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ABSTRACT

Despite the global effort to mitigate the spread, coronavirus disease 2019 (COVID-19) has
become a pandemic that took more than 2 million lives. There are numerous ongoing clinical
studies aiming to find treatment options and many are being published daily. Some effective
treatment options, albeit of variable efficacy, have been discovered. Therefore, it is necessary
to develop an evidence-based methodology, to continuously check for new evidence, and

to update recommendations accordingly. Here we provide guidelines on pharmaceutical
treatment for COVID-19 based on the latest evidence.

Keywords: COVID-19; Clinical practice guidelines; Korea

BACKGROUND

Despite the preventive efforts being made globally against coronavirus disease (COVID-19),
it is the most widespread infectious disease worldwide in 2020. No definitive cure has
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been developed, and vaccines are in the early stages of implementation. While Korea has
successfully protected its citizens from large-scale COVID-19 outbreaks, healthcare providers
on the frontline are in need of the continuously updated evidence-based clinical practice
guidelines for treating patients with COVID-19 who developed pneumonia and COVID-19-
related disease of other organs and body systems. Globally, many ongoing clinical studies
aim to develop vaccines and therapeutics, and several reports of such clinical studies are
being published daily. Therefore, it is necessary to develop an evidence-based methodology;
continuously check for new evidence; and update recommendations accordingly. Since no
standard antiviral treatment has been established, we aim to provide guidelines on antiviral
and other drug treatment for COVID-19 based on the latest evidence.

OBJECTIVES

This study aimed to review the latest evidence on treatment for COVID-19 and outline
evidence-based clinical practice guidelines for healthcare professionals. It also aimed to
devise a guideline development methodology that can be rapidly applied in different settings.

METHODS

Regarding the guideline development methodology, we used the adaptation method wherein
the latest guidelines from major countries and organizations are reviewed within a short
time. In addition, we applied the living guidelines development methodology in which
guidelines are continuously updated using the latest evidence. The guideline development
process is described in the following sections.

We selected the database, devised a search strategy, and developed the process of literature
search with the help of literature search specialists. We decided to include published practice
guidelines or regularly updated living guidelines between June 1 and December 9, 2020.

We searched international literature databases such as PubMed and EMBASE as well as major
practice guideline databases and websites. We also searched the official websites of major
government organizations, institutions, and academic societies because the data on these
resources are updated in real-time.

We searched PubMed and EMBASE databases using filters to search for literatures regarding
treatment and clinical guidelines. The search terms were combinations of index term and text

” «

words based on treatment terminologies from each clinical question: “coronavirus,” “novel
coronavirus,” “novel coronavirus 2019,” “2019 nCoV,” “COVID-19,” “Wuhan coronavirus,”
“Wuhan pneumonia,” “SARS-CoV-2,” “severe acute respiratory syndrome,

“therapy,” and “antiviral.”

” «

treatment,”

As studies released since June 2020 contain reliable information on the COVID-19 treatment,
we decided to select the latest practice guidelines with high methodological quality (higher
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than 70 score in 3 domains out of 6 domains). We included guidelines developed by major
countries and organizations that included recommendations for the selected clinical
questions and are frequently updated. We excluded guidelines which are developed before
June 2020, not including target treatments, review paper or consensus based guideline, not
written in English or Korean.

The quality of the practice guidelines was evaluated by three researchers using the AGREE
(The Appraisal of Guidelines for Research and Evaluation) 2 tool [1]. To reduce the variation
between the evaluators, the K-AGREE evaluation form developed by the Korean Medical
Association was used. During the AGREE evaluation, to ensure the reproducibility and clarity
of the result, the evaluators were asked to describe the reason for awarding a score in the
comment section, share evaluation results, and, if necessary, correct errors or mistakes via a
review. After quality evaluation of the practice guidelines, we decided to use the guidelines
that received more than 70 score in the three areas of AGREE.

The references selected from the evidence table of existing practice guidelines were reviewed
before being included. For additional literature search, we used three international databases
(PubMed, EMBASE, and the Cochrane Database of Systematic Reviews [CDSR]) and one
domestic database (KMBASE). Considering the rapid increase in the number of publications
on the treatment of COVID-19, we initially planned to include two preprint databases,
MedRxiv and bioRxiv. However, we decided to exclude them later because there was a
sufficient amount of literature from our primary search. Search terms were devised for each
clinical question based on the search strategy for practice guidelines.

For constantly updating evidence, a semi-automated software for systematic review,
Covidence (Covidence, Melbourne, Australia), was purchased and used in the process of
literature selection.

As with the guideline selection criteria, we decided to include human studies on COVID-19
treatment published from June 1 through December 9, 2020 and addressed the clinical
questions of our guidelines. We included randomized clinical trials and observational studies
with comparative designs after checking the amount of evidence for each clinical question.

The risk of bias of the references in the evidence table of existing practice guidelines was
reviewed to determine if they met the quality criteria. For the quality evaluation of the
additional publications, an appropriate tool was selected according to the research design.
Two researchers evaluated each paper independently. If they did not reach an agreement, an
additional researcher's consult was used to achieve consensus.

We set-up the policy of managing conflicts of interest (COI) and developed a template for
COlI disclosure, including financial, intellectual, and other types of potential conflicts. All
members of the guideline committee declared that they had no potential COI related to the
results of the interventions assessed during the guideline development period.
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RESULTS

Seven out of eleven practice guidelines found by a manual search were screened using the
AGREE evaluation. Four additional practice guidelines were identified from a systematic
search and were evaluated using the AGREE. Finally, we selected four practice guidelines
that are most up to date with a score of 70 or higher in three major areas of the AGREE
evaluation. A table of recommendations from all 11 evaluated practice guidelines was
prepared for comparison. The United States National Institutes of Health classification
of the severity of illness was adopted after a review of similar classifications from various
guidelines [2] (Table 1).

An evidence table of each clinical question with the selected literature was prepared
according to the selection and exclusion criteria for the practice guidelines. The results of
the quality evaluations of the existing guidelines were reviewed and reevaluated, if necessary.
The studies retrieved on November 9 and December 9, 2020 were reviewed and added to the
evidence tables.

The committee in charge of clinical questions reviewed the summary of evidence and
recommendations, prepared the first draft of recommendations, and decided on the final
recommendations, certainty of evidence (Table 2), and grade of recommendation (Table 3)
at a general meeting [3, 4]. Then, external reviews from advisory and review committees
were received in writing. The final draft of recommendations was completed after another
discussion (Table 4).

Table 1. Classification of severity of illness referred by National Institutes of Health

Severity of illness Definition

1. Asymptomatic Individuals who test positive for SARS-CoV-2 using a virologic test (i.e., a nucleic acid amplification test or an antigen test), but who have
no symptoms that are consistent with COVID-19.

2. Mild Individuals who have any of the various signs and symptoms of COVID-19 (e.g., fever, cough, sore throat, malaise, headache, muscle pain,
nausea, vomiting, diarrhea, loss of taste and smell) but who do not have shortness of breath, dyspnea, or abnormal chest imaging.

3. Moderate Individuals who show evidence of lower respiratory disease during clinical assessment or imaging and who have saturation of oxygen
(Sp0,) 294% on room air at sea level.

4. Severe Individuals who have SpO, <94% on room air at sea level, a ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (PaO,/
FiO,) <300 mmHg, respiratory frequency >30 breaths per minute, or lung infiltrates >50%.

5. Critical Individuals who have respiratory failure, septic shock, and/or multiple organ dysfunction.

Source: NIH. Clinical Spectrum of SARS-CoV-2 Infection. Available at: https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/ [2].
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, coronavirus disease 2019; Sp0O,, saturation of percutaneous oxygen; PaO, , partial
pressure of oxygen; FiO,, fraction of Inspired oxygen.

Table 2. Certainty of evidence

Grade Definition

High We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that
it is substantially different.

Low Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very Low We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.
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Table 3. Definition of recommendation grading

Grade of recommendations Explanation

A Strong recommendation  The intervention can be strongly recommended in most clinical practice, considering greater benefit than harm, evidence level,

B  Conditional
recommendation
C Not recommended

| Inconclusive

E  Expert consensus

value and preference and resources.

The intervention can be conditionally recommended in clinical practice considering balance of benefit and harm, evidence level,
value and preference and resources.

The harm of the intervention maybe greater than the benefit. Also considering evidence level, value and preference and
resources, the intervention should not be recommended.

Considering of very low or insufficient evidence level, uncertain or variable in balancing of benefit and harm, value and
preference, and resources, it is not possible to determine the strength and direction of recommendation It means that
intervention cannot be recommended or opposed and the decision depends on clinician's judgement.

There is not enough evidence to give an evidence-based recommendation but a consensus-based recommendation can be given
based on clinical experiences and expert consensus methods under considering given the benefit and harm, preference and
value, and resources.

A, strong recommendation; B, conditional recommendation ; C, not recommended; I, inconclusive, E, expert Consensus.

Table 4. Summary of recommendations

Clinical Questions Recommendation Certainty of Grade of
evidence  Recommendation
CQ1. Remdesivir 1-1. Remdesivir is recommended for patients with COVID who require supplementary oxygen Moderate B
therapy, but who do not require invasive ventilation or ECMO.
1-2. There is insufficient evidence to recommend either for or against the use of remdesivir for Moderate |
patients who do not meet the condition in the Recommendation 1-1.
CQ2. HCQ + azithromycin ~ HCQ monotherapy or HCQ + AZM combination therapy is not recommended for patients with COVID-19. High C
CQ3. LPV/r Lopinavir/ritonavir is not recommended for patients with COVID-19. High C
CQ4. Other antiviral drugs Administration of drugs known to have antiviral effects, such as favipiravir, ribavirin, umifenovir, Low ©
and baloxavir marboxil, is not recommended for patients with COVID-19 regardless of the severity.
CQ5. Steroids 5-1. Steroid administration is recommended for patients in severe and critical stages of COVID-19. Moderate A

CQ6. IL-6 inhibitors

CQ7. IL-1 inhibitors

CQ8. Interferon
CQ9. Convalescent plasma

CQ10. Conventional IVIG

Clinical consideration: The steroid dose is 6 mg of dexamethasone for 7 - 10 days; it can be
replaced with equivalent dose of other steroids (hydrocortisone, 150 - 200 mg; prednisone, 40
mg; methylprednisolone, 32 mg).

5-2. Steroid administration is not recommended for patients with non-severe COVID-19. Moderate

6-1. Interleukin-6 inhibitors can be administered, within the scope of clinical trials, to patients in Moderate B
severe or critical stages of COVID-19.

6-2. Administration of interleukin-6 inhibitors is not recommended for patients with mild COVID-19. Moderate ©

There is insufficient evidence supporting the administration of interleukin-1 (IL-1) inhibitors for Low |

treating COVID-19.

Interferon can be used within the scope of clinical trials in patients with COVID-19. Low B

There is insufficient evidence on the benefit of convalescent plasma therapy in patients with Low |

COVID-19 to make recommendations.

Administration of conventional IVIG is not recommended for patients with COVID-19. However, IVIg Low C

therapy should not be excluded when indicated for treatment of complications of COVID-19.

COVID-19, coronavirus disease; ECMO, extracorporeal membrane oxygenation; HCQ, hydroxychloroquine; AZM, azithromycin; LPV/r, lopinavir and ritonavir; IL,
interleukin; IVIG, intravenous immunoglobulin.

CQ1 Remdesivir
o Clinical question
1. Is the administration of remdesivir recommended in patients hospitalized with
COVID-19 regardless of clinical severity?
2. In patients hospitalized with COVID-19 who required oxygen therapy, is remdesivir
treatment more effective than standard treatment?

o PICO elements

P I © 0o Remark

Patients with Remdesivir Standard therapy - Time to clinical improvement Randomized clinical

COVID-19 or placebo group . Mortality trials, systematic reviews,
- Progression to a serious illness and network meta-

- Duration of hospitalization analyses

- Use of mechanical ventilation (MV)
- Duration of MV
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o Recommendations

1-1. Remdesivir is recommended for patients with COVID who require supplementary oxygen therapy, but who
do not require invasive ventilation or extracorporeal membrane oxygenation (ECMO) (certainty of evidence:
moderate, grade of recommendation: B).

1-2. There is insufficient evidence to recommend either for or against the use of remdesivir for patients
who do not meet the condition in the Recommendation 1-1 (certainty of evidence: moderate, grade of
recommendation: | [insufficient evidence]).

o Basic information about remdesivir

Remdesivir (GS-5734) is a wide-range antiviral nucleotide (adenosine) analog
monophosphoramidate pro-drug that acts as a ribonucleic acid (RNA)-dependent

RNA polymerase inhibitor for various RNA viruses [5]. In in vitro experiments, potent
antiviral effects of remdesivir have been observed against various RNA viruses (Ebola

virus, Marburg virus, Middle East respiratory syndrome (MERS)-CoV [6], SARS-CoV [6],
other coronaviruses, respiratory syncytial virus, Nipah virus, and Hendra virus). In in vivo
experiments using the Rhesus macaque model, administration of remdesivir as prophylactic
treatment 24 hours before MERS-CoV inoculation was found to prevent MERS-CoV infection,
and remdesivir treatment at 12 hours after virus inoculation led to clinical improvement,
inhibition of virus replication, and reduction of cell injury in the lungs [7]. Phase 1 safety
and pharmacokinetic data in humans have been recorded, and remdesivir has also been
administered to a 19-day-old newborn [8]. In a study involving patients infected with the
Ebola virus, remdesivir was administered to 175 patients [9].

Based on the reports on in-vitro antiviral experiments and safety data of remdesivir in
different clinical studies, remdesivir was administered to a patient with COVID-19 for
compassionate use on January 26, 2020, and remdesivir treatment was successfully
completed without adverse side effects [10].

The National Institute of Allergy and Infectious Diseases (NIAID) Adaptive COVID-19
Treatment Trial (ACTT-1) (NCT04280705) involving patients with mild/moderate and

severe COVID-19 was started on February 21 [10]. As an interim report showed that
remdesivir treatment reduced the clinical recovery time, on May 1, 2020, the Food and Drug
Administration (FDA) issued an emergency use authorization (EUA) allowing the use of
remdesivir (product name: Veklury®) for treating patients with COVID-19. On October 22,
2020, after the results of the ACTT-1 were reported, remdesivir was officially approved as the
first drug for treating patients with COVID-19. However, on November 2, 2020, the World
Health Organization (WHO) announced that remdesivir did not significantly reduce the
number of deaths due to COVID-19, as per the SOLIDARITY trial results [11], and revised
the guidelines to suggest against administering remdesivir in addition to standard care in
hospitalized patients with COVID-19 (recommendation against [weak])[12]. Thus, the effects
of remdesivir remain controversial.

o Evidence summary

A total of four guidelines that included recommendations for remdesivir were selected (WHO
living guideline, November 2, 2020; Australian Clinical Practice Guideline [ACPG], as of
December 3, 2020 v.30.0; National Institute of Health [NIH] as of December 3, 2020; and
Infectious Diseases Society of America [IDSA] updated November 11, 2020), based on the
results of four randomized controlled trials (RCTs).
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The guidelines were based on five studies: four RCTs, one systematic review, and a

network meta-analysis study of the four RCTs included in the final evidence table. Clinical
improvement was the primary endpoint in the three studies (Wang [13], Biegel [10], Spinner
[14], and in-hospital mortality was the primary endpoint in the SOLIDARITY trial [11].

In the ACTT- clinical trial [10], which first reported the effects of remdesivir, 1,062
patients were enrolled: 159 patients with mild/moderate COVID-19 and 903 (85.0%) with
severe, respectively. The primary endpoint, the time to recovery, was 10 median days in

the remdesivir group and 15 days in the placebo group (recovery rate ratio [RR], 1.49; 95%
confidence interval [CI], 1.12 —1.49; P <0.001), and for patients with severe COVID-19 (957
patients) at the time of enrollment, the meantime to recovery was 11 days in the remdesivir
group and 18 days in the placebo group (recovery RR, 1.31; 95% CI, 1.12 - 1.52; P <0.001).
However, there was no difference between the two groups for those patients who received
MV support or extracorporeal membrane oxygenation (ECMO) treatment at the time of
enrollment. The mortality rate by day 15 was 6.7% in the remdesivir group and 11.9% in the
placebo group (hazard ratio [HR], 0.55; 95% CI, 0.36 — 0.83), and by day 29, mortality rate
was 11.4% vs. 15.2% (HR, 0.73; 95% CI, 0.52 —1.03), respectively. The mortality rate varied
depending on the severity of COVID-19 at the time of enrollment, and the administration of
remdesivir decreased the mortality rate in those patients who required oxygen therapy.

In a clinical trial conducted in China [13], 237 patients with severe COVID-19 were enrolled:
158 and 79 patients received remdesivir and placebo, respectively. The primary endpoint
was time to clinical recovery within 28 days, and clinical improvement was defined as a
decrease of 2 points on a 6-point scale or discharge from the hospital. Intention-to-treat
analysis showed that the time to clinical recovery was 21 days (median; interquartile range
[IQR], 13.0 - 28.0) and 23 days (IQR, 15.0 —28.0) in the remdesivir and placebo groups,
respectively, indicating no difference between the two groups (HR, 1.23; 95% CI, 0.87 —
1.75). Although there was no statistical difference, the time to recovery was 18 days (median;
IQR, 12.0 —28.0) when remdesivir was administered within 10 days of symptom onset,
which was slightly shorter than the 23 days (IQR, 15.0 — 28.0) in the placebo group (HR,
1.52; 95% CI, 0.95 — 2.43).

In a clinical trial involving patients with moderate pneumonia [14], 596 patients were
enrolled, and 197, 199, and 200 patients were administered remdesivir for 10 days and 5 days
and placebo, respectively. The primary endpoint was clinical status evaluated on a 7-point
ordinal scale on the 11th day after enrollment; the clinical status of the group treated with
remdesivir for 5 days had significantly improved compared to that of the placebo group (OR,
1.65; 95% CI, 1.09 — 2.48; P=0.02). The 28-day mortality rate of the patients was 1% (95%
CI, 0.0 — 2.0) in the 5-day treatment group, 2% in the 10-day treatment group (95% CI, 0.0
—3.6%), and 2% in the placebo group (95% CI, 0.1 — 4.1%), and there was no statistically
significant difference between the groups.

The interim report of the WHO SOLIDARITY trial consortium, which was conducted to
evaluate repurposed antiviral drugs, was published as a MedRxiv version on October 5,

2020, and the interim findings were officially announced on December 2 [11]. A total of

405 hospitals from 30 countries participated in the study, and 11,266 adults were randomly
assigned to the remdesivir group (n = 2,743) and standard treatment group (n = 2,708) and
the results were compared. The 28-day mortality risk of the remdesivir group was 0.95 (0.81 —
1.11; P=0.50; 301/2,743 vs. 303/2,708), similar to that of the standard treatment group.
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Based on the data from the aforementioned four RCTs, systematic review, and meta-analysis
[12], on November 2, 2020, the WHO made the following announcements: remdesivir did
not have a significant effect on the mortality rate, use of MV, severe adverse reactions leading
to discontinuation of drug administration, virus clearance rate at day 7, acute kidney injury,
time to clinical improvement, duration of hospitalization, and duration of MV. Therefore,
regardless of the severity of COVID-19 infection, the WHO suggested the conditional
recommendation against administering remdesivir in addition to standard care. However, the
certainty of the evidence was low to very low.

Revised KSID/NECA treatment guideline for COVID-19

o Considerations for recommendation

1. Certainty of evidence

The differences in the baseline conditions of the patients and characteristics of the control
group were clearly described in the four RCTs, and the level of evidence was high. However,
three RCTs evaluated the time to clinical recovery as the primary endpoint, while mortality
rate was the endpoint in the other RCT and systematic analysis study. Thus, there were
differences in the endpoints of the studies. Moreover, patients with varying disease severity
were enrolled, and according to the evaluation index and disease severity, the therapeutic
effects of remdesivir differed between studies. On evaluating the risk of bias in the main
RCTs, there were concerns about certain aspects such as missing data; therefore, the level of
evidence was moderate.

2. Benefit and harm

The RCTs reported that remdesivir shortened the time to recovery while other studies
showed no effect on the recovery time or mortality rate; hence, the results were inconsistent.
Based on the evidence so far, it is unlikely that remdesivir will reduce mortality in patients
with severe COVID-19. However, remdesivir may shorten the clinical recovery time in some
patients with severe COVID-19. In all the studies, there was no significant difference in

the frequency of severe adverse reactions caused by antiviral drugs and the frequency of
discontinuation of drugs between the remdesivir treatment and control groups.

3. Patient values and preferences

There is no study assessing the values and preferences for remdesivir among patients with
COVIDA19 in Korea. However, the Korean Ministry of Food and Drug Safety has approved
remdesivir, and it is provided free of charge to patients with severe COVID-19. There is no
other antiviral drug that can replace remdesivir. Therefore, the preference for remdesivir is
expected to be high.

4. Resources (including cost)
Remdesivir is offered free of charge to patients with severe COVID-19 by the Korean government.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines

The WHO issued conditional recommendation guidelines against use of remdesivir in
hospitalized patients with COVID-19; however, the level and grade of recommendation were not
specified. In the Australian guidelines, conditional recommendations were made for inpatients
who require oxygen therapy but not MV support, and a recommendation grade of 2 was assigned.

The US NIH does not recommend the use of remdesivir for patients with mild/moderate
COVID-19 (AI). Administration of remdesivir is recommended for 5 days in those patients
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who require oxygen therapy but not high-flow oxygen, non-invasive/invasive MV support,
or ECMO. No specific guidelines are provided for these patients, as there is no clinical

Revised KSID/NECA treatment guideline for COVID-19

evidence on the effectiveness of remdesivir for this population. The IDSA guidelines
recommended the use of remdesivir rather than other antiviral drugs in hospitalized patients
with severe COVID-19 (conditional recommendation, moderate certainty of evidence), and
5-day administration of remdesivir rather than 10-day administration was recommended

for patients who require oxygen therapy but not MV support or ECMO (conditional
recommendation, low certainty of evidence).

2) Evaluation of acceptance and applicability in Korea

The Korean evaluation tool in the National Evidence-based Healthcare Collaborating Agency
(NECA) Clinical Practice Guidelines Handbook (2015) was used to evaluate the acceptance
and applicability of the treatment guidelines.

6. Other considerations

The Korean Ministry of Food and Drug Safety decided to import remdesivir on June 3, 2020,
and it was administered to patients with severe COVID-19 from July 1, 2020. On July 24, 2020,
the Ministry approved Veklury®. However, this is only a measure taken to ensure a stable
domestic supply of remdesivir considering the urgent COVID-19 situation. In a nationwide
multicenter retrospective study, remdesivir group showed clinical and virologic benefit in
terms of MV requirement and viral load reduction, supporting remdesivir treatment for
severe COVID-19 [15].

CQ2 Hydroxychloroquine + Azithromycin

o Clinical question

Is the administration of hydroxychloroquine (HCQ) or co-administration of HCQ and
azithromycin (AZM) effective and safe for patients with COVID-19 compared to standard
treatment or no treatment?

0 PICO elements

P | © 0 Remark
Patients with HCQ Standard therapy or - Mortality RCTs, observational
COVID-19 HCQ+AzZM placebo group - Use of MV/ECMO studies with a comparison
- Duration of MV/ECMO group
- ICU care

- Duration of ICU care

- Progression to a serious illness
(oxygen therapy, high-flow nasal
cannula [HFNC], MV, ECMO)

- Duration of hospitalization

- Time to clinical recovery

- Viral RNA negativity

- Adverse reactions to drugs

o Recommendations

HCQ monotherapy or HCQ + AZM combination therapy is not recommended for patients with COVID-19
(certainty of evidence: high).

o Basic information on antiviral agents
Chloroquine (CQ) has been used for a long time to treat malaria and intracellular bacterial
infections caused by Coxiella burnetii and Tropheryma whipplei. As a heme polymerase inhibitor,
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CQ interferes with in vitro binding between the cell and virus by increasing the pH of the
polyphagosomes and inhibiting glycosylation of the cellular receptors of SARS-CoV [16-18].
However, the demand for CQ in the clinics has decreased over the past years, leading to a
decrease in its production and supply. Instead, HCQ, an analog formulation of CQ developed
in 1946, has replaced CQ. HCQ has shown anti-SARS-CoV activity in in vitro experiments
[19] and can be administered for a longer period and at higher doses than CQ; it has few
drug interactions and can achieve higher concentration in tissues such as the lungs, liver,
kidneys, and spleen than in the plasma. Thus, it is thought to be relatively safe compared to
CQ [20, 21]. Moreover, HCQ has significantly higher antiviral effects against SARS-CoV-2
than CQ [22]. In patients with severe COVID-19, cytokine storms, featuring high circulating
cytokine levels, are observed in the plasma and are associated with disease severity [23].
Unlike other antiviral drugs, HCQ is a safe anti-inflammatory drug used for treating various
autoimmune diseases. It can significantly reduce the production of various cytokines,
especially pro-inflammatory cytokines, resulting in positive effects against COVID-19 [21].
However, HCQ can cause cardiotoxicity, including QT prolongation, renal dysfunction, and
hepatic dysfunction. Thus, any underlying diseases related to these dysfunctions need to be
identified before administration, and HCQ must be administered with care after assessing
the interactions with other prescribed or previously administered medications [24]. AZM,

a macrolide antibiotic, is an antibiotic drug against various bacterial diseases, and it has
antiviral [25-29] and immune-modulatory [10, 30, 31] effects against some viruses (Zika,
Ebola, Rhinovirus, Enterovirus, and Influenza), including SARS-CoV-2. Thus, HCQ and AZM
combination therapy has been used for treating patients with COVID-19 [32-44].

o Evidence summary

A total of four guidelines that included recommendations for HCQ monotherapy and HCQ
+ AZM combination therapy were selected; 47 studies, i.e., 13 RCTs and 34 observational
studies, related to those guidelines were included in the final evidence table. The results are
summarized below:

In nine out of the 13 RCTs on HCQ, improvement of clinical course or progression to

severe period (oxygen administration, mechanical ventilation, ECMO, etc.) and time to
improvement/deterioration were evaluated as additional endpoints. Among these studies, six
studies assessed mortality rate as the primary endpoint. Negative conversion of the virus was
evaluated as the primary endpoint in six RCTs, and adverse drug effect was measured as an
additional endpoint in five out of the 13 RCTs.

The RECOVERY trial is an important study among those that assessed mortality and
improvement in clinical course or progression to severe disease [29]. It is a randomized, open,
clinical trial that evaluated the effects of HCQ in patients admitted to 176 hospitals in the UK;
1,561 and 3,155 were assigned to the HCQ and standard treatment groups, respectively. In

the HCQ group, 412 patients (27%) died within 28 days while 790 patients (25%) died in the
standard treatment group, suggesting no significant difference in the 28-day mortality rate
between the two groups (RR, 1.09; 95% CI, 0.97 —1.23; P=0.15). The patients in the HCQ
group had a longer duration of hospitalization (16 days vs. 13 days) and were less likely to survive
for 28 days and be discharged (59.6% vs. 62.9%; RR, 0.90; 95% CI, 0.83 —0.98) than those

in the standard treatment group. In addition, among those patients who did not require MV
support at the time of hospitalization, those who received HCQ showed a higher incidence of
invasive MV support or death than those who received standard treatment (30.7% uvs. 26.9%;
RR, 1.14; 95% CI, 1.03 - 1.27) [29]. In a randomized, double-blinded clinical trial (242 and 237
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patients in the HCQ group and untreated control group, respectively) involving 34 hospitals

in the US, there was no significant difference between the groups on using the 7-point clinical
ordinal scale on the 14th day (HCQ, 6 [4 — 7] vs. untreated control group, 6 [4 —7]; aOR,

1.02 [95% CI, 0.73 —1.42]), and there was no significant difference in the 28-day mortality

rate between the two groups (HCQ, 10.4% (25/241) vs. 10.6% (25/236), (absolute difference,
=0.2% [95% CI, =5.7% to 5.3%]; aOR, 1.07 [95% CI, 0.54 — 2.09]) [45]. In a randomized
double-blinded clinical trial involving three hospitals in New York, 67 and 61 patients were
assigned to the HCQ group and untreated control group (calcium citrate), respectively. There
was no significant difference in the 30-day mortality rate between the two groups (HCQ: n =
7,10.4% vs. control: n =6, 9.8%, P=1.0), and the mean duration of hospitalization was not
significantly different between the two groups as well (HCQ, 9.75 [+ 10.3] days vs. control,

6.80 [+5.92], P=0.053). The durations of antipyretic treatment and oxygen-free days were not
significantly different between the two groups, and there was also no significant difference in
the clinical severity score on day 14 between the two groups (P = 0.354) [46]. In a multi-center,
randomized, open, clinical trial conducted in Brazil, the patients were assigned to standard
treatment group (173 patients), standard treatment with HCQ group (159 patients), and
standard treatment with HCQ + AZM group (172 patients);there was no significant difference
in the results between the groups using a 7-point clinical ordinal scale on day 15 (HCQ + AZM
vs. standard treatment: odds ratio [OR], 0.99; 95% CI, 0.57 —1.73; P=1.00; HCQ vs. standard
treatment: OR, 1.21; 95% CI, 0.69 — 2.11; P=1.00; HCQ + AZM vs. HCQ: OR, 0.82; 95% CI, 0.47
—1.43; P=1.00) [44]. In a multi-center randomized clinical trial conducted in Egypt, 97 patients
were assigned to the HCQ group and standard treatment group, and the frequency of MV
support was not significantly different between the two groups (HCQ: n = 4, 4.1% vs. standard
treatment: n =5, 5.2%; P=0.75), and there was no significant difference in overall mortality
between the two groups (HCQ: n =6, 6.2% vs. standard treatment: n =5, 5.2%; P=0.77) [47].
In a randomized clinical trial conducted in a hospital in Shanghai, China, with 30 patients with
moderate COVID-19 (15 patients in each of the HCQ group and standard treatment group),

the time from hospitalization to the onset of fever was 1 day (O — 2) in both groups, with no
significant difference between the two groups. Chest computed tomography (CT) in 5 (33.3%)
and 7 (46.7%) patients in the HCQ and standard treatment groups, respectively, showed
worsening of pneumonia; however, follow-up CT showed recovery in all patients. Furthermore,
the period from hospitalization to viral negativity was 4 days (1—9) and 2 days (1—-4) in the
HCQ and standard treatment groups, respectively, with no statistically significant difference (P
> 0.05). However, only a small number of patients was enrolled in the study; thus, the findings
need to be confirmed in further studies with a large number of patients [48]. In the randomized
SOLIDARITY trial conducted by the WHO, 954 and 906 hospitalized patients with COVID-19
were assigned to the HCQ group and standard treatment group, respectively. The overall
mortality rate was not significantly different between the two groups (HCQ: 11% [104/947] vs.
standard treatment: 9.3% [84/906]; risk ratio, 1.19; 95% CI, 0.89 —1.59; P=0.23), and there
was no significant difference in the use of MV at trial entry (HCQ: 8.8% [75/862] vs. standard
treatment: 8% [66/824]) and duration of hospitalization [11].

In a randomized, open, clinical trial involving moderate/severe COVID-19 patients
hospitalized in Norway, viral negativity 5 days after the first onset of clinical symptoms,
which started after a mean of 8 days after infection, in the HCQ group (27 patients) was not
significantly different from that in the standard treatment group (26 patients) (HCQ group:
0.24 [95% CI, 0.03 — 0.46] log;, RNA copies/mL/24 h vs. standard treatment group: 0.14 [95%
CI-0.10 to 0.37] log;o RNA copies/mL/24 h; reduction rate difference between the groups:
0.11 [95% CI -0.21 to 0.43] log,, RNA copies/mL/24 h) [49].
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In a multi-center, randomized, open clinical trial (75 patients in each of the HCQ group

and standard treatment group) conducted in China involving 150 hospitalized patients

with COVID-19 (148 patients with mild/moderate disease; two with severe disease), the rate
of negative conversion of the virus was not significantly different between the two groups
until day 28 (HCQ: 85.4% [95% CI, 73.8 — 93.8%] vs. standard treatment: 81.3% [95% ClI,
71.2 - 89.6%]) [50]. In a randomized, open, clinical trial of 48 patients hospitalized with
moderate COVID-19 in Wuhan, China, 18, 18, and 12 patients were assigned to the CQ, HCQ,
and standard treatment groups, respectively. The time from trial entering to clinical recovery
was 5.5 (3.25 - 7.5) days in the CQ group, 6 (3 —8) days in the HCQ group, and 7.5 (5 —16.25)
days in the standard treatment group, and the results were significant in both CQ (P=0.019)
and HCQ groups (P = 0.049) when compared to the standard treatment group. The time to
viral negativity was 2.5 (2.0 — 3.8) days, 2 (2 —3.5) days, and 7 (3 — 10) days in the CQ, HCQ,
and standard treatment groups, respectively (P=0.006). Both CQ and HCQ groups showed
a reduction in the hospitalization period and increased clinical improvement on chest CT
compared to the standard treatment group. In this study, CQ or HCQ was effective in treating
patients with moderate COVID-19. However, the number of enrolled patients was small; thus,
the findings need to be confirmed in further studies with an increased number of patients
[51]. In a randomized, open clinical trial of 293 patients with mild COVID-19 within 5 days

of symptom onset (136 and 157 in the HCQ and standard treatment groups, respectively),
there were no significant differences in virus concentration at days 3 and 7 between the two
groups (day 3, HCQ: -1.41 vs. standard treatment group, -1.41 log, copies/mL; day 7, HCQ:
-3.44 vs. standard treatment: -3.37 logy, copies/mL), and HCQ treatment did not reduce the
risk of hospitalization (HCQ: 5.9% vs. standard treatment: 7.1%) and recovery period of
clinical symptoms (HCQ: 10 days vs. standard treatment: 12 days). Therefore, HCQ treatment
did not show meaningful results compared to standard treatment in patients with mild
COVID-19 [52]. In a multi-center, randomized, double-blinded clinical trial of patients with
mild COVID-19 who were not hospitalized within 4 days of symptom onset conducted in

the US and Canada, 212 and 211 patients were included in the HCQ and untreated control
groups, respectively (US: folic acid, Canada: lactose treatment). There was no significant
difference in the severity of symptoms for 14 days between the two groups (difference in the
severity of symptom: relative value, 12%; absolute value, -0.27 point [95% CI, -0.6 — 10.07
point]; P=0.117), and on day 14, the symptoms were less persistent in the HCQ group (24%,
49/201) than in the untreated control group (30%, 59/194); however, there was no significant
difference between the two groups (P =0.21) [53]. In Taiwan, multi-center, randomized,
controlled, open, and retrospective studies involving patients with mild/moderate COVID-19,
admitted after 4 days of symptom onset, were conducted simultaneously. In a multi-center,
open-label, RCT, 33 patients were enrolled: 21 and 12 patients in the HCQ and standard
treatment groups, respectively. Among them, 1 (4.8%) patient in the HCQ group and 2
(16.7%) in the standard treatment group were simultaneously treated with AZM. From

the start of the trial to 14 days in the hospital, the time to viral negativity was 5 (1 —9) days
and 10 (2 —12) days in the HCQ and standard groups, respectively, with no significant
difference (P=0.4). On day 14, 81% (17/21) of the HCQ group and 75% (9/12) of the standard
treatment group showed findings of viral negativity (P = 0.36). On day 14, clinical recovery
was observed in 28.6% and 41.7% of the HCQ and standard treatment groups, respectively,
with no significant difference between the two groups (P = 0.51). In the retrospective study,
37 patients were enrolled: 28 and nine patients in the HCQ and standard treatment groups,
respectively. On day 14 of hospitalization, viral negativity was observed in 42.9% (12/28) and
55.6% (5/9) of the HCQ and standard treatment groups, respectively (P =0.70) [54].
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Observational studies have shown that HCQ monotherapy or HCQ + AZM combination
therapy might reduce mortality due to COVID-19 or promote clinical improvement [43, 55-58]
and that co-administration of HCQ and steroids could reduce the risk of hospitalization by

50 — 60% among those who were in the early stages of COVID-19 and not yet been hospitalized
[59]. However, other studies have shown that these treatments did not reduce the mortality
rate and worsened arrhythmia [32, 40-42, 60-65]. Some studies have shown that HCQ [34] and
combination therapy with HCQ + AZM could help reduce the time to viral negativity [36, 38].
Other studies showed that lopinavir/ritonavir was more effective than HCQ in cases of negative
viral conversion [66-69]; yet other studies reported that neither drug was effective [70].

o Considerations for recommendation

1. Certainty of evidence

Based on published RCTs, observational studies, and literature reviews on HCQ monotherapy
and HCA + AZM combination therapy, the certainty of evidence was high for the 28-day
clinical recovery in those who required MV support. Since the number of patients was
insufficient to fully address adverse reactions, and many studies were not double-blinded, the
certainty of evidence for adverse reactions was moderate. Since the time to viral negativity
and improvement in clinical symptoms were not assessed in large-scale studies and the
results were inconsistent, the certainty of evidence for time to viral negativity was low. The
overall certainty of evidence was high according to the core outcome indicators.

2. Benefit and harm

To date, no study has shown improved mortality, lack of progression to severe conditions,
and reduced duration of hospitalization and of negative viral conversion with the use of HCQ
monotherapy or combination therapy with AZM for treating COVID-19. However, the drug
causes various side effects such as arrhythmia due to increased QT interval, so the harm is
greater than the potential benefit.

3. Patient values and preferences

Currently, the choice of treatment for patients with COVID-19 is minimal, and there are
hardly any drugs available with proven therapeutic effects. However, the preference is
expected to be low, considering the side effects and lack of clinical effects.

4. Resources (including cost)

In Korea, HCQ is a commercially available drug used for treating malaria, rheumatoid
arthritis, lupus, and delayed skin porphyria, and it is easily accessible. The price with
insurance and general price are 130 and 570 won, respectively, for 100 mg of oral Oxiklorin®
in Korea. AZM is also an antibiotic used to treat various bacterial diseases in Korea, and it can
be easily supplied. The price with insurance and general price are 920 won and 2020 won for
250 mg of oral Zithromax®.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines

The Australian guidelines do not recommend using HCQ for treating COVID-19, and the NIH
guidelines recommend that inpatients do not undergo HCQ monotherapy or combination
therapy with AZM. For non-hospitalized patients, HCQ monotherapy or combination
therapy with AZM is not recommended other than in clinical trials. The IDSA guidelines also
recommend that inpatients do not receive HCQ monotherapy or in combination with AZM.
In the Chinese guidelines, there are no recommendations because of the lack of consistent
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data on the effects of CQ or HCQ, but combination therapy with HCQ and AZM is not
recommended.

2) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.

6. Other considerations

On April 27, 2020, the US FDA issued an EUA allowing the use of HCQ to treat patients
with COVID-19. However, on June 17, 2020, the WHO announced the interim results of the
SOLIDARITY trial and RECOVERY trial, which showed that the mortality rate of inpatients
did not improve and discontinued the SOLIDARITY trial. Additionally, the US FDA also
repealed the EUA, as serious side effects such as arrhythmia and insufficient therapeutic
effects were reported among patients with COVID-19.

CQ3 Lopinavir/ritonavir
o Clinical question

Is lopinavir/ritonavir effective for patients with COVID-19?

O PICO elements

P | C (] Remark
Patients with Lopinavir/ Standard therapy - Mortality RCTs
COVID-19 ritonavir or placebo group . Oxygen therapy

- Use of MV

- Ordinal scale to determine the possibility of daily
activities, hospitalization, and oxygen therapy

- Duration of hospitalization
- Duration of viral RNA negativity

o Recommendations

Lopinavir/ritonavir is not recommended for patients with COVID-19 (certainty of evidence: high, grade of
recommendation: C).

o Basic information about lopinavir/ritonavir

Lopinavir/ritonavir is a protease inhibitor that inhibits HIV replication and is composed of two
antiviral components. After being approved for commercial purposes in 2000 in the US, it is
currently distributed and used worldwide to treat HIV. Because it causes digestive discomfort
such as diarrhea and vomiting, it is not more convenient to use than other HIV drugs.

Thus, it is not currently recommended as the primary treatment option. In 2002, studies on
severe acute respiratory syndrome (SARS) showed the clinical effects of lopinavir/ritonavir
on coronavirus [71], and in 2020, during the early days of the COVID-19 pandemic, it was
reported that lopinavir/ritonavir could inhibit the action of SARS-CoV-2 [72].

o Evidence summary

A total of six guidelines on recommendations for lopinavir/ritonavir in COVID-19 patients
were selected. The guidelines were based on 17 studies. Among them, in one RCT, lopinavir/
ritonavir was co-administered with other antiviral agents, and two RCTs consisted of only
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one control group that was administered other antiviral drugs; these RCTs were excluded
along with 10 observational studies. Therefore, a total of four RCTs that involved a lopinavir/
ritonavir treatment group and a control group that did not receive any other antiviral drugs
were included in the final evidence table.

Among the selected clinical studies, the one with the highest number of subjects and

the highest quality was the RECOVERY (randomized evaluation of COVID-19 therapy)

study, conducted by the RECOVERY Collaborative Group [73]. In this open, non-blinded,
researcher-led study involving 176 medical institutions in the UK, patients over the age of 18
who were hospitalized for COVID-19 infection were included; 1,616 and 3,424 patients in the
lopinavir/ritonavir and non-antiviral control groups, respectively, were included in the final
analysis. There were no differences in basic characteristics such as age, sex, race, underlying
disease, duration of symptoms, and oxygen demand at hospitalization between the two
groups. The 28-day mortality rate was not significantly different between the two groups at
23% and 22% (RR, 1.03; 95% CI, 0.91 —1.17; P=0.60), and the MV rates were 10% and 9% in
the lopinavir/ritonavir and non-antiviral control groups, respectively, showing no significant
difference [73].

A large-scale, open RCT on remdesivir, hydroxychloroquine, lopinavir/ritonavir, and
interferon beta-la was conducted by the WHO involving 405 hospitals in 30 countries around
the world [11]. This study enrolled patients with moderate COVID-19 over 19 years who were
hospitalized and required oxygen therapy. In the lopinavir/ritonavir study, a total of 2,791
patients were recruited: 1,399 and 1,372 patients in lopinavir/ritonavir and non-drug control
groups, respectively; there was no difference in in-hospital mortality at 9.7% and 10.3%
between the groups (RR, 1.00; 95% CI, 0.79 —1.25; P=0.97), and 9.8% and 9.6% of the
patients required MV during treatment, respectively, with no difference between the two
groups (RR, 0.97; 95% CI, 0.79 —1.25; P=0.97).

Another RCT assessed the effects of lopinavir/ritonavir in the early stages of the COVID-19
pandemic [74]. This study was conducted in a hospital in Wuhan, China, and enrolled
patients with moderate COVID-19, aged over 18 years, who required oxygen therapy; 99

out 0f 199 patients received lopinavir/ritonavir while the remaining 100 patients received
non-pharmaceutical treatment. Ordinal scales used to determine clinical improvement in
previous studies of hospitalized patients with severe influenza (probability of daily activities,
hospitalization, and need for oxygen supply) was used for this study. The risk ratio was 1.31
(95% CI, 0.95 —1.80), which showed no improvement, and mortality rate at day 28 was 19.2%
us. 25.0% (95% CI, -17.3 — 5.7), which was not significantly different between the two groups.
Additionally, virus excretion and duration of hospitalization were not significantly different
between the two groups. However, in the lopinavir/ritonavir group, 13 patients (13.8%)
discontinued treatment due to discomfort of the digestive system.

Another study was conducted with 86 patients, including 34 patients in the lopinavir/ritonavir
group. As the sample size was small, the reliability of the results may be low. However,

there were no differences in the virus excretion period and clinical symptom improvement
indicators between the groups of patients with mild or moderate disease[75].

The results of the RCTs suggest that lopinavir/ritonavir treatment is ineffective in improving

clinical symptoms, period of virus excretion, and mortality rate. The appropriate dose of
lopinavir/ritonavir for patients with COVID-19 is still debated. However, a concentration
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of CE90 or higher is maintained in the lungs with the dose used for HIV patients; thus, it
is thought that changing the dose will not yield any further clinical improvements [76].
Moreover, there may be pharmacokinetics changes in patients under MV support as the
drug must be administered through the nasogastric tube. However, the RCTs reported
that lopinavir/ritonavir was not effective in those who were not under MV support, and
the drug had to be discontinued due to adverse reactions. Hence, lopinavir/ritonavir is not
recommended for patients with COVID-19.

© Considerations for recommendation

1. Certainty of evidence

All of the supporting studies were non-blinded studies. However, the number of patients
was high, and the research methods were appropriate. The result indexes were clear, and
consistent results were observed. Therefore, the certainty of evidence is high.

2. Benefit and harm

In a study on the safety of lopinavir/ritonavir, the rates of adverse reactions were 48.4% and 49.5% in
the intervention and non-intervention groups, respectively, which were not significantly different.
This finding is limited as it may have been confounded by new symptoms, changes in blood

test results, and adverse reactions caused by co-administered drugs. However, it is worth noting
that 13.8% of the patients in the lopinavir/ritonavir group discontinued the drug due to digestive
discomfort, and there were no therapeutic benefits; therefore, the risk may outweigh the benefit.

3. Patient values and preferences
If lopinavir/ritonavir does not lead to clinical improvement, it will not be a preferred drug.

4. Resources (including cost)
Lopinavir/ritonavir is distributed for patients infected with HIV, so it is highly accessible.
However, it is not cost-effective.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines

The WHO guideline, Centers for Disease Control and Prevention guideline, IDSA guideline, BC
Centre for Disease Control: Treatments guideline, Australian clinical practice guideline, and NSW
Health interim guidance on the use of antiviral and immunomodulation therapy in COVID-19 do
not recommend the use of lopinavir/ritonavir for treatment and prevention purposes.

92) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.

6. Other considerations
None.

CQ4 Favipiravir, ribavirin, umifenovir, and baloxavir marboxil

o Clinical question

Are drugs that are known to have antiviral effects, such as favipiravir, ribavirin, umifenovir,
and baloxavir marboxil, more effective and safe for patients with COVID-19 compared to
standard treatment or no treatment?
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O PICO elements

P | C 0o Remark
Patients with Favipiravir Standard therapy - Mortality RCTs, observational
COVID-19 Ribavirin or placebo group . progression to a serious illness studies with a
(oxygen therapy, HFNC, MV, ECMO) control group
Umifenovir - ICU care
Baloxavir marboxil - Length of ICU stay

- Length of hospitalization

o Recommendations

Administration of drugs known to have antiviral effects, such as favipiravir, ribavirin, umifenovir, and baloxavir
marboxil, is not recommended for patients with COVID-19 regardless of the severity.

(Certainty of evidence: low, grade of recommendation: C)

o Basic information about antiviral agents

Favipiravir (Avigan®, T-705) is effective against various RNA viruses. The mechanism of

its action is not clearly established; however, it is thought to inhibit the action of the viral
RNA-dependent RNA polymerases by acting as a purine analog [77, 78]. In one study, it was
reported to inhibit SARS-CoV-2 at a relatively high concentration (half-maximal effective
concentration, ECs, = 61.88 pM, selectivity index >6.46) [79].

Ribavirin inhibited SARS-CoV and MERS-CoV at high concentrations in several in vitro
studies [80-83]. However, it does not inhibit SARS-CoV or MERS-CoV at the general
concentrations achieved in clinical practice; its inhibitory effects were only observed at toxic
concentrations. In in vitro studies on SARS-CoV, combination therapy with ribavirin and
interferon showed synergistic effects that allowed a lower concentration of ribavirin [84-86].

Umifenovir (Arbidol®) is an antiviral drug developed in Russia that is approved for the
prevention and treatment of influenza in Russia and China. As an indole derivative, it is
known to have a wide range of antiviral effects through various mechanisms, including the
inhibition of membrane fusion between virus and host cells [87]. In experiments using Vero
EG cells, umifenovir inhibited SARS-CoV-2 infection by interfering with viral adhesion and
release from the endolysosome [88].

Baloxavir, a metabolite of Baloxavir marboxil (Xofluza®), is an inhibitor of the polymerase
acidic (PA) protein subunit in the polymerase complex of the influenza virus. It inhibits
cap-dependent endonuclease activity and prevents replication of the influenza virus [89]. In
experiments using Vero EG cell line, baloxavir exhibited antiviral effects against SARS-CoV-2
[90], but another study reported contrasting results [88].

o Evidence summary

A total of six guidelines on recommendations for favipiravir, ribavirin, umifenovir, and
baloxavir marboxil were selected. Fifteen studies were identified from those guidelines, and
5 more studies from the literature search. Finally, 20 studies (nine RCTs and 11 observational
studies) were included in the final evidence table.

Six RCTs examined favipiravir and umifenovir. Only one RCT used clinical improvement

as the primary endpoint. In this study, 240 patients were randomly assigned to receive
favipiravir or umifenovir, and clinical improvement was compared on day 7. In all, 61.2%
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and 51.7% of the patients in the favipiravir and umifenovir groups, respectively, showed
clinical improvement, defined as the absence of fever, tachypnea, and hypoxia for more
than 72 hours; no significant difference was observed between the two groups (P = 0.140).
Additionally, there was no significant difference in the rate of progression to severe disease
requiring respiratory support beyond supplementary oxygen [91]. In the other three RCTs
on favipiravir that selected negative conversion of polymerase chain reaction (PCR) as the
primary endpoint, there was no difference in the time to negative conversion between

the group who received favipiravir and groups who received other or no antiviral drugs or
favipiravir later in the course [90, 92, 93]. In some studies, time to resolution of fever was
the clinical endpoint; however, important clinical endpoints such as death and progression
to severe disease were not assessed as the primary endpoint, and there was no difference
between the two groups in death and progression to severe disease assessed as secondary
endpoints. Two observational studies compared favipiravir and lopinavir/ritonavir (both
drugs were combined with inhaled interferon-o) and reported the superior effect of
favipiravir in terms of time to negative conversion of PCR and improvement of chest CT.
However, no clinical endpoints were evaluated [94]. In a study that combined favipiravir and
HCQ, there was no difference in mortality between the two treatment groups. The length of
ICU stay was shorter in the favipiravir combination group; however, the two groups were not
contemporaneous, and the primary drug was changed to favipiravir in the later stages of the
COVID-19 pandemic [95].

Two RCTs on umifenovir were exploratory trials, and there were no significant differences
in the negative conversion of PCR, resolution of fever, improvement of respiratory
symptoms, and progression to severe disease [75, 96]. There were six observational studies
on umifenovir, among which PCR negative conversion was the primary endpoint in four. In
studies that used lopinavir/ritonavir- or Chinese medicine-treated control group, the time
to negative conversion was earlier in the favipiravir group; however, there was no significant
difference between the groups in studies that did not treat the control group with antiviral
drugs [97-100]. Clearance of fever and cough were assessed even when clinical endpoints
were selected; more meaningful outcome of mortality, progression to severe disease, or
hospital discharge was not reported [101, 102].

There were three RCTs on ribavirin. In a study that compared combination treatment with
ribavirin, interferon-B1b, and lopinavir/ritonavir against lopinavir/ritonavir alone, significant
improvements were observed in time to PCR negative conversion, clinical improvement
(symptoms, National Early Warning Score 2, or sequential organ failure assessment [SOFA]),
and length of hospital stay. However, the rate of disease progression beyond supplementary
oxygen was not different between the two groups, and no patient died in both groups [103].
A study compared ribavirin + interferon-a, lopinavir/ritonavir + interferon-a, and ribavirin

+ lopinavir/ritonavir + interferon-a, there was no significant difference in PCR-negative
conversion time, and gastrointestinal side effects were more common in patients treated with
triple regimen [104]. In a small-scale RCT that compared ribavirin + sofosbuvir/daclatasvir
therapy against no antiviral treatment, there were no significant differences in the duration
of hospitalization, admission to the ICU, and mortality. However, there were differences

in the baseline characteristics between the two groups, and the number of patients was
small to draw firm conclusions [105]. A total of three studies were conducted on ribavirin.

In two retrospective studies, ribavirin treatment was compared to no antiviral treatment,

and lopinavir/ritonavir + interferon-o was compared to ribavirin + lopinavir/ritonavir +
interferon-a treatment. There were no significant differences in time to negative conversion
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of PCR, duration of hospitalization, and mortality [106, 107]. In a prospective observational
study, ribavirin or sofosbuvir/daclatasvir were added to lopinavir/ritonavir + HCQ. As

compared to the ribavirin group, the sofosbuvir/daclatasvir group showed a reduction in the
duration of hospitalization, duration of ICU stay, and mortality. However, the control group
with no antiviral drugs was absent; thus, the effects of ribavirin could not be assessed [108].

Only one RCT on baloxavir marboxil was identified. In this study, baloxavir and favipiravir
were also administered to patients treated with lopinavir/ritonavir + interferon-a and
darunavir/cobicistat + interferon-o. There were no significant differences in time to negative
PCR conversion and rate of clinical improvement [90].

© Considerations for recommendation

1. Certainty of evidence

RCTs and observational studies on the effects of favipiravir, ribavirin, umifenovir, and
baloxavir marboxil all had significant limitations, such as co-administration of several
drugs, differences in control groups and baseline characteristics, and small size. Few
studies assessed mortality, progression to severe disease, and discharge after recovery as
primary endpoints. No statistically significant benefit was observed in the important clinical
outcomes, sample sizes were not optimal, and the risk of bias was present. Therefore, the
certainty of evidence is low.

2. Benefit and harm

A few RCTs on the effects of favipiravir, ribavirin, umifenovir, and baloxavir marboxil have
been reported, but only a small number of studies assessed important clinical indicators

such as mortality, progression to severe disease, and discharge after recovery as primary
endpoints. No consistent benefit was observed in the studies that evaluated clinical
indicators, and even the results on non-clinical indicators such as PCR negative conversion or
improvement on CT scans were inconsistent. Therefore, based on the evidence, it is unlikely
that these drugs will reduce mortality, progression to severe disease, or length of hospital
stay for patients with COVID-19.

In most studies, there was no significant difference in the frequency of severe adverse events
associated with antiviral drugs or discontinuation of drugs. However, in a dose-finding

study of favipiravir, approximately 5% of the patients discontinued the drug due to side
effects. In other studies, hyperuricemia and elevated serum levels of triglycerides and alanine
aminotransferase (ALT) were observed [92, 93]. In an RCT on umifenovir, the incidence of
nausea/vomiting was high (14.3%) [75]; however, in observational studies, the frequency of
nausea/vomiting was not significantly higher in the umifenovir-treated group than that in the
control group [99, 101]. It is difficult to assess the safety of ribavirin as there were rarely any
studies in which ribavirin was administered alone. However, in an observational study with

a control group of patients who did not receive any antiviral drugs, frequency of laboratory-
reported abnormalities were not higher in the ribavirin-treated group and there was no early
discontinuation due to side effects [107]. In contrast, the frequency of side effects was high in
the ribavirin + lopinavir/ritonavir + interferon-o-treated group in another RCT, and hemolytic
anemia and leukopenia are well-known side effects of ribavirin. Therefore, ribavirin should be
used with caution.

3. Patient values and preferences
There are no studies in Korea that assessed the values and preferences for therapeutic drugs in

https://doi.org/10.3947/ic.2021.0303 184



5
1 C Infection &
Chemotherapy

patients with COVID-19. However, while the clinical effects of the above drugs may be absent
or small, those drugs are either not approved in Korea (favipiravir and umifenovir) or approved
for unrelated indications (ribavirin). Baloxavir marboxil is not yet commonly used in Korea.
Therefore, the preference for these drugs is expected to be low.

Revised KSID/NECA treatment guideline for COVID-19

4. Resources (including cost)

Favipiravir and umifenovir are not approved in Korea and can be used only in clinical

trials. Ribavirin is approved, and the price is relatively low compared to the total cost of
hospitalization. Baloxavir marboxil is not covered by insurance and was administered 2 —3
times a day in studies on COVID-19. Therefore, the cost burden of this drug is relatively high.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines
The WHO guidelines explicitly recommend that favipiravir and umifenovir not be used for
COVID-19 and recommend comprehensively against other agents with potential antiviral
effects. The Australian guidelines recommend that baloxavir, favipiravir, and umifenovir
should not be administered outside clinical trials.

92) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.

6. Other considerations

Favipiravir and umifenovir have not been approved for use in Korea as of December 2020.
Baloxavir marboxil is approved for the treatment of influenza A or B infections in adults and
adolescents over 12 years. Oral ribavirin is approved for co-administration with interferon
alpha-2b or peginterferon alpha-2a and -2b injection in patients with chronic hepatitis C.

CQ5 Corticosteroids

o Clinical question

Is the administration of steroids effective and safe for COVID-19 patients compared to
standard treatment or no treatment?

0 PICO elements

P | C (0] Remark

Patients with - Dexamethasone Standard therapy - Mortality RCTs,

COVID-19 . Prednisolone or placebo group . Use of MV/ECMO observational
- Methylprednisolone - Duration of MV/ECMO studies with a

- Hydrocortisone . ICU care comparison group

- Duration of ICU care

- Progression to a serious illness
(oxygen therapy, HFNC, MV, ECMO)

- Duration of hospitalization

o Recommendations

5-1. Steroid administration is recommended for patients in severe and critical stages of COVID-19 (certainty of
evidence: moderate, grade of recommendation: A).
5-2. Steroid administration is not recommended for patients with non-severe COVID-19 (certainty of evidence:
moderate, grade of recommendation: C).
Clinical considerations The steroid dose is 6 mg of dexamethasone for 7 - 10 days; it can be replaced
with equivalent dose of other steroids (hydrocortisone, 150 - 200 mg;
prednisone, 40 mg; methylprednisolone, 32 mg).
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o Basic information on steroids

Steroids have potent anti-inflammatory, immunosuppressive, and anti-neoplastic effects
and play a vital role in the treatment of various conditions, including autoimmune diseases,
allergic reactions, asthma exacerbations, chronic obstructive pulmonary disease, and
malignant tumors [109]. In cases of severe infections such as sepsis, steroids may improve
the immune response [110]. Acute respiratory distress syndrome, which has a 40 — 60%
mortality rate, is the most lethal form of respiratory failure associated with systematic
inflammatory responses [111], and several circulating and proinflammatory cytokines are
involved in the onset and exacerbation of acute respiratory distress syndrome due to sepsis.
The dysregulated inflammation due to the loss of autoregulatory function of the cytokines
is the early pathophysiological cause of acute respiratory distress syndrome [112, 113].
Steroids are the final effectors of the hypothalamic-pituitary-adrenal axis that controls the
cytokines, and they can suppress severe systematic inflammation, e.g., acute respiratory
distress syndrome [114]. Steroids are used to treat patients with severe sepsis, septic shock,
and acute respiratory distress syndrome. In clinical studies of patients infected with SARS-
CoV or MERS-CoV prior to the COVID-19 pandemic, steroid administration did not improve
mortality and side effects such as avascular necrosis, diabetes, and psychosis were observed
[84]]. Moreover, prolonged viral shedding from the lower respiratory tract was observed
[115], therefore, steroids were not recommended. Recently, it was reported that patients with
severe sepsis and septic shock who received steroids recovered from shock faster and showed
lower mortality rates than those who did not receive steroids [116, 117]. Some studies also
reported that steroids reduced the mortality rate and the number of days under MV support
among patients with acute respiratory distress syndrome [118, 119].

o Evidence summary

A total of four guidelines that included recommendations for steroids were selected. The
guidelines were based on 26 studies. A total of 10 studies, i.e., five RCTs and five observational
studies, were included in the final evidence table. The results are summarized below.

In the Randomized Evaluation of COVID-19 Therapy (RECOVERY) study, which was a
large-scale RCT, the 28-day mortality was significantly reduced among those who received
6 mg of dexamethasone up to 10 times a day compared to among those who did not receive
dexamethasone (482/2104 [22.9%)] vs. 1110/4321 [25.7%]; age-adjusted RR, 0.83; 95% CI,
0.75-0.93; P<0.001). Improved mortality rate was observed among those requiring MV
support (29.3% vs. 41.4%; RR, 0.64; 95% CI, 0.72 — 0.94) and oxygen therapy (23.3% vs.
26.2%; RR, 0.82; 95% CI, 0.72 — 0.94); however, steroid administration did not improve
mortality in those who did not need oxygen therapy (17.8% vs. 14.0%; RR, 1.19; 95% CI,
0.62-0.95) [120]. In the COVID-19 Dexamethasone (CoDEX) RCT involving 41 ICUs in
Brazil, a total 0of 299 COVID-19 patients with moderate-to-severe acute respiratory distress
syndrome were randomly assigned in a 1:1 ratio to the treatment group (20 mg of intravenous
dexamethasone a day for 5 days and then 10 mg for 5 days or until transfer from the ICU)
and control group. The primary endpoint in this study was the number of ventilator-free
days for the first 28 days, which was significantly different between the groups at 6.6 days
us. 4.0 days (difference, 2.26; 95% CI, 0.2 —4.38; P=0.04). On day 7, the SOFA score

was 6.1 and 7.5 for the treatment and control group, respectively (P = 0.004), with better
improvement in the treatment group. However, there was no difference in other endpoints
such as mortality rate, ICU-free days, and duration of MV support after 28 days between
the two groups. Further, 21.9% (33/151) and 29.1% (43/148) of the patients in the treatment
and control groups, respectively, experienced secondary infections, and 31.1% and 28.3%,
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respectively, required insulin to control the blood glucose level [121]. In the Community-
Acquired Pneumonia: Evaluation of Corticosteroids in Coronavirus Disease (CAPE-COVID)
study conducted in France, patients with severe COVID-19 who were being treated in the
ICU were randomly assigned in a 1:1 ratio to the control group and treatment group (200
mg/d of hydrocortisone for 7 days, followed by 100 mg/d for 4 days, and 50 mg/d for 3 days);
treatment failure on day 21 was assessed as the primary endpoint. On day 21, the treatment
failure rate had not reduced in the low-dose hydrocortisone group compared to in the control
group (42.1% [32/76] vs. 50.7% [37/73], P=0.29). However, the CAPE-COVID study was
discontinued after studies reported positive results on dexamethasone. Therefore, it may

be a statistically underpowered study with only 149 patients, as it did not reach the intended
sample size of 290 patients. However, the low mortality rate observed in the hydrocortisone-
treated group is consistent with that observed in dexamethasone-treated group [122]. In the
Randomized, Embedded, Multifactorial Adaptive Platform Trial for Community-Acquired
Pneumonia (REMAP-CAP) study, patients were randomly assigned in a 1:1:1 ratio to two
hydrocortisone groups (200 mg/d of hydrocortisone for 7 days [2 patients received 400
mg/d] and 200 mg/d of hydrocortisone only when shock was evident [discontinued after
recovering from shock or stopping vasopressor agents for 24 hours] and a control group.
The primary endpoint was days free of treatment within 21 days. Compared to the control
group, the probabilities of superiority were 93% in the 7-day hydrocortisone group and 80%
in the cortisone group. However, this may not be a definitive conclusion as the study was
discontinued early [123]. Meanwhile, in the Metcovid study conducted in Brazil, inpatients
were randomly assigned in a 1:1 ratio to a high-dose methylprednisolone group (0.5 mg/kg
twice a day for 5 days) and control group. The 28-day mortality was not improved; however,
in subgroup analysis of those over the age of 60, the mortality rate was significantly lower in
the high-dose methylprednisolone group than in the control group (46.6% vs. 61.9%) [124].
In three observational studies including various patient groups, type of steroid, and duration
of administration, steroid administration improved the mortality rate, ICU transfer rate,

and airway intubation index [125-127]. However, in a retrospective cohort study of COVID-19
patients with mild pneumonia, short-term administration of low-dose steroid for 3 —5 days
was associated with clinical deterioration [128].

In the Rapid Evidence Appraisal for COVID-19 Therapies (REACT) study by the WHO, a meta-
analysis of seven RCTs, including currently ongoing RCTs involving 1,703 patients with severe
COVID-19, the 28-day mortality rate was lower in the steroid group than in the control group [129].

o Considerations for recommendation

1. Certainty of evidence

In the RCTs, observational studies, and meta-analysis on the effects of steroids, improved
mortality, a key clinical indicator, was evaluated; however, the results varied depending on
the dose and duration of administration and severity of COVID-19. The overall certainty of
evidence for this CQ is moderate, with inconsistent risk of bias.

2. Benefit and harm

Steroid treatment can improve mortality in cases of severe COVID-19 patients who
receive oxygen therapy or MV support. Although previous studies reported that steroids
could increase the frequency of avascular necrosis, diabetes, delayed virus clearance,
hyperglycemia, hypernatremia, and hypokalemia [84, 130, 131], the certainty of evidence
is low. Considering the improved mortality rates reported in patients with COVID-19, the
benefit of steroids outweighs the potential harm.
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3. Patient values and preferences

There is no study on the values and preferences for the use of steroids in patients with
COVID-19. However, the preference will not be low as steroids are used to treat symptomatic
sepsis and acute respiratory distress syndrome.

4. Resources (including cost)
Steroid use is approved, and the cost is expected to be as low as that of other treatment options.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines

The WHO and IDSA guidelines recommend the use of systemic steroids in severe or critical
cases of COVID-19 but not non-severe cases. The Australian guidelines recommend intravenous
or oral administration of dexamethasone at 6 mg (or acceptable alternative steroids) for up to 10
days in patients with COVID-19 who receive oxygen therapy, including MV; the NIH guidelines
also recommend the administration of dexamethasone and other steroids.

2) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.

6. Other considerations
None.

CQ6 Interleukin-6 inhibitor (tocilizumab, sarilumab)

o Clinical question

Is the administration of interleukin-6 inhibitors such as tocilizumab and sarilumab effective
and safe compared to standard treatment in patients with COVID-19?

0 PICO elements

P | C (0]
Hospitalized - Tocilizumab  Standard - Mortality RCTs, observational
patients with . Sarilumab therapy - Clinical recovery studies with a control
COVID-19 . Use of MV group and more than
- Duration of MV 500 patients
+ICU care

« Duration of ICU care
- Progression to a serious illness
(oxygen therapy, HFNC, MV, ECMO)

o Recommendations

6-1. Interleukin-6 inhibitors can be administered, within the scope of clinical trials, to patients in severe or
critical stages of COVID-19 (certainty of evidence: moderate, grade of recommendation: B).

6-2. Administration of interleukin-6 inhibitors is not recommended for patients with mild COVID-19 (certainty
of evidence: low, grade of recommendation: C).

o Basic information on interleukin-6 inhibitors

Hyper-inflammatory syndrome or cytokine storm is a severe complication of infectious
disease treatment, inflammatory immune diseases, and malignant diseases. It is caused by
dysregulated synthesis of cytokines, leading to pathological activity of the innate and adaptive
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immune system (Th1 and Th17 mediated immunity). In particular, interleukin-6 (IL-6), a
differentiation factor for B-cells, is an important pro-inflammatory mediator in immune
defense and immunomodulatory diseases; it mediates multiple pleiotropic functions in
immune response, with anti-inflammatory effects [132, 133]. Currently, there are four
pharmacological inhibitors (blockers) of IL-6 that are available for clinical use: tocilizumab,
sarilumab, and satralizumab, which are anti-IL-6 receptor monoclonal antibodies, and
siltuximab, an anti-IL-6 monoclonal antibody.

Tocilizumab is a humanized immunoglobulin G subclass 1 (IgG1) monoclonal antibody
against the IL-6 receptor; it binds to cell membrane-bound or free IL-6 receptors and inhibits
their inflammatory action. Sarilumab is a human recombinant IgG1 monoclonal antibody.
Similar to tocilizumab, it inhibits the binding of cytokines to the receptors and inhibits their
action. Siltuximab is a chimeric anti-Il-6 monoclonal antibody that directly inhibits II-6,

and satralizumab is a humanized monoclonal antibody that binds to the IL-6 receptor and
inhibits inflammation mediated by the IL-6 signaling pathway.

Significantly elevated levels of inflammatory markers (D-dimer, ferritin, C-reactive protein)
and pro-inflammatory cytokines (IL-6) are observed in cases of severe COVID-19, and

it is hypothesized that regulation of the inflammatory pathways helps prevent disease
exacerbation [134-138]. IL-6 inhibitors have not yet been approved for treating COVID-19, and
studies on the effects and safety of IL-6 pathway-related drugs in patients with COVID-19 are
being conducted.

o Evidence review

A total of three guidelines that included recommendations for IL-6 inhibitors were selected.
The guidelines were based on 16 studies, i.e., six RCTs, six (retrospective or prospective)
cohort studies, two case-control studies, and two case series, that were included in the final
evidence table. The results are summarized below.

According to a multi-center cohort study by Gupta et al. involving 4,485 patients with COVID-19
admitted to the ICU, the mortality rate was lower among those who were treated with
intravenous or subcutaneous tocilizumab within 2 days of hospitalization than in those who
were not (125/433 [28.9%)] vs. 1,419/3,491 [40.6%)]; unadjusted HR, 0.64; 95% CI, 0.54 — 0.77)
[139]. Similarly, in a prospective multi-center study, administration of tocilizumab within 6
days of hospitalization to patients with severe COVID-19 significantly increased the survival
rate (HR, 2.2; 95% CI, 1.3 - 6.7; P <0.05) [140]. In a retrospective cohort study by Rosi et al.,
administration of tocilizumab (400 mg intravenous or 324 mg subcutaneously) within 2 days

of hospitalization to patients with COVID-19 who experienced respiratory failure and received
HCQ or lopinavir/ritonavir, significantly reduced the mortality rate (34/68 [50%] vs. 7/90 [7.7%];
multivariate HR, 0.057; 95% CI, 0.017 — 0.187; P <0.001), but the side effects of tocilizumab
were not reported [141]. They suggested that early administration of tocilizumab improves the
treatment outcomes in patients with severe COVID-19. However, the confounding variables
were not controlled in this study. On the other hand, single-center retrospective studies have
reported that administration of tocilizumab did not significantly contribute to improved
mortality or clinical improvement in patients with severe COVID-19 [142, 143].

In a study by Guaraldi et al. involving 544 patients hospitalized for severe COVID-19

(tocilizumab-treated group: 179 patients) at tertiary medical institutions in Italy, multivariate
analysis showed that tocilizumab administration significantly reduced the rate of invasive MV
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support and mortality (HR, 0.61; 95% CI, 0.40 — 0.92) [144]. In a multi-center cohort study
by Rodriguez-Bano et al., regression analysis showed that the mortality rate was significantly
decreased at day 21 in the tocilizumab-treated group compared to that of the control group
(OR, 0.07; 95% CI, 0.02 - 0.17; P <0.001) [145]. Propensity score-matching analysis in
another multi-center observational study showed that tocilizumab significantly reduced the
mortality rate of patients with severe COVID-19 (HR, 0.64; 95% CI, 0.47 — 0.87; P=0.004)
[146]. In a single-center retrospective cohort study that included propensity score matching
analysis, the incidence rates of tracheal intubation and mortality were low in patients with
moderate-to-severe COVID-19 who received tocilizumab compared to in non-treated patients
(HR, 0.40; 95% CI, 0.20 — 0.77) [147]. Another single-center retrospective cohort study also
used regression analysis to show that administration of tocilizumab in patients with severe
COVID-19 pneumonia could significantly reduce the incidence of invasive ventilation and
death (adjusted HR, 0.61; 95% CI, 0.40 — 0.92; P= 0.020) [144].

On the other hand, in five RCTs, the mortality rate was not significantly reduced in

the tocilizumab-treated group as compared to in the control group. In a randomized,
double-blinded, placebo-controlled study conducted by Stone et al., 243 patients with

severe COVID-19 who did not undergo tracheal intubation and showed evidence of
pro-inflammatory status (high levels of C-reactive protein, ferritin, D-dimer, or lactate
dehydrogenase) were included. There was no significant reduction in tracheal intubation
and 28-day mortality rates in the tocilizumab-treated group compared to in the placebo
group (17/161 [10.6%] vs. 10/80 [12.5%]; HR, 0.83; 95% CI, 0.38 — 1.81) [148]. In a global
multi-center, double-blinded, placebo-controlled study (COVACTA study) by Rosas et al., 452
patients with severe COVID-19 pneumonia were included. There was no significant difference
in clinical improvement (P= 0.36) or mortality (P= 0.94) at day 28 between the treatment
group (n =294) and control group (n = 144). However, the duration of hospitalization and
ICU care were shortened by 8 days (20.0 vs. 28.0 days; P=0.037) and 5.5 days (9.8 vs. 15.5
days; P=0.045) in the treatment group [149]. This finding is similar to that of a randomized,
double-blinded, placebo-controlled study (EMPACTA study) by Roche pharmaceuticals,
which showed that administration of tocilizumab did not significantly reduce 28-day
mortality in patients with COVID-19 [150].

Salvarani et al. conducted a prospective, non-blinded, randomized clinical trial of 126
patients with findings of COVID-19 pneumonia on imaging tests, PaO2/FiO2 = 200 —300
mmHg, high fever, and high levels of C-reactive protein. Clinical deterioration within 14 days
after randomization was not significantly different between the two groups (tocilizumab
group: 17/60 [28.3%] vs. standard treatment group: 17/63 [27.0%]; RR, 1.05; 95% CI, 0.59
—1.86; P=0.87]. Additionally, admission to the ICU within 14 days after randomization
(10% vs. 7.9%; RR, 1.26; 95% CI, 0.41 —3.91) and 30-day mortality rate (3.3% vs. 1.6%; RR,
2.10; 95% CI, 0.20 — 22.6) were not significantly different between the two groups as well.
Regarding severe adverse effects, gastrointestinal bleeding was observed in one patient of
the tocilizumab-treated group and in two patients of the standard treatment group [151].
Hermine et al. conducted a multi-center, non-blinded, randomized study of 131 severe
COVID-19 patients admitted to the ICU, were not under MV support, and required oxygen
therapy at 3 L/min. Compared to standard treatment, tocilizumab treatment did not reduce
the 28-day mortality rate (tocilizumab group: 7/64 [10.9%] vs. standard treatment group:
8/67 [11.9%]; HR, 0.92; 95% CI, 0.33 — 2.53); however, it significantly reduced the rates of
non-invasive/invasive MV and mortality on day 14 of treatment (tocilizumab group: 24% vs.
standard treatment group: 36%; HR, 0.58; 90% CI, 0.33 —1.00). There was no significant
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difference in the frequency of severe adverse events between the two groups (tocilizumab
group: 32% vs. standard treatment group: 43%; P= 0.21) [152]. The findings of RCTs and
observational studies were different, so the effects of confounding variables, which were not
assessed in observational studies, need to be considered. In a multicenter, blind, randomized
clinical trial by Wang et al., 400 mg tocilizumab was first administered intravenously on the
first day of treatment to 33 out of 65 patients. A second dose was administered when fever
was observed within 24 hours of the first dose. Treatment did not improve the outcomes
(tocilizumab group: 94.12% vs. standard treatment group: 87.10%; P = 0.41) but exacerbation
of hypoxia was significantly decreased in the tocilizumab group (P =0.021). No serious
adverse effects were observed in those treated with tocilizumab; however, the frequencies

of adverse effects were 59% (20/34) and 13% (4/31) in the tocilizumab-treated and control
groups, respectively. The most common adverse effects were liver dysfunction (18%),
leukocyte reduction (15%), and neutrophil reduction (9%), all of which improved after
conservative treatment [153].

A multicenter cohort observational study of patients hospitalized for COVID-19 by Martinex-
Sanz et al. provided insights on selecting those patients who could benefit the most from
tocilizumab. C-reactive protein >150 mg/L at the beginning of treatment significantly reduced
the rate of mortality (adjusted HR, 0.34; 95% CI, 0.17 — 0.71; P= 0.005) and intensive care
(aHR, 1.77; 95% CI, 1.41 — 2.22; P <0.001). On the other hand, the treatment benefits could
not be observed in those with C-reactive protein level <150 mg/L [154].

In six recently published systematic reviews and meta-analyses, the effects of tocilizumab on
mortality in patients with severe COVID-19 were not consistent. In four studies, tocilizumab
treatment significantly reduced the mortality rate [155-158], while opposite findings were
observed in two other studies [159, 160].

Studies on the therapeutic effects of sarilumab in patients with COVID-19 are limited. In a
single-center case study, 10 out of 15 patients with COVID-19 who received sarilumab showed
improved symptoms, and rapid decrease in C-reactive protein level was associated with
clinical improvement [161].

o Considerations for recommendation

1. Certainty of evidence

Studies on the effect of tocilizumab were mainly involved patients with severe COVID-19;
however, the criteria for severity varied between different studies, and patients in the
standard treatment group received different drugs. Among the RCTs, only one study was
double-blinded, and the number of enrolled patients in the study was limited. In patient-
control group studies, there were differences in age, underlying diseases, inflammatory
markers, and disease severity between the two groups. The tocilizumab-treated group
was simultaneously treated with other drugs, which made it difficult to assess the effects
of tocilizumab. Additionally, in studies that assessed clinical MV support as a measure of
clinical improvement, provision of MV support was based on the subjective judgments of
medical staff, which led to concerns of bias in determining clinical improvement.

The effective dose and route of tocilizumab administration for treating COVID-19 are not
clear, therefore, differences in treatment effects according to the administration time need
to be identified. In particular, the optimal patient group needs to be determined for the
maximal treatment effect. The small number of patients made it challenging to observe
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statistical significance, although in some studies, statistical techniques were used to adjust
for confounding variables in the treatment and control groups. Therefore, based on these
results, the certainty of evidence is moderate.

2. Benefit and harm

The findings of RCTs and cohort studies did not consistently show that tocilizumab improves
treatment outcomes in COVID-19 patients. However, some studies reported that tocilizumab
treatment improved the mortality rates and reduced the frequency of MV support and ICU
treatment with a low frequency of side effects. Therefore, large-scale, double-blinded RCTs
are required to identify the optimal patient group and to assess the dosage and regimen of
tocilizumab.

In most studies, the frequency of severe side effects was not significantly different between the
tocilizumab-treated and control groups. Adverse effects related to tocilizumab generally include
nasopharyngitis, headache, upper respiratory tract infection, gastritis, rash, joint pain, muscle
pain, fatigue and nausea, skin and soft tissue infections, and gastrointestinal perforation,
which is the most common adverse effect. Abnormal findings observed in blood tests include
neutropenia, thrombocytopenia, dyslipidemia, and elevated liver enzymes levels. There is no
clear evidence that tocilizumab treatment significantly increases reactivation of infections in
patients with malignant and autoimmune diseases or of tuberculosis in those with rheumatoid
arthritis [162]. In a retrospective cohort study by Guaraldi et al., the rate of new infections had
significantly increased in those who received tocilizumab compared to in those who did not
(24/179 [13%] vs. 14/365 [4%]; P <0.0001); however, the increase in the rate of infections was
not observed in other studies [144, 148, 151152].

3. Patient values and preferences

Although there are no results of standardized studies on patient values and preferences, IL-6
inhibitors approved for the treatment of rheumatoid arthritis or juvenile idiopathic arthritis
are being prescribed for patients with COVID-19 without FDA approval and are not eligible
for coverage. Moreover, pharmaceutical companies such as Roche and Sanofi/Regenerondo
that manufacture IL-6 inhibitors reported that clinical studies on IL-6 inhibitors did not show
improvements in symptoms or mortality from COVID-19. Foreign medical guidelines also do
not recommend the use of IL-6 inhibitors to treat COVID-19. Therefore, patient preference is
expected to be low.

4. Resources (including cost)

IL-6 inhibitors, Actemra® (tocilizumab) and Kevzara® (sarilumab), were approved in Korea in
2012 and are currently used for the treatment of rheumatoid arthritis and juvenile idiopathic
arthritis, and they can be easily accessed. However, there are no studies on the cost-
effectiveness of IL-6 inhibitors for patients with COVID-19. IL-6 inhibitors can only be used in
clinical trials on COVID-19. Therefore, they are not covered by insurance, and the cost burden
is relatively high. It would be difficult to select certain patients for clinical trials, and the
patients themselves would need to pay for the treatment. Therefore, there may be inequalities
related to access to treatment.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines

The ACPG and NIH guidelines do not recommend using tocilizumab for the treatment of
COVID-19 outside of RCTs, with appropriate approval of an institutional review board (IRB).
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The IDSA guidelines also prohibit the routine use of tocilizumab in hospitalized patients with
COVID-19.
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2) Evaluation of acceptance and applicability in Korea

The dynamically changing epidemiological situation of the COVID-19 pandemic and medical
resources could affect the acceptance of this recommendation. Compared with the ACPG,
IDSA, and NIH guidelines, it is difficult to find significant differences according to the
characteristics of the populations or the values and preferences of patients concerning our
recommendations. Overall, high preference is expected, with individual differences, and the
benefits of this recommendation are expected to be similar to those of other guidelines.

IL-6 inhibitors are specialized drugs approved for autoimmune diseases and are already
distributed and used in clinics in Korea. However, they have not been approved for treatment
of COVID-19. Therefore, they must be used with the approval of an appropriate IRB.
Considering legal and institutional requirements, our recommendations are appropriate.

6. Other considerations
None.

CQ7 Interleukin-1 inhibitor (anakinra)
o Clinical question

Is the administration of IL-1 inhibitors beneficial for patients with COVID-19?

0 PICO elements

P | C (0]
Patients with  IL-Tinhibitors Standard therapy - Mortality RCTs, observational
COvID-19 or placebo group . progression to a serious illness studies with a
(oxygen therapy, HFNC, MV, ECMO)  comparison group
+ICU care

- Duration of ICU care
- Duration of hospitalization

o Recommendations

There is insufficient evidence supporting the administration of interleukin-1 (IL-1) inhibitors for treating
COVID-19 (certainty of evidence: low, grade of recommendation: I).

o Basic information on IL-1 inhibitors

The production of cytokines such as interleukin-1 (IL-1) increases in patients with severe
COVID-19 [163]. IL-1 inhibitors (i.e., anakinra) are approved for use in patients with
rheumatoid arthritis and cryopyrin-associated periodic syndrome (especially neonatal multi-
organ inflammatory syndrome). In addition, IL-1 inhibitors are used to treat severe cytokine
release syndrome caused by chimeric antigen receptor T cell (CAR T-cell), macrophage
activation syndrome, and hemophagocytic lymphohistiocytosis. In COVID-19 patients with
severe inflammatory reactions due to excessive cytokine secretion, anakinra was found to
alleviate cytokine storms and facilitate recovery.

o Evidence summary

There are no RCTs that compared IL-1 inhibitor-treated and untreated control groups of
patients with COVID-19. All of the following studies on IL-1 inhibitors used anakinra.
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In March 2020, COVID-19 patients over 18 years with moderate to severe respiratory distress
syndrome (ARDS) and hyperinflammation who were receiving non-invasive MV treatment
outside the ICU were included in a retrospective cohort study in Italy [164]. The treatment
group was treated with 5 mg/kg of intravenous anakinra (high dose) twice a day (29 patients),
as compared to the control group (16 patients). On day 21, 72% of the treatment group
showed decreased levels of CRP and improved respiratory function, while 17% and 6% of
the patients required MV and died, respectively. In the control group, 50% of the patients
showed improvements while 6% and 44% required MV and died, respectively. Bacteremia
was observed in 14% of the anakinra-treated group and 13% of the control group.

A study involving patients over the age of 18 who had severe COVID-19 with bilateral
pneumonia was conducted in France between March and April 2020 [165]. In this study,
data from historical cohort control groups were compared with data collected prospectively
from patients treated with anakinra. Patients in the anakinra group received 100 mg of
subcutaneous anakinra twice a day for 3 days, after which the frequency was reduced to
once a day for 7 days. There were 55 and 44 patients in the anakinra group and control
group, respectively. ICU care with MV and death were observed in 25% of the anakinra
group compared to in 73% of the control group (HR, 0.22; 95% CI, 0.11 — 0.41; P <0.0001).
Statistical significance was also observed in multivariate analysis (HR, 0.22; 95% CI, 0.10 —
0.49; P=0.0002). The liver enzyme levels had increased by 13% and 9% in the anakinra and
control groups, respectively.

A retrospective cohort study of patients with COVID-19 treated in California, US, compared
patients treated with tocilizumab and anakinra between March and April 2020 [166]; 52
patients received tocilizumab in the first half, and 41 patients received anakinra in the
second half of the study period. The mortality rate was lower in those who received 100 mg
of subcutaneous anakinra 4 times a day compared to those who received tocilizumab (22%
us. 46%). However, statistical significance was not observed after correcting the difference in
disease severity at the beginning of treatment (propensity score-adjusted HR, 0.46; 95% CI,
0.18-1.20).

In France, COVID-19 patients received intravenous administration of anakinra 300 mg once
a day for 5 days, followed by 200 mg once a day for 2 additional days, and 100 mg on the

last day, and the data were retrospectively analyzed [167]. A total of 12 and 10 patients were
included in the anakinra and control groups. Significant clinical improvement was observed
in those who received anakinra treatment compared to the control group (oxygen demand,
number of days free of MV), and no death was observed. In the control group, one death was
observed.

Electronic medical records of 5,776 patients treated for COVID-19 at 12 hospitals were
reviewed in the eastern US between March and April 2020 [168]. The survival data of patients
who were treated with immunomodulatory drugs to control the cytokine storm caused by
COVID-19 were compared. The mortality rates of the steroid monotherapy (HR, 0.66; 95%
CI, 0.57 - 0.76; P <0.0001), steroid-tocilizumab combination therapy (HR, 0.44; 95% CI,
0.35-0.55; P<0.0001), and steroid-anakinra combination therapy (HR, 0.68; 95% CI, 0.57 —

0.81; P <0.0001) groups were lower than those of the standard treatment group. However, the

mortality rates of the tocilizumab monotherapy and anakinra monotherapy groups were not
different from those of the standard treatment group.
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© Considerations for recommendation

1. Certainty of evidence

There are no RCTs on IL-1 inhibitor treatment in COVID-19 patients. Only retrospective
cohort studies are available. In addition, the dose, regimen, and treatment duration

of anakinra vary in different studies. Some studies reported improved recovery, MV
requirements, and mortality rates in the anakinra-treated group; however, some studies
reported that the statistical significance disappeared after adjusting for severity of COVID-19
at the beginning of treatment. Moreover, since many patients received combination
therapy with steroids and anakinra even in the anakinra-treated groups, interpreting the
results is difficult. In the US-based study that analyzed the largest number of patients,
anakinra monotherapy did not show any advantage in terms of survival compared to steroid
monotherapy or steroid/anakinra combination therapy. Therefore, the overall certainty of
evidence for the treatment effects of anakinra is low.

2. Benefit and harm

In patients with severe COVID-19, anakinra is expected to reduce excessive inflammatory
reactions. However, it needs to be confirmed whether the risk of bacterial and fungal
infections or additional complications is not high and has a superior effect on clinical
recovery than steroids.

3. Patient values and preferences

There is no study on the values and preferences of patients with COVID-19. As the
information on cytokine storms, which leads to rapid deterioration in COVID-19, is widely
known among the general public, preference for anakinra will not be low.

4. Resources (including cost)

A bottle of anakinra (100 mg/0.67 mL) costs 76,392 won in general. On the other hand,
steroids are cheaper than anakinra. Therefore, the cost of anakinra needs to be considered
before use.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines
There are no guidelines in other countries that recommend the use of anakinra in patients
with COVID-19.

2) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.

6. Other considerations
There are no established standards for dosage and regimen. Systematic data on the use of IL-1
inhibitors in patients with complications of and resistance to steroid treatment are required.

CQ8 Interferon

o Clinical question

Is interferon treatment effective and safe for patients with COVID-19 compared to standard
treatment or no treatment?
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O PICO elements

P | c (] Remark
Hospitalized patients Interferon Standard therapy - Mortality RCTs, observational
with COVID-19 or placebo group . Use of MV studies with a

- Duration of hospitalization comparison group

- Discharge

- WHO severity classification

o Recommendations

Interferon can be used within the scope of clinical trials in patients with COVID-19 (certainty of evidence: low,
grade of recommendation: B).

o Basic information

Interferon is an immunomodulatory molecule that exhibits antiviral properties, and it
has been used as a therapeutic agent in cases of SARS-CoV-1 and MERS-CoV in the past.
In in-vitro experiments, interfeon inhibited the viral proliferation of SARS-CoV-2 [169].
In addition, type-1 interfeon secretion is decreased in patients with severe COVID-19, and
autoantibodies that neutralize interfeon are a risk factor associated with severe COVID-19
progression [170, 171].

o Evidence summary

A total of three guidelines that included recommendations for interfeon were selected. The
guidelines were based on six studies, i.¢., four RCTs and two observational studies, that were
included in the final evidence table. The results are summarized as follows.

Studies on the use of interfeon in patients with COVID-19 mostly compared the effects

of interfeon-lopinavir/ritonavir combination therapy with standard lopinavir/ritonavir

therapy. The largest of the four RCTs was the SOLIDARITY trial conducted in 30 countries,
commissioned by the WHO. Interfeon B-la is one of the four drugs tested in the SOLIDARITY
trial, and approximately 4,1000 patients hospitalized for COVID-19 were included in this

RCT. Those who received subcutaneous interfeon B-1a three times for 6 days with standard
therapy were compared to those who only received standard therapy. The mortality ratio
during hospitalization between the two groups was 1.16 (95% CI, 0.96 —1.39), suggesting that
interfeon p-1a combination therapy did not reduce the mortality rate compared to standard
therapy [11]. In this study, interfeon [3-la was also not effective in reducing the duration of MV
support and hospitalization. The other three RCTs on interfeon were small-scale studies with
less than 100 patients. In one study on inhaled interfeon B-1a, improvements were observed,
using the WHO clinical symptom ordinal scale, at 2 weeks after use of interfeon 8-la compared
to the use of placebo (OR, 2.32; 95% CI, 1.07 — 5.04) [172]. In a study that treated patients

with interfeon B-1a + ribavirin + lopinavir/ritonavir and lopinavir/ritonavir only, the duration

of virus excretion was shortened in the combination therapy group treated with interfeon

f-1a + ribavirin + lopinavir/ritonavir [103]. Another study compared the effect of interfeon

[-la combined with lopinavir/ritonavir and HCQ to that of standard treatment with lopinavit/
ritonavir and HCQ, interfeon -la combination therapy increased the rate of discharge on day 14
and decreased the 28-day mortality rate compared to standard treatment [173].

o Considerations for recommendation

1. Certainty of evidence
The interpretation of the results of the RCTs and observational studies on the effects of
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interfeon treatment is limited due to co-administration of drugs and differences in route
and timing of administration, disease severity, and sample size. The SOLIDARITY trial is

a large-scale RCT study of more than 4,000 patients; however, confounding variables such
as combination therapy with steroids, disease severity before administration, and route of
administration limit the interpretation of the study results. Currently, some clinical trials on
subcutaneous injection of interfeon B-la are ongoing, and further studies on the effects of
interfeon treatment are needed [174].

2. Benefit and harm

In the SOLIDARITY trial, interfeon combined with standard therapy did not affect mortality,
need for MV, and duration of hospitalization. However, in other small-scale RCTs, inhaled
or transdermal interfeon B-la effectively improved clinical symptoms and discharge and
mortality rates. It is difficult to recommend interfeon for COVID-19 based on the results of
published studies. However, interfeon can be used within the scope of clinical trials.

The main side effects of interfeon a, which has been used to treat chronic hepatitis, are
neuropsychiatric symptoms such as fever, muscle pain, fatigue, hemocytopenia, depression,
and suicidal ideation [175]. Interfeon B has fewer side effects than interfeon o, and the
frequency of side effects of interfeon f in patients with COVID-19 vary depending on studies
[172]. In one study, the frequency of fever, chills, headache, and fatigue related to interfeon
administration, which was not observed in the standard treatment group, and was 19.0% in
those who received subcutaneous interfeon. Additionally, the frequency of neuropsychiatric
problems such as anxiety was 9.5% [173]. However, in another study, there was no difference
in the frequency of side effects between interfeon combination treatment and standard
treatment groups [103]. On the other hand, the frequency of treatment-related side effects
such as cough was higher in the interfeon inhalation group (15%) than in the placebo group
(4%) in a study on inhaled interfeon [176].

3. Patient values and preferences

Currently, the choice of treatment for COVID-19 patients is highly limited, and very few drugs have
shown proven therapeutic effects. At the beginning of the COVID-19 pandemic, when information
on treatment was scarce, interfeon was covered by insurance when co-administered with other
antiviral drugs to COVID-19 patients based on experiences with SARS-CoV-1 and MERS-CoV
patients in the past. However, currently, it is mainly used within the scope of clinical trials.

4. Resources (including cost)

Transdermal interfeon B-1a is available in Korea as Rebif®, which has been used to treat multiple
sclerosis. Inhaled interfeon B-la was developed to treat patients with viral infections of the
lower respiratory tract; however, it has not been approved in Korea yet for treating COVID-19.

5. Acceptability and applicability

1) Comparison of recommendations with other countries' clinical practice guidelines

The clinical practice guidelines by the WHO, NIH, and Australian authorities do not
recommend the use of interfeon for patients with COVID-19 outside the scope of clinical trials.

2) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.
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6. Other considerations
Several clinical trials on interfeon combination therapy for COVID-19 are being conducted in
Korea and internationally.

CQ9 Convalescent plasma

o Clinical question

Is convalescent plasma therapy effective and safe for patients with COVID-19 compared to
standard treatment or no treatment?

O PICO elements

P | C 0 Remark

Hospitalized Convalescent  Standard therapy - Mortality RCTs, observational

patients with plasma or placebo group . Use of MV/ECMO studies with a

COVID-19 . Duration of MV/ECMO comparison group
+ICU care

- Duration of ICU

- Progression to a serious illness
(oxygen therapy, HFNC, MV, ECMO)

- Duration of hospitalization

o0 Recommendations

There is insufficient evidence on the benefit of convalescent plasma therapy in patients with COVID-19 to
make recommendations (certainty of evidence: low, grade of recommendation: I).

o Basic information

Convalescent plasma may contain virus-specific neutralizing antibodies and has been
considered as a treatment option for infectious diseases through immune responses such
as antibody-dependent cytotoxicity, complement activation, and phagocytosis. Although
convalescent plasma showed encouraging effects against Ebola virus, SARS, and MERS, the
sample sizes were small, and the studies were not randomized [177-179].

o Evidence summary

Four guidelines included in the recommendations for convalescent plasma were selected.
The guidelines were based on 13 studies, i.e., five RCTs, three (retrospective or prospective)
cohort studies, four case-control studies, and one descriptive study, which were included
in the final evidence table. Two of the five RCTs were not peer-reviewed. The results are
summarized as follows.

Li et al. found no differences in the 28-day clinical outcomes (HR, 1.40; 95% CI, 0.79 —

2.49; P=0.26) and mortality (treatment group: 16% vs. non-treatment group: 24%, P=0.3)
between the convalescent plasma treatment (n = 52) and non-treatment (n = 51) groups.

In this study, plasma with a specific IgG titer of 1:640 or higher was administered, and the
period from the onset of symptoms to participation in the study was relatively long (27 days
for the treatment group and 30 days for the non-treatment group). Additionally, it was not

a blinded study [180]. In the RCT that compared convalescent plasma treatment group (n =
235) and non-treatment group (n = 239), the 28-day mortality was 19% and 18%, respectively
(risk difference, 0.008; 95% CI, -0.062 — 0.078; risk ratio, 1.04; 95% CI, 0.71 — 1.54); this was
not a blinded study, and neutralizing antibody titers were not measured [181].
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There were two RCTs that were not peer-reviewed. In one study, 38 patients who underwent
convalescent plasma treatment did not require MV support or died during the study. In
contrast, 14% of 43 patients who did not receive convalescent plasma therapy showed
clinical deterioration and 9.3% were died, respectively, suggesting that convalescent plasma
treatment was effective [182]. However, this study was not blinded. In another study, there
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was no significant difference in disease progression and mortality rate between convalescent
plasma treatment (n = 43) and non-treatment (n = 43) groups [183].

In a blinded study that randomized patients with severe pneumonia in a 2:1 ratio to
convalescent plasma treatment (n = 228) and non-treatment (n = 105) groups, the mortality
rate was 10.95% and 11.43%, respectively, which was not significantly different (OR, 0.83;
95% CI, 0.52 —-1.35; P=0.46) [184].

o Considerations for recommendation

1. Certainty of evidence

The RCTs that assessed the effects of convalescent plasma therapy had small sample sizes,
and most studies were not blinded. Moreover, antibody titers and time points for plasma
administration were different for each study. Therefore, the overall certainty of evidence is
low due to inaccuracy and inconsistency.

2. Benefit and harm

There are little RCTs with a small number of patients on the effects of convalescent plasma
therapy, and this therapy did not show clinical improvement or reduced mortality in patients
with COVID-19, except in one study. The criteria for selection of plasma and the timing of
administration are also different for each study, and it is difficult to determine the benefits
of convalescent plasma administration based on the evidence so far. In a safety study of 200
patients, only 78 cases of side effects related to blood transfusion were observed, which was
less than 1% [185]; in all, 63 (0.3%) deaths were reported, and of them, 13 were associated
with blood transfusion.

3. Patient values and preferences

There are no studies in Korea that assessed the value and preference for this therapy in
patients with COVID-19. There is a case report in Korea of two patients with acute respiratory
failure from COVID-19 pneumonia who had a good prognosis after steroid and plasma
treatment [186].

4. Resources (including cost)
It is important to set the criteria for donor selection as the effects of the neutralizing
antibodies may differ according to the plasma of the donors.

5. Acceptability and Applicability

1) Comparison of recommendations with other countries' clinical practice guidelines
In the IDSA guidelines, convalescent plasma treatment is recommended only for clinical
trials of hospitalized patients with COVID-19, and the ACPG does not recommend trials
other than ethically approved RCTs. The NIH and Chinese guidelines report that there is
insufficient evidence on the use of convalescent plasma treatment.

2) Evaluation of acceptance and applicability in Korea
The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
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Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.
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6. Other considerations
Convalescent plasma treatment has not been approved for use in patients with COVID-19 by
the FDA.

CQ10 Conventional intravenous immunoglobulin (1VIG)

o Clinical question

Is the administration of conventional intravenous immunoglobulin (IVIG) effective and safe
for patients with COVID-19 compared to standard treatment or no treatment?

o PICO elements

P | C (] Remark
Hospitalized ~ Conventional IVIG Standard therapy - Mortality RCTs, observational
patients with or placebo group . Use of MV/ECMO studies with a
COVID-19 . Duration of MV/ECMO comparison group

- ICU care

- Duration of ICU care

- Progression to a serious illness
(oxygen therapy, HFNC, MV, ECMO)

- Duration of hospitalization

o Recommendations

Administration of conventional IVIG is not recommended for patients with COVID-19.

However, IVIg therapy should not be excluded when indicated for treatment of complications of COVID-19
(certainty of evidence: low, grade of recommendation: C).

o Basic information related to other antiviral agents

Theoretically, immunoglobulins that are produced by the antibodies in the plasma can
suppress viruses and regulate the inflammatory response. For example, cytomegalovirus
immunoglobulins for preventing cytomegalovirus infection are safe and effective. However,
there is no information on the effectiveness of immunoglobulins, including specific
antibodies, in patients with COVID-19. Commonly used immunoglobulins may benefit the
immune system; however, this is not clear for patients with COVID-19.

o Evidence summary

The guidelines that included recommendations for immunoglobulins were selected. The
guidelines were based on three studies, two RCTs and one (retrospective or prospective) cohort
study, which were included in the final evidence table. The results are summarized as follows.

In one randomized, double-blinded study by Gharenbaghi et al. involving patients with
moderate COVID-19 who did not respond to initial treatment, the mortality rate was
significantly lower in the immunoglobulin the treatment group (n = 30) than in the control
group (n =29) (6 [20.0%] vs. 14 [48.3%], respectively; P=0.022) [187]. In the RCT that
was not peer-reviewed, the rate of clinical deterioration (2/14 vs. 7/12, P=0.038) and
duration of ICU care (2.5 days vs. 12.5 days, P = 0.006) were reduced in those who were
treated with immunoglobulins and steroids (n = 16) compared to in those who received
standard treatment (n = 17) [188]. In the retrospective cohort study by Shao et al., with 174
and 151 patients who did and did not receive immunoglobulin therapy, respectively, the
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duration of hospitalization was longer in the treatment group. However, the study was not
randomized, and the immunoglobulin treatment group was older and had a higher number
of cardiovascular diseases than the control group [189].

Revised KSID/NECA treatment guideline for COVID-19

o Considerations for recommendation

1. Certainty of evidence

There were only two RCTs on immunoglobulins, with a small number of patients, and the
dose and point of immunoglobulin administration were different between the two studies.
Therefore, the overall certainty of evidence is low due to inaccuracy and inconsistency.

2. Benefit and harm

There are no studies on SARS-CoV-2-specific immunoglobulins. In the two RCTs, the
immunoglobulin treatment group showed good prognosis; however, immunoglobulin was
administered alone in only one study. The studies also had a small sample size. Therefore,
the benefit of immunoglobulins in patients with COVID-19 is not clear. Side effects of
immunoglobulin administration include symptoms of common cold, skin reactions,
arrhythmia, hypotension, and lung damage related to blood transfusion [190].

3. Patient values and preferences
No study in Korea has assessed the values and preferences for immunoglobin therapy in
patients with COVID-19.

4. Resources (including cost)

There is no study on the cost-effectiveness of immunoglobulins in patients with COVID-19.

In Korea, general human immunoglobulins are available, and administration of 5 g a day for
7 days for severe infections is covered by insurance. Additional benefits are offered in cases of
sepsis or acute respiratory distress syndrome in cases of MERS and COVID-19.

5. Acceptability and applicability
1) Comparison of recommendations with other countries' clinical practice guidelines
(Refer to the table comparing different recommendations)

The NIH guidelines do not have sufficient data on the effects of SARS-CoV-2
immunoglobulins, and it is recommended that non-specific immunoglobulins should not be
used in clinical practice, except in clinical studies. Moreover, the NIH guidelines state that
immunoglobulins should not be excluded when indicated for the treatment of complications
of COVID-19. The ACPG does not recommend the use of immunoglobulin and steroid
combination therapy for patients with COVID-9 patients, except in clinical studies.

2) Evaluation of acceptance and applicability in Korea

The Korean acceptance and applicability evaluation tool in the NECA Clinical Practice
Guidelines Handbook (2015) was used to evaluate the acceptance and applicability of the
treatment guidelines.

6. Other considerations
In Korea, clinical studies on hyper-immunoglobulin therapy are currently being conducted.

Future perspectives
These recommendations were developed during October and December 2020. There exist
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certain limitations, such as lack of meta-analysis and multidisciplinary review, due to the

Revised KSID/NECA treatment guideline for COVID-19

time constraint.

Regular review of updated literature and emerging issues are planned to keep the
guidelines up to date. Recommendations regarding monoclonal antibody are currently
being reviewed. The Korean Academy of Medical Sciences and the NECA are planning for

a comprehensive, multidisciplinary guideline on the medical care of COVID-19, which will
cover pharmaceutical treatments as well as critical care, children and pregnant women, and
people with special conditions. The KSID will continue to contribute to this joint effort.
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