in patients with COVID-1923. This resulted in a fast 
track emergency approval by the US Food and Drug 
Administration (FDA) of remdesivir for patients hospitalised 
with COVID-1924. 

The UK is also part of a multi-centre, adaptive, randomised 
trial of the safety and efficacy of treatments of COVID-19 in 
hospitalised patients (DisCoVeRy), which also has 
recruitment sites in France and Luxembourg25. The trial 
compares use of remdesivir 200mg administered 
intravenously on day one, followed by 100mg once-daily 
thereafter for the duration of the hospitalisation, up to a ten-
day total course, with either lopinavir-ritonavir; lopinavir-
ritonavir with interferon ß-1a; hydroxychloroquine; and 
normal standard of care. The DisCoVeRy trial has an 
estimated study completion date of March 202325. 

Safety and practical considerations 

Clinical safety data from patients with Ebola virus disease 
treated with multiple-dose intravenous administration of 
remdesivir showed the drug was well tolerated19. It can, 
however, increase liver enzymes between 5 and 25 days 
after initiating treatment20,21. In addition, reversible Grade 1 
or 2 alanine aminotransferase or aspartate aminotransferase 
(AST) elevations were observed in several patients without 
abnormalities in total bilirubin, alkaline phosphatase, or 
albumin21. 

Remdesivir did not show any effects on renal function in the 
multiple-dose study on patients with Ebola virus 
disease19. However, the formulation contains 
sulfobutylether-β-cyclodextrin, which is a solubilising agent, 
and should be used with caution in patients with renal 
impairment. Other reported adverse effects include infusion 
site phlebitis (i.e. inflammation of the vein) owing to the 
drug pH of 3–4, as well as headache, nausea, dyspepsia and 
constipation10. Patients with severe liver disease (e.g. Child-
Pugh score ≥ C, AST > five times the upper limit) and/or 
severe renal impairment (e.g. estimated glomerular filtration 
rate ≤30mL/min/1.73m2), or receiving continuous renal 
replacement therapy, haemodialysis or peritoneal dialysis 
are excluded from both of Gilead’s phase III trials20,21. 

Based on the rapid distribution, metabolism and clearance of 
remdesivir, the likelihood of clinically significant 
interactions is low9. However, remdesivir should not be co-
administered with carbamazepine, phenobarbitone, 
phenytoin, primidone or rifampicin as these are enzyme 
inducers and can reduce blood plasma concentrations of the 
medicine9. For a full list of drug interactions, pharmacists 
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should consult the University of Liverpool COVID-19 Drug 
Interactions website9. 

Other considerations 

Remdesivir has major patents across the world that last until 
203826. Gilead has increased production of remdesivir to 
meet the demand for use in COVID-19 trials, but there is 
concern that many countries will simply not be able to afford 
this14. 

FAVIPIRAVIR 

Mechanism of action 

Favipiravir, also known as T-705, is an antiviral drug 
developed in Japan in 2002 that inhibits viral RNA-
dependent RNA polymerase, preventing the virus from 
replication27. 

Rationale for use in the treatment of COVID-19 

Favipiravir is currently only licensed in Japan for influenza28. 
As drug discovery takes a significant length of time, there is 
interest to examine whether existing antiviral medicines — 
particularly their mechanism of action — would be effective 
in treating coronaviruses, such as COVID-19. 

Clinical trials and studies 

An open-label, non-randomised, control study, conducted by 
Cai et al. in the isolation ward of the national clinical 
research centre for infectious diseases in Shenzhen, China, 
examined the effects of favipiravir versus lopinavir-ritonavir 
for the treatment of COVID-1929. The dose of favipiravir used 
was 1600mg twice-daily on day 1 and 600mg twice-daily on 
days 2–14. The dose of lopinavir-ritonavir used was 400mg 
lopinavir and 100mg ritonavir twice-daily. Both favipiravir 
and lopinavir-ritonavir were continued until either viral 
clearance was confirmed or until 14 days had passed. A total 
of 35 patients were included in the favipiravir 
(experimental) arm and 45 patients in the lopinavir-
ritonavir (control) arm. The authors reported that patients 
receiving favipiravir had a faster viral clearance and a higher 
improvement rate in chest imaging compared to those in the 
control arm. Interestingly, there were more adverse events 
observed in the control arm than in the experimental arm 
and no patients needed to discontinue favipiravir 
treatment29. 

Favipiravir is also being investigated in three active trials in 
China, with all three trials using the same dose of favipiravir 
for 7–14 days. The first is a clinical trial of favipiravir 
combined with chloroquine phosphate for the treatment of 
COVID-19 pneumonia30. The trial commenced on 5 March 
2020, has a proposed study completion date of 25 June 2020 
and aims to recruit 150 participants. The study has three 
treatment arms: 1) favipiravir plus chloroquine phosphate 
(favipiravir dose 1600mg twice-daily on day 1 and 600mg 
twice-daily on days 2–10, with chloroquine 
phosphate 500mg twice-daily on day 1, 500mg once-daily on 
days 2–3 and 250mg once-daily on days 4–10); 2) favipiravir 
alone (dose as in treatment arm 1); and 3) placebo30.  

The second trial aims to evaluate the efficacy and safety of 
favipiravir combined with tocilizumab for the treatment of 
COVID-1931. This trial is still actively recruiting. Participants 
are randomised to three treatment arms: 1) favipiravir with 
tocilizumab (favipiravir dose 1600mg twice-daily on day 1 
and 600mg twice-daily on days 2–7, plus tocilizumab where 
the first dose is between 4 to 8mg/kg and the recommended 
dose is 400mg); 2) favipiravir alone (dose as in treatment 
arm 1); and 3) placebo31.  

Lastly, the third trial aims to evaluate the mechanism, 
clinical outcome, and therapeutic efficacy with favipiravir of 
COVID-19 patients whose nucleic acids changed from 
negative to positive32. Participants are randomised either to 
favipiravir (dose 1600mg twice-daily on day 1 and 600mg 
twice daily on days 2–7; the maximum number of days taken 
is 14) or regular treatment (treatments other than lopinavir 
and ritonavir, chloroquine phosphate, hydroxychloroquine 
sulfate, umifenovir and colomycin can be given). The trial 
aims to recruit around 210 participants and has an 
estimated study completion date of 15 September 202032. 

Safety and practical considerations 

Transient thrombocytopenia (abnormally low levels of 
platelets), elevated liver enzyme levels and 
lipaemia (abnormally high blood concentration of emulsified 
fat) was found in an animal study of Lassa virus infection 
using an elevated dosing regimen of favipiravir33. 

Use of favipiravir in an Ebola virus patient, reported by 
Chinello et al. suggests that when administered at high 
doses, it may cause corrected QT (QTc) interval 
prolongation34. 

Favipiravir is known to be teratogenic; therefore, 
administration should be avoided in women if pregnancy is 
confirmed or suspected28,27. 

Data on drug interactions is extremely limited; however, 
one in vitro study suggests that there may be an interaction 
between favipiravir and paracetamol35. Although Zhao et 
al. concluded the interaction is unlikely to be clinically 
significant, they suggest that a conservative clinical 
recommendation would be to limit maximum daily 
paracetamol dosage to 3g (rather than the conventional 4g) 
in patients concomitantly taking favipiravir35. 

Favipiravir may potentially increase the exposure of 
cephalexin, flucloxacillin and penicillins9. Concentrations of 
estradiol, ethinylestradiol and progesterone may also be 
affected by favipiravir9. 

Other considerations 

There is also some data that suggests non-Asian people may 
need higher doses of favipiravir, but this is difficult to 
conclude as the phase I pharmacokinetic studies on 
favipiravir were conducted in Japan for influenza and in 
Guinea for Ebola36. 

Favipiravir is available as 200mg tablets and the WHO has 
reviewed the available evidence to consider whether 
favipiravir (either a loading dose of 1600mg or 1800mg 
followed by either 600mg three times per day or 800mg 
twice per day for 14 days) should be included in the 
Solidarity trial. At the time of the WHO’s consultation, which 
was published on 10 April 2020, it was felt that additional 
pre-clinical data were required. Favipiravir may have some 
benefits in combination with other antivirals to boost 
antiviral activity or decrease resistance; however, given the 
potential regimen, consideration needs to be given to the 
number of tablets a patient would have to take in a day and 
whether this is practical36. 

CHLOROQUINE 

Mechanism of action 

Chloroquine is an aminoquinoline derivative with 
demonstrable anti-malarial and anti-inflammatory 
properties. The mechanisms of action of chloroquine across 
its diverse range of indications are disparate and are not 
fully understood. In vitro studies have shown that 
chloroquine and hydroxychloroquine can both inhibit SARS-
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CoV-2 transmission through alkalinisation of the 
intracellular phagolysosome, which prevents virion fusion 
and uncoating and, therefore, viral spread3,37,38. 

Clinical trials 

On 13 May 2020, the ‘(Hydroxy)Chloroquine RepurpOsing to 
healthWorkers for Novel CORONAvirus mitigaTION (CROWN 
CORONATION) international, multi-site, Bayesian platform 
adaptive, randomised, double-blind, placebo-controlled trial’ 
assessing the effectiveness of varying doses of oral 
chloroquine was approved by the US National Institute for 
Health Research39,40. The trial is funded by the Bill & Melinda 
Gates Foundation to prioritise the protection of healthcare 
workers and aims to enlist 55,000 participants worldwide. 
Those participating will be randomised into one of four 
treatment arms: low-dose (300mg chloroquine base [i.e. the 
drug without the salt] weekly), medium-dose (300mg 
chloroquine base twice-weekly), high-dose (150mg 
chloroquine base daily) or placebo. In all treatment arms, an 
induction dose of 1200mg chloroquine base (or the 
equivalent number of placebo tablets in the placebo arm) 
will be taken in four divided daily doses (that is 300mg 
chloroquine base per day for four days) before starting the 
low-, medium-, or high-dose regimen. The trial is not yet 
recruiting at the time of publication of this review40. 

Rationale for use in the treatment of COVID-19 

Based on their results from in vitro studies, Vincent et al. 
propose that both SARS and COVID-19 rely on interaction 
with angiotensin-converting enzyme 2 (ACE2) receptors for 
cell entry, and that chloroquine may interfere with terminal 
glycosylation of ACE2 receptors, effectively inhibiting virus 
entry41. Indeed, several in vitro studies have investigated the 
potential of chloroquine for treating coronaviruses with a 
focus on SARS, MERS, and COVID-19 infections respectively; 
however, owing to the side effect profile and tolerability, 
most of the current clinical trials currently taking place 
choose to use hydroxychloroquine over chloroquine — these 
are described below3,42,43. 

HYDROXYCHLOROQUINE SULPHATE 

Mechanism of action 

Hydroxychloroquine is thought to block virus infection by 
increasing endosomal pH required for cell fusion, therefore 
preventing virion fusion44. In addition, it has been suggested 
that it may have immunomodulatory effects, but its full 
mechanism of action remains unclear45. 

Rationale for use in the treatment of COVID-19 

Part of the rationale in considering the use of 
hydroxychloroquine came from clinical experience of using 
chloroquine with SARS and MERS 46. At present, in 
vitro studies show activity against SARS, COVID-19 and other 
coronaviruses, with hydroxychloroquine having higher 
potency against COVID-19 in comparison to chloroquine37. 

Clinical trials and studies 

One small study of 36 patients, conducted by Gautret et al. in 
France reported that participants treated with 
hydroxychloroquine alone, or in combination with 
azithromycin, had reduced detection of COVID-19 RNA in 
upper respiratory tract specimens when compared with a 
non-randomised control group47. However, in addition to the 
small sample size, there were differences in baseline viral 
load between the hydroxychloroquine group versus the 
combination treatment group. Patients were included in a 
single arm protocol between 1-16 March 2020 and received 
200mg of hydroxychloroquine three times per day. The 20 
participants treated with hydroxychloroquine showed 
significant reduction of viral carriage and more efficient viral 
elimination with azithromycin added47. The results show 
hydroxychloroquine is efficient in clearing viral 
nasopharyngeal carriage of COVID-19 in most patients 
within three to six days. A statistically significant difference 
was noted between hydroxychloroquine/azithromycin-
treated patients and controls starting from day 3 onwards 
(see Figure 2)47. 

 

 

Figure 2: Percentage of patients with PCR-positive nasopharyngeal samples from inclusion to day 6 post-inclusion in COVID-19 
patients reported by Gautret et al. 

Source: International Journal of Antimicrobial Agents47 
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PCR: polymerase chain reaction 

A study conducted by Chen et al. in China aimed to assess the 
effectiveness of hydroxychloroquine in the treatment of 
patients with COVID-1948. In this study, 15 patients received 
400mg daily of hydroxychloroquine for 5 days, along with 
other conventional treatments (which were not specified in 
the trial documentation), while 15 patients received just 
conventional treatments. On day 7, 13 patients in the 
hydroxychloroquine group returned negative COVID-19 
nucleic acid throat swabs, in comparison to the control 
group that received 14 negative swabs within the same 
period. Data were collected to determine the length of time it 
took for body temperature to return to normal or the 
number of participants with disease progression as per CT 
scans48. No significant differences were observed across the 
two arms. 

Between the control and hydroxychloroquine group, the 
average time it took for the participant’s body temperature 
to normalise was statistically comparable48,49. However, it is 
difficult to distinguish whether participants in these trials 
were solely on one regime of medication or a combination of 
drugs; therefore, it may be difficult to establish the efficacy 
of hydroxychloroquine from these results48,49. 

Hydroxychloroquine was also being evaluated in the 
RECOVERY trial, but this was stopped as no clinical benefits 
were observed6,7. Participants randomised to this arm 
received an initial oral dose of 800mg, followed by 800mg 6 
hours later, 400mg 6 hours later, 400mg 12 hours later and 
another 400mg given every 12 hours thereafter for a total of 
10 days. All eligible participants had an electrocardiogram 
prior to treatment and those with a QTc interval of 450ms or 
over were excluded, along with those already on a macrolide 
antibiotic (e.g. azithromycin)5. Hydroxychloroquine is also 
part of the DisCoVeRy trial. 

The double-blind, randomised, placebo-controlled 
‘Chloroquine/Hydroxychloroquine Prevention of 
Coronavirus Disease (COVID-19) in the Healthcare Setting 
(COPCOV)’ study, initially announced by the University of 
Oxford on 29 April 2020, has now been paused50,51. The 
study aimed to recruit 40,000 healthcare workers with 
confirmed or suspected COVID-19 from Europe, Africa and 
Asia. As part of the original trial protocol, participants could 
be followed up for a further five months and were 
randomised to either receive 
chloroquine/hydroxychloroquine or a placebo. The 
treatment group received a loading dose of 10mg base/kg 
(four 155mg tablets for a 60kg subject), followed by 155 mg 
daily (250mg chloroquine phosphate salt/200mg 
hydroxychloroquine sulphate) for 90 days. If participants 
were diagnosed with COVID-19, they would continue to take 
the study medication unless advised to stop by their 
healthcare professional, or for 90 days after enrolment, 
whichever is sooner. On 22 May 2020 the MHRA asked to 
pause recruitment to the COPCOV trial owing to ongoing 
concerns around hydroxychloroquine50. 

Cambridge University Hospitals NHS Foundation Trust also 
initiated a double-blind, randomised, placebo-controlled 
trial in a cohort of frontline healthcare workers, who may 
potentially be exposed to COVID-1952,53. Participants will be 
randomised to one of three arms and receive either: 
hydroxychloroquine daily (loading phase: 800mg for first 2 
days; maintenance phase: a 200mg tablet once-daily) plus a 
weekly placebo, hydroxychloroquine weekly (loading phase: 
800mg for first 2 days; maintenance phase: two 200mg 
tablets every seventh day/weekly ) plus a daily placebo; or 
placebo (daily and weekly)3,52,53. Participants will be 
reviewed at an interim visit six weeks after baseline and 

again at the end of the study, around 90 days after 
randomisation. Participants will also complete brief 
questions about their health weekly while on treatment (i.e. 
remotely via app/web/phone). At the time of publication, 
this study has been temporarily halted. 

Lastly, Sanofi are sponsoring a UK trial that aims to evaluate 
the effect of hydroxychloroquine with standard of care, 
compared with standard of care only on oxygen 
saturation/fraction of inspired oxygen (SpO2/FiO2) ratio in 
adult patients hospitalised with moderate to severe COVID-
1952,53,54. Information on doses and recruitment are not 
currently specified on the European Union Clinical Trials 
Register53. 

Safety and practical considerations 

The most commonly reported side effects associated with 
hydroxychloroquine include nausea and abdominal pain, 
headaches and rashes. Rare side effects include bruising or 
infection45. It is to be noted that a very rare side effect is 
toxicity to the back of the eyes, which is usually only seen 
when hydroxychloroquine has been taken for over five 
years45. As with all immunosuppressant medication, 
recommendations on safe sun exposure should be followed, 
due to an increased risk of long-term skin damage45. 

The FDA released a drug safety communication on the 24 
April 2020, stating that hydroxychloroquine and 
chloroquine can cause abnormal heart rhythms, such as QT 
interval prolongation and ventricular tachycardia55. These 
risks may increase when these medicines are combined with 
other medicines known to prolong the QT interval, for 
example azithromycin, and the FDA state that these drugs 
should therefore only be used in a clinical trial setting for 
treating COVID-1955. 

A retracted observational study by Mehra et al., using a 
multinational registry across six continents, examined the 
effects of both hydroxychloroquine and chloroquine on 
COVID-19 patients who have been hospitalised56. The 
authors reported that among patients receiving the drug, 
when used alone or with a macrolide, there was decreased 
in-hospital survival and an increased frequency of 
ventricular arrhythmias when used for treatment of COVID-
19. As a result, the MHRA published concerns relating to the 
use of hydroxychloroquine as a treatment for patients with 
COVID-1957. 

On 23 May 2020, the executive group of the Solidarity trial 
implemented a temporary pause of the hydroxychloroquine 
arm within the trial, while the safety data was reviewed by 
the Data Safety Monitoring Board4. The WHO has stated, 
however, that both hydroxychloroquine and chloroquine are 
accepted as generally safe for use in patients with 
autoimmune diseases or malaria4. On 3 June 2020, the WHO 
announced that on the basis of the available mortality data, 
the members of the committee recommended that there are 
no reasons to modify the trial protocol. The executive group 
received this recommendation and endorsed the 
continuation of all arms of the Solidarity trial, including 
hydroxychloroquine4. 

Hydroxychloroquine is known to interact with several 
medications, including increasing plasma digoxin levels, 
enhancing the effects of hypoglycaemic treatments and 
impairing antiepileptic drug activity if given concurrently45. 

Caution should be used with concomitant use of QT 
prolonging agents. Please refer to the British National 
Formulary and the electronic medicines compendium for a 
complete list of interactions45,58. 
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Contraindications to hydroxychloroquine include 
hypersensitivity to the active substance; 4-aminoquinoline 
compounds; pre-existing maculopathy of the eye; Lapp 
lactase deficiency; glucose-galactose malabsorption; 
pregnancy; and children aged less than six years45. 

Other considerations 

There are conflicting reports in the media about the use of 
both chloroquine and hydroxychloroquine for the treatment 
of COVID-19. The study by Mehra et al. prompted the 
exclusion of hydroxychloroquine from the Solidarity 
trial56. However, the authors stated that there are several 
limitations to their findings, such as the presence of 
cardiovascular comorbidity in the study population, which 
could partially explain the observed risk of increased 
cardiovascular toxicity with the use of chloroquine or 
hydroxychloroquine, especially when used in combination 
with macrolides. There is the possibility of unmeasured 
confounding factors and uncertainty over whether the 
association of increased risk of in-hospital death with use of 
the drug regimens is linked directly to cardiovascular risks. 
In addition, the authors did not conduct a drug dose-
response analysis of the observed risks and the findings 
should therefore be interpreted with caution56. On 6 June 
2020, three of the study’s four authors made the decision to 
retract this study after they were unable to independently 
verify the data used for their analysis56. The implications of 
this will add to the controversy surrounding 
hydroxychloroquine. 

LOPINAVIR-RITONAVIR 

Mechanism of action 

Lopinavir and ritonavir inhibit protease, an enzyme that HIV 
and coronaviruses use to replicate. In HIV, inhibition of HIV 
protease prevents cleavage of the gag-pol polyprotein, 
resulting in the production of immature, non-infectious 
virus16,59. Ribavirin, a synthetic nucleoside analogue, has 
been used in combination with lopinavir and ritonavir and is 
said to work against viruses60. 

Rationale for use in the treatment of COVID-19 

Lopinavir showed in vitro antiviral activity against SARS; 
however, when combined with ribavirin, the concentration 
of lopinavir increased, suggesting ribavirin works 
synergistically60. 

Lopinavir–ritonavir in combination with ribavirin also 
showed reduced fatality rate and milder disease course 
during an open clinical trial in 152 patients admitted to the 
United Christian Hospital and Caritas Medical Centre, Hong 
Kong, during the 2003 SARS outbreak60. 

Clinical trials and studies 

A randomised, controlled, open-label trial involving 199 
hospitalised adult patients with confirmed COVID-19 
infection conducted by Cao et al. randomised patients into 
two arms; 99 were assigned to the lopinavir-ritonavir group, 
and 100 to standard care61. The primary endpoint was the 
time to clinical improvement, defined as the time from 
randomisation to either an improvement of two points on a 
seven-category ordinal scale or discharge from the hospital, 
whichever came first. The exact descriptions of standard 
care were not provided as this varied between patients, but 
generally consisted of supplemental oxygen, non-invasive 
and invasive ventilation, antibiotic agents and 
extracorporeal membrane oxygenation. Results obtained 
from patients taking lopinavir-ritonavir showed no 
difference from standard care in the time to clinical 
improvement, with the mortality at 28 days somewhat 

similar in both groups (19.2% with lopinavir-ritonavir and 
25.0% in the standard care group)61. In those who were 
hospitalised with severe COVID-19, no benefit was observed 
in treatment with lopinavir–ritonavir beyond standard care. 

A cohort study by Young et al. used lopinavir–ritonavir at 
different doses to understand the clinical course in 18 
COVID-19 patients in Singapore62. Of the 18 patients, 5 were 
treated with lopinavir-ritonavir (200mg/100mg) twice-
daily, which is half the usual dose of lopinavir. Of these 
patients, the clinical condition of two deteriorated. The low 
dose of lopinavir-ritonavir used in this study and the limited 
number of participants may explain the results; however, 
only when additional larger randomised trials are 
undertaken will any possibility of benefits of treatment be 
established. 

Lopinavir-ritonavir has also been included as a treatment 
arm within the RECOVERY trial5. Lopinavir 400mg with 
ritonavir 100mg will be given orally every 12 hours for 10 
days. To avoid depleting the current available stock for 
patients using the drugs for conditions such as HIV, the trial 
supply will be sourced from Public Health England5. 

Safety and practical considerations 

Information surrounding the synergistic abilities of ribavirin 
and lopinavir-ritonavir is limited. This may be owing to a 
lack of comprehensive understanding of the mechanism of 
action of this combined treatment and reflects the limited 
studies undertaken at present. 

Side effects of lopinavir-ritonavir include - but are not 
limited to — anaemia, angioedema, diarrhoea, dizziness, dry 
mouth, increased risk of infection, menstrual cycle 
irregularities, myopathy, Stevens-Johnson syndrome, QT 
prolongation and torsade de pointes, atrioventricular block, 
PR prolongation, renal failure and hepatotoxicity61,59,63. In 
light of the number of interactions that can occur with 
concomitant use, pharmacists should refer 
to https://www.covid19-druginteractions.org/ for further 
information. 

Other considerations 

Data on the use of ribavirin with lopinavir-ritonavir is very 
limited, with results from only in vitro studies currently 
published. Although Chu et al. used ribavirin alone to treat 
coronaviruses, it is not being used in any current COVID-19 
trial. The efficacy of triple therapy for the treatment of SARS 
and COVID-19 is yet to be fully studied and documented in 
humans60. 

CORTICOSTEROIDS 

A class of steroid hormones, corticosteroids are a range of 
chemically related compounds that can be classified 
according to their glucocorticoid or mineralocorticoid 
effects. They are among the most potent anti-inflammatory 
and immunosuppressive drugs available to treat a range of 
indications64. 

Mechanism of action 

Corticosteroids have a good inhibitory effect on 
inflammatory factors. The main anti-inflammatory effect of 
glucocorticoids is to inhibit many pro-inflammatory genes 
that encode cytokines, chemokines, cell adhesion molecules, 
inflammatory enzymes, and receptors to address the 
inflammatory process and restore homeostasis65. 

Corticosteroids, particularly glucocorticoids, used in the 
treatment of inflammation generally target or influence the 
actions of inflammatory proteins. They increase the rate of 
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synthesis of anti-inflammatory proteins while attenuating 
pro-inflammatory protein synthesis. 

Rationale for use in the treatment of COVID-19 

Owing to their potential effect on the rate of synthesis of 
both anti-inflammatory and pro-inflammatory proteins, in 
theory, corticosteroids may have a role in limiting or 
suppressing lung inflammation in COVID-1966. 

Patients infected with MERS or SARS have previously been 
treated with high-dose corticosteroids; however, reported 
outcomes in key studies demonstrated greater harm than 
benefit67,68,69,70,71. Documented complications associated 
with this strategy include delayed clearance of viral RNA 
from the respiratory tract, psychosis, avascular necrosis and 
diabetes67,68,69,70,71. However, evidence from a 2006 
retrospective cohort study of 401 SARS-infected patients by 
Chen et al. found that low-to-moderate doses of steroids 
reduced mortality and duration of hospital stay72.  

A more recent systematic review and meta-analysis by 
Yang et al. reaffirmed the need for caution when using these 
drugs to treat COVID-1973. Results from 5,270 patients from 
15 studies indicated that corticosteroids are generally 
associated with higher mortality, though corticosteroids are 
more likely to be used as treatment for patients with severe 
illness73. The authors concluded that corticosteroids are not 
recommended for patients with mild manifestations of 
COVID-19 as, with increasing severity of infection, the 
greater the potential benefit of their anti-inflammatory 
actions73. Treatment of COVID-19 with corticosteroids and 
the associated immune suppression has been shown to 
cause higher rates of bacterial infection and other 
complications, thus consolidating the need for caution73. The 
main limitation of this meta-analysis was a lack of high-level 
evidence as the included studies did not involve randomised 
controlled trials73. 

Clinical trials 

Several corticosteroids including methylprednisolone, 
dexamethasone, prednisolone and hydrocortisone have been 
used in clinical trials. A multi-centre, prospective, 
randomised, and open-label study in China aims to evaluate 
whether methylprednisolone improves the prognosis of 
patients with COVID-19 infection and will compare the 
degree of lung injury (as quantified by a Murray Lung Injury 
Score) between patients receiving 40mg 
methylprednisolone every 12 hours for five days versus 
patients receiving standard, supportive therapy74. Results of 
this study are not yet available. 

The RECOVERY trial includes low-dose dexamethasone in 
one of the five treatment arms5. Patients randomised for this 
treatment receive 6mg of steroid expressed as 
dexamethasone base, in either intravenous or oral form. 
However, pregnant women instead receive either 40mg oral 
prednisolone once-daily or 80mg intravenous 
hydrocortisone twice-daily. Eligible patients are being 
treated for up to ten days or until discharge, whichever is 
shorter. The primary outcome for this study is all-cause 
mortality at 28 days after randomisation5. Recruitment of 
adult patients to the dexamethasone arm of the RECOVERY 
trial closed on 8 June 2020 owing to sufficient adult 
enrolment levels. However, at present, children will still be 
recruited into this arm75. 

Results from this arm of the RECOVERY trial were published 
on 16 June 2020. A total of 2,104 patients were randomised 
to receive dexamethasone 6mg once-daily (either by mouth 
or by intravenous injection) for 10 days and were compared 
with 4,321 patients randomised to usual care alone. Among 

the patients who received usual care alone, 28-day mortality 
was highest in those who required ventilation (41%), 
intermediate in those patients who required oxygen only 
(25%), and lowest among those who did not require any 
respiratory intervention (13%).  

The results show that dexamethasone reduced deaths by a 
third in ventilated patients (rate ratio 0.65 [95% confidence 
interval 0.48 to 0.88]; P =0.0003) and by a fifth in other 
patients receiving oxygen only (0.80 [0.67 to 
0.96]; P =0.0021). However, there was no benefit among 
those patients who did not require respiratory support (1.22 
[0.86 to 1.75]; P =0.14). 

Safety and practical considerations 

Knowledge of the glucocorticoid and mineralocorticoid 
activity of individual steroids is important when screening 
these drugs in the clinical setting. These properties can 
influence a variety of clinical factors including fluid and 
electrolyte balance (e.g. dexamethasone is a high-potency 
glucocorticoid with negligible mineralocorticoid effects)76. 
Methylprednisolone and prednisolone have predominantly 
glucocorticoid effect, while hydrocortisone has relatively 
higher mineralocorticoid activity64. 

Steroids differ in their anti-inflammatory potencies, kinetic 
and biological half-lives76. They may also inhibit immune 
responses as discussed above. Where rapid and intensive 
glucocorticoid effect is required, intravenous over oral 
treatment may be indicated. As intravenous and oral 
dexamethasone is being used in the RECOVERY trial, 
consideration should be given to the pregnancy status of the 
patient as dexamethasone readily crosses the placental 
barrier76. Therefore, either prednisolone or hydrocortisone 
should be used in pregnant patients as an alternative 
treatment. This is because both prednisolone and 
hydrocortisone are converted by the placenta into inactive 
forms (e.g. prednisolone is converted into inactive 
prednisone or cortisone)5,77. 

Other considerations 

Patients with coronaviruses treated with corticosteroids 
have experienced side effects owing to their 
immunosuppressive effects, meaning that caution must be 
exercised when considering using the treatment. It is also 
difficult to conclude whether the increased mortality 
observed in severely ill patients treated with corticosteroids 
is a function of the drugs used or the severity of illness67,73. 

INTERFERONS 

A group of naturally occurring proteins, interferons are an 
important category of protein-based therapeutics — or 
biologics. They are a heterogeneous group of cytokines with 
complex biological functions and distinct characteristics, 
and broadly include type I interferons (interferon-α and 
interferon-β) and type II interferons (interferon-γ)78.  

Rationale for use in treatment of COVID-19 

Endogenous interferons are produced in response to viral 
infections and modulate the immune response by exerting 
anti-viral activity. In addition, other coronaviruses — 
namely MERS and SARS — have previously been shown to 
be highly susceptible to interferon treatment in vitro79. 

Interferon-α-2b, in PEGylated form (conjugated with 
polyethylene glycol [PEG]), has previously been investigated 
in a MERS retrospective cohort study examining the effects 
of ribavirin and interferon-based therapy (PEG-Interferon-α-
2a, PEG-Interferon-α-2b and interferon-β-1a) on 90-day 
mortality and viral RNA clearance80. Logistic regression and 
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Cox-proportional hazard analyses (with respect to their 
corresponding odds ratio and hazard ratio outputs) 
indicated statistically significant increases in 90-day 
mortality in patients who received ribavirin/interferon 
treatment over those who did not receive these treatments. 
MERS RNA clearance was not significantly increased by the 
presence of either treatment80. 

In another MERS retrospective cohort study, multi-variate 
adjusted logistic regression results indicated a non-
statistically significant difference in the odds of mortality 
when either interferon-α or interferon-β were 
administered81. 

Interferon-β1b has been investigated in both in vitro and in 
vivo non-human primate studies82. In the latter, 
administration of interferon-β1b resulted in statistically 
significant reductions in mean viral (MERS) load and disease 
severity in treated versus non-treated primates82. 

Interferon-γ differs from interferon-β and interferon-α in 
that it is a type II interferon. It has been investigated in in 
vitro studies in combination with interferon-β, which 
illustrated synergistic and greater activity compared with 
use of either agent alone to reduce SARS replication in cell 
culture83. 

Clinical trials 

At the time of publication, 2 UK-based trials could also be 
identified on the EU Clinical Trials Register and a total of 17 
trials were documented on the American Clinical Trial 
Registry as investigating interferons for coronaviruses84,85. 
In the UK, a nebulised form of interferon-β formulated by 
Synairgen Research Limited is currently being used as part 
of an ongoing, randomised, double-blind and placebo-
controlled trial to examine its efficacy in reducing the 
severity of lung infection associated with COVID-1986. 
Patients receive either drug or placebo via inhalation once-
daily for 14 days. 

The ‘Randomized, Embedded, Multifactorial Adaptive 
Platform trial for Community-Acquired Pneumonia’ has 198 
active sites with 1008 total patients randomised to date over 
14 countries, including the UK87. It now includes a new 
domain-specific for immune-modulating treatment, 
including interferon-β-1a, as part of the COVID-19 response. 
This has been included as many patients with COVID-19 
infection present with community-acquired pneumonia. The 
drug will be administered intravenously through either a 
central or peripheral line once each day for six days or up to 
hospital discharge — whichever is shorter87. 

Safety considerations 

Licensed medicinal interferons in the UK may broadly fall 
into one of the following categories: interferon-β; interferon-
α; and interferon-γ1b. Interferon-β and interferon-α have 
also been produced in PEGylated forms to extend 
therapeutic half-life, and reduce clearance and 
immunogenicity88. 

The use of interferons is restricted to specialist settings. 
While their medicinal forms are expressed in terms of 
international units (IU)/mL, different preparations of 
interferon have different specific biological activities. For 
this reason, it is inappropriate to compare their antiviral 
actions using IU/mL89. 

Other considerations 

Owing to their different specific biological activities, 
particular expertise is required to compare the varying 
antiviral actions of interferons. They are generally expensive 

to procure and interferon-β is currently only recommended 
by NICE for the treatment of its licensed indications on the 
condition that manufacturers provide them on discounted 
patient access schemes90. 

DISCUSSION AND CONCLUSIONS 

COVID-19 is a global pandemic that has caused more than 
468,308 deaths worldwide91. Researchers are 
currently investigating the potential role of more than 60 
medicines as treatments for the disease. Although this article 
summarises the current evidence related to several of the 
main investigational drugs being used in clinical trials for 
the treatment of COVID-19, as of 23 June 2020 there are no 
licensed medications for the treatment of the disease. 

The RECOVERY trial is of high importance to UK; however, it 
should be noted that: 

 Not all trial arms may be appropriate for a patient (e.g. 
owing to contraindications based on comorbidities or 
concomitant medication); 

 Within some trusts, not all treatment arms may be 
undertaken (e.g. owing to manufacturing and supply 
shortages); 

 Not all treatment arms will always be active (e.g. owing 
to lack of relevant approvals and contractual 
agreements)5. 

This review has provided an overview of the main medicines 
currently being investigated in clinical trials for the potential 
treatment of COVID-19 and has highlighted the potential 
benefits and issues of their use in practice. 

Some evidence indicates that remdesivir could be a 
promising treatment option for COVID-19, but data is limited 
and further study data is warranted. It is unknown how 
much remdesivir may cost if the therapy is used more widely 
for treatment , but Gilead are taking steps to expand its 
supply globally. 

Although favipiravir is not currently included in any of the 
UK trials for COVID-19, it has the potential to be 
advantageous as it is a broad-spectrum antiviral, has 
antiviral activity against different RNA viruses and a high 
barrier for resistance. However, safety and potency issues 
need to be overcome before this drug could be used to treat 
large patient groups. The WHO continues to review and 
consider its inclusion in the Solidarity trial, and will share 
further information when available36. 

There is interest in the prospect of hydroxychloroquine in 
treating COVID-19, given the clinical experience of using 
chloroquine to treat other coronaviruses (e.g. SARS and 
MERS); however, current data is insufficient to draw any 
conclusions on the efficacy of hydroxychloroquine in the 
treatment of COVID-19. Owing to its removal from the 
RECOVERY trial, it is less likely that pharmacists in the UK 
will encounter this medicine. 

There is limited information on the use of triple therapy of 
lopinavir-ritonavir combined with ribavirin in treating 
COVID-19. Until further research is carried out, evidence of 
the significance of the combination of these drugs remains 
inconclusive5. In addition, until recently there was difficulty 
in acquiring liquid preparations, which would have 
prevented certain patient types from receiving treatment 
in all arms of trials that include this treatment. With this 
issue now resolved, there is an opportunity to increase the 
number of potential patients treated with lopinavir-
ritonavir. 
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Furthermore, provisions should be put in place locally at a 
site level to prevent lopinavir-ritonavir and hydroxyl-
chloroquine being prescribed for patients who have not 
consented to inclusion in the RECOVERY trial. This presents 
an opportunity for pharmacists to work as part of 
multidisciplinary teams to ensure safe prescribing practices 
and optimum patient care. 

High-level evidence in the form of randomised clinical trials 
is lacking and published research focusing on the clinical use 
of corticosteroids for treating coronaviruses is currently 
limited to observational or cohort studies. Corticosteroids 
exhibit both anti-inflammatory and immunosuppressant 
effects, which confers both benefits and risks in the context 
of treating COVID-19. The preliminary results of the 
RECOVERY trial show dexamethasone to be a low-cost, 
effective treatment for patients needing oxygen treatment. 
The results of other clinical trials will establish further 
evidence for this group of drugs.  

Interferons are complex both endogenously and in 
pharmaceutical form; clinically they must be carefully used 
by those with experience in their use. Should interferon-β 
prove clinically useful in the treatment of COVID-19, there 
will be challenges in making it widely available owing to its 
high cost. 

It is likely that overcoming COVID-19 will include a 
combination of measures, including these medicinal 
therapies currently under investigation. In addition, 
preventative therapeutic strategies, such as vaccines, may be 
in place to help curb the spread of the infection. Pharmacists’ 
contribution to managing the treatment of patients with 
confirmed or suspected COVID-19 is vital, given the potential 
drug interactions, side effects and contraindications. 

In the current climate, patients admitted to hospital with 
COVID-19 infection can present with a wide range of clinical 
issues. Despite the lack of an effective COVID treatment, 
healthcare professionals can take actions to manage these 
associated issues safely and effectively. Considerations, such 
as the management of patients who present with swallowing 
difficulties or those who are intubated, will present issues 
related to the administration of medication and will require 
a pharmacist’s input and advice, as well as assistance 
with the administration of drugs via enteral feeding 
tubes5. The role of pharmacists in antimicrobial stewardship 
will also be extremely important over the coming months, 
given that the use of antibiotics in treating pneumonia 
caused by COVID-19 will require diligent monitoring92. 

Investigational medicines are being used off-label or 
unlicensed as part of clinical trials in response to the 
pandemic; therefore, long-term data are required to evaluate 
their safety and efficacy. Doses used may also be higher than 
normal licensed doses, as with hydroxychloroquine. It is 
essential that pharmacists report any serious or unusual 
side effects observed by patients who are included in these 
trials and receiving any of these medicines. 

Following a basic literature search strategy, this review does 
not intend to be a comprehensive collation of all relevant 
literature, but rather an overview of several relevant 
publications in this area of practice. It should be noted that 
the accuracy and coverage of this review will be short-lived 
owing to the rapid advances being made in this area; 
however, this rapid review has focused on the medicines 
that UK pharmacists are most likely to encounter in practice. 
Other medicines are currently being investigated, but these 
are outside the scope of this review. 

Although clinical trials are ongoing, steps taken by the 
MHRA mean that remdesivir may be used on a wider basis in 
patients with COVID-1993. During the current pandemic, 
there is the possibility that therapies may be fast-tracked 
through clinical trials and approved for treatment to provide 
the best care for patients. 
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