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Purpose: In response to the COVID-19 pandemic, the World Health Organization (WHO) developed a set of outcome measures for 
trials primarily aimed at hospitalised patients. However, a gap exists in defining outcome standards for non-hospitalised patients. 
Therefore, this study aims to discuss hospitalisation as a primary outcome in outpatient trials and its potential pitfalls, specifically 
focusing on trials related to anti-SARS-COV-2 therapy.
Methods: In this narrative review, researchers thoroughly searched MEDLINE and ClinicalTrials.gov from January 2020 to 
December 2022, targeting Phase III randomized controlled trials involving outpatients with mild-to-moderate COVID-19. The trials 
were specifically related to anti-SARS-COV-2 monoclonal antibodies or antiviral agents. The study collected essential data, including 
the type of intervention, comparator, primary objective, primary endpoint, and the use of estimands in the trial.
Results: The search identified 12 trials that evaluated the efficacy of anti-SARS COV-2 therapies in a predefined population. Three 
studies used hospitalisation and death as primary endpoints in high-risk patients receiving monoclonal antibodies. Nine studies 
assessed the efficacy of several antiviral agents: four trials used hospitalisation and death as the main endpoints, while others used 
different measures such as virologic measures using the Reverse Transcription-Polymerase Chain Reaction test (RT-PCR), the eight- 
point WHO ordinal scale, symptom alleviation by Day 7 and time to clinical response.
Conclusion: Choosing hospitalization as an endpoint may provide meaningful data such as the cost-effectiveness ratio of a drug. 
However, different hospital utilisation patterns and investigator decisions could bias clinical outcomes if no specific criteria are 
considered. Therefore, investigators should have clear criteria for determining variables that influence this measure.
Keywords: COVID-19, outcome measures, non-hospitalized patients, monoclonal antibodies, antiviral agents

Introduction
SARS-COV-2 or COVID-19 is a global health-threatening pandemic that was initially detected in Wuhan in Hubei 
Province, China, in December 2019.1 The virus causes acute atypical respiratory disease, and the World Health 
Organization (WHO) Emergency Committee declared it a global health emergency in January 2020.2 More than 80% 
of infections were mild and approximately 14% were severe.3 Studies have shown that 75% of patients with severe 
disease progress to pneumonia possibly requiring hospitalization and critical care admissions.2 Disease severity is 
strongly related to patients’ age, with adults aged over 65 accounting for 80% of hospitalisations. Furthermore, the 
severity of COVID-19 is strongly linked to health issues such as hypertension, diabetes, obesity, cardiovascular disease, 
and respiratory conditions.4

Many clinical trials on interventions have been conducted over the past three years to tackle the pandemic. For 
instance, as of 15 December 2022, there have been over 4, 800 clinical trials of COVID-19 interventions on 
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ClinicalTrials.gov. In response to this pandemic and the growing number of COVID-19 trials, a WHO-led working group 
developed a minimum set of outcome measures for COVID-19 trials.5 This set included three elements: measure of viral 
burden, measure of patient survival and measure of patient progression through the healthcare system, using the WHO 
Clinical Progression Scale.5 However, these core outcomes are more likely to be applicable to trials conducted on 
hospitalized patients, and there is a need to set standards for outcomes that capture different settings of care, such as non- 
hospitalized patients.6

One of the options that has been widely used in COVID-19 trials in non-hospitalized patients with mild-to-moderate 
disease is the hospital admission rate.7–9 However, evaluating the overall impact of hospitalization is not feasible and 
may have certain limitations. Therefore, this study aimed to review the reported endpoints in clinical trials conducted on 
non-hospitalized patients with mild-to-moderate COVID-19 in terms of measuring intervention efficacy. Additionally, the 
study discussed in particular the use of hospitalization as a primary endpoint, using clinical trials for anti-SARS-CoV-2 
therapies as an example, and its potential pitfalls.

Materials and Methods
Search and Study Selection
In this narrative review, we searched MEDLINE and ClinicalTrials. gov from January 2020 to December 2022 for Phase 
III randomised controlled trials (RCTs) in outpatients with mild-to-moderate COVID-19, using either anti-SARS-COV-2 
monoclonal antibodies or antiviral agents.

The terms used for searching the literature included those related to the disease of interest (COVID-19, Severe Acute 
Respiratory Syndrome [SARS]), population of interest (non-hospitalised COVID-19 patients, outpatients with COVID-19, 
mild or moderate COVID-19 patients, high-risk COVID-19 patients, ambulatory COVID-19 patients), and management of 
interest (anti-COVID19 monoclonal antibodies (MAB), anti-SARS-COV-2 antibodies products, and antiviral treatment for 
COVID-19) (see Appendix A for the definitions of the used search terms). The present review conducted base on the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline.

We included all phase III experimental studies (RCTs) if they met our PICO-D criteria: (1) that related to the 
population of interest: outpatient subjects with a mild to moderate COVID-19; (2) intervention of interest: anti-SARS- 
COV-2 monoclonal antibodies and antiviral for COVID-19; (3) comparison of interest: placebo or standard of care; (4) 
outcomes of interest: treatment efficacy of COVID-19. Only English language publications were included, as non- 
English papers could not be feasibly translated into English. For research using ClinicalTrials. gov, only completed 
studies and those with available results were included. The exclusion criteria included Phase I, and Phase II experimental 
studies (RCTs); studies not having a comparison group; patients were additionally excluded if they had previously been 
hospitalized for Covid-19; and patients who had previously received a SARS-CoV-2 vaccine.

Screening and Extraction of Data
The titles and abstracts of potentially suitable articles were reviewed. These underwent full-text screening to assess 
eligibility. The following data were extracted from each eligible study: (1) type of intervention (2) comparator (placebo 
or standard care); (3) primary objective; (4) primary endpoints; and (5) the use of estimands in the trial.

Results
Summary of Trials on Outpatient Interventions for COVID-19
The search strategy identified 12 Phase III trials (Figure 1) that investigated the management of mild-to-moderate 
COVID-19 in outpatient settings using monoclonal antibodies or antiviral interventions.7–18

Outcomes in Included Trials Using Monoclonal Antibodies
Three Phase III trials evaluated the efficacy of anti-SARS COV-2 monoclonal antibodies.7–9 All the trials used 
hospitalization and death from any cause as primary endpoints in high-risk patients. Of these, two used COVID-19- 
related hospitalizations,7,9 while one used hospitalization for acute illness management.8 A summary of which is 
presented in Table 1.
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Outcomes in Included Trials Using Antiviral Agents
Nine Phase III studies assessed the efficacy of antiviral agents for the treatment of mild or moderate COVID-19,10–18 of 
which, four used hospitalization and death as the main endpoints.10,12,13,17 All these studies assessed hospitalization in 
relation to COVID-19, except for one that measured the incidence of hospitalization for any cause. In contrast, two 
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Figure 1 Flowchart Identifying Trials Included in the Study. Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG: The PRISMA Group. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009;6(6): e1000097. Creative Commons.

Table 1 Summary of the Current Clinical Trials Evaluating Monoclonal Antibodies (MAB) in COVID-19 Outpatients

Study Identifier Date and Author Intervention Comparator Primary 
Objective

Primary Efficacy Endpoints

COV-2067/ 
(NCT04425629)

(Weinreich et al, 
2021)9

REGN-COV2 
2400 mg, n=1355, 
1200 mg, n= 736

Placebo 2400 mg, 
n=1341, 1200 mg, 
n= 748

To evaluate the 
efficacy and safety 
of REGN-COV2.

Proportion of patients with at least one 
(≥1) COVID-19-related hospitalization or 
all-cause death through Day 29.

BLAZE-1 / 
PYAB 
(NCT04427501)

(Dougan et al, 
2021)7

Bamlanivimab plus 
Etesevimab, n=518

Placebo, n=517 To evaluate the 
efficacy and safety 
of Bamlanivimab 
plus Etesevimab.

Percentage of participants who experience 
COVID-19-related hospitalisation (acute 
care for ≥24 hours) or death from any 
cause by Day 29.

VIR-7831-5001/ 
COMET-ICE 
(NCT04545060)

(Gupta et al, 2021)8 Sotrovimab (VIR- 
7831) 500 mg, 
n=291

Placebo, n=292 To evaluate the 
efficacy of VIR- 
7831.

Proportion of participants who have 
progression of COVID-19 to 
hospitalisation >24 hours for acute 
management of illness or death through 
Day 29.
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studies used the Reverse Transcription-Polymerase Chain Reaction (RT-PCR) as the primary measure.14,15 One study 
assessed the efficacy of umifenovir in patients with mild and moderate COVID-19, and different measures were used 
based on the severity of the patients.11 For instance, for asymptotic mild patients, the time taken for a nasopharyngeal 
swab RT-PCR test to be negative was the outcome measure used. For patients with moderate COVID-19, the average 
change in the ordinal scale from baseline scores on the eight-point WHO ordinal scale was used.11 In addition, one trial 
used symptom alleviation by Day 7 as a primary efficacy endpoint, while another used clinical response and time to 
clinical response measures by defining the clinical response as follows: one-order decline in disease category on the five- 
category ordinal scale. The categories are death, mechanical ventilation, non-invasive ventilation, oxygen mask or nasal 
cannula and discharge.16,18 A summary of the trials are presented in Table 2.

The Estimands
Recently, the estimand framework has offered a crucial method for identifying the treatment effect that must be assessed 
in a trial. The estimands were not specified and evaluated in all identified studies (both those trials using monoclonal 
antibodies and antiviral agents). However, the procedures advised by the Cochrane Group or the CONSORT declaration 
and the current requirement for reporting clinical trials in medical journals still need to consider the importance of 
estimands to clinical studies.19–21

Discussion
In this study, we reviewed the outcomes reported in outpatient settings in clinical trials related to COVID-19 therapies. 
The most common outcome reported was hospitalization. Below, we discuss the potential pitfalls of hospitalization as 
a primary endpoint in RCTs, as well as possible ways to improve reporting of such outcomes.

The Pitfalls of Using Hospitalization as a Primary Endpoint in RCTs
Hospitalization and emergency room (ER)/hospital admissions as primary endpoints with different hospital utilization 
patterns and investigator decisions could potentially bias the results of clinical trials, particularly if no specific criteria or 
definitions of these outcomes are considered.

Furthermore, the rate of hospital admission can be significantly affected by socioeconomic status and national 
resources. For instance, free universal healthcare and the availability of medical insurance can affect healthcare 
accessibility, thereby influencing outcome measures. This issue may be more pronounced in trials conducted in multiple 
countries with different healthcare resources.

The Use of Hospitalization as a Primary Endpoint in COVID-19 Trials
The sponsors of clinical trials for COVID-19 treatments have used various primary endpoints, depending on the trial 
population, for example, mild disease among outpatients vs severe disease in hospitalized patients. As the outcome 
measures depend on the infectivity and clinical features of the disease, choosing an appropriate endpoint to measure the 
efficacy of intervention in high-risk mild-to-moderate COVID19 is challenging. However, in 2020, Marshall et al 
retrospectively reviewed clinical trials and observational studies conducted on COVID19 patients (regardless of 
severity).5 The results are based on extracted data from WHO registered studies up to April 2020. Most of the primary 
endpoints measured were the viral load using a quantitative PCR (148 studies), mortality (118 studies), duration of 
hospitalization (32 studies) and progression or improvement of the clinical symptoms of the patient (175 studies). In 
addition, respiratory function measured by oxygen saturation using mechanical ventilation or extracorporeal membrane 
oxygenation (ECMO) were used as primary endpoints in 101 studies based on the WHO COVID-19 infection group 
review.5

A virological endpoint may be helpful for proof-of-concept studies and is generally accepted. However, the primary 
endpoint of Phase III clinical trials should reflect the primary objectives of the study. The effect of the treatment on 
mortality was clinically significant. However, it has been acknowledged that death as the primary outcome is not 
appropriate in an outpatient setting. Although a reduction in mortality would offer undeniable proof of the therapeutic 
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Table 2 Summary of the Current Clinical Trials Evaluating Antiviral Treatment in COVID-19 Outpatients

Study Identifier Date and Author Intervention Comparator Primary Objective Primary Efficacy Endpoints

NA (Ramachandran et al, 

2022)11

Umifenovir n=60 Placebo n=63 To test the efficacy, safety and 

tolerability of Umifenovir in 

non-severe COVID-19 adult 
patients.

- For asymptotic-mild patients was 

time to nasopharyngeal swab RT-PCR 

test negativity.  
- For moderate patients, the average 

change in the ordinal scale from the 

baseline scores on the eight-point 
WHO ordinal scale.

GS-US-540-9012 
(NCT04501952)

(Gottlieb et al, 2022)12 Remdesivir (RDV): 279 
patients received 200 mg 

intravenous (IV) single dose 

on Day 1.100 mg IV of RDV 
on Days 2 and 3.

283 patients received IV 
placebo to match (PTM) RDV 

on Days 1 to 3.

To evaluate the efficacy and 
safety of Remdesivir (GS- 

5734™).

The composite outcome of COVID- 
19-related hospitalisation (defined as 

at least 24 hours of acute care) or all- 

cause death by Day 28.

EPIC-HR 
(NCT04960202)

(Hammond et al, 2022)10 Orally administered PF- 
07321332 (nirmatrelvir) + 

ritonavir in 1120 patients.

Orally administered placebo in 
1126 patients.

To evaluate the efficacy and 
safety of PF-07321332 

(nirmatrelvir) / ritonavir.

Proportion of participants with 
COVID-19-related hospitalisation or 

death from any cause by Day 28.

MOVe-OUT/MK-4482- 
002

(Jayk Bernal et al, 2022)13 Molnupiravir 800mg 

administered orally twice for 
5 days. n=716

Placebo n=717 To evaluate the safety and 

efficacy of molnupiravir in 
non-hospitalized adults with 

COVID-19

The incidence of hospitalisation for 

any cause (defined as ≥24 hours of 
acute care in a hospital or any similar 

facility) or death through Day 29.

The TOGETHER trial/ 
NCT04403100

(Reis et al, 2021)17 Hydroxychloroquine (800 mg 

loading dose, then 400 mg), 

n=214 or lopinavir-ritonavir 
(loading dose of 800 mg and 

200 mg, then 400 mg and 

100 mg), n=244

Placebo, n=227 To evaluate the efficacy of 

hydroxychloroquine or 

lopinavir-ritonavir for the 
treatment of high-risk 

outpatients with COVID-19.

COVID-19-associated hospitalisation 

and death assessed at 28 days after 

randomisation.

IRCT20200403046926N1 (Roozbeh et al, 2021)16 Sofosbuvir/daclatasvir plus 

hydroxychloroquine, n = 27

Hydroxychloroquine alone, 

n=28

To evaluate the effectiveness 

and safety of adding 
sofosbuvir/daclatasvir to the 

routine protocol of COVID- 

19 outpatients.

Symptom alleviation by Day 7.

(Continued)
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Table 2 (Continued). 

Study Identifier Date and Author Intervention Comparator Primary Objective Primary Efficacy Endpoints

NA (Udwadia et al, 2021)15 Oral favipiravir plus standard 

supportive care, n=75

Supportive care alone, n=75 To assess the efficacy and 

safety of favipiravir in adults 
with mild-to-moderate 

coronavirus disease 2019 

(COVID-19).

Specified as a negative RT-PCR result 

for both oropharyngeal and 
nasopharyngeal swabs on day 28.

FMASU P14 / 2020 / 
NCT04349241

Dabbous et al, 2021)14 Favipiravir, n=50. Standard of care 9 

(hydroxychloroquine), n=50.

To evaluate the safety and 

efficacy of favipiravir in the 
treatment of COVID-19 mild- 

to-moderate cases.

Two successive negative COVID-19 

PCR analysis tests were 48–72 hours 
apart on day 14 and clinical 

improvement was measured by 

normal body temperature for 48 
hours on Day 14.

NA (Nourian et al, 2020)18 Sofosbuvir/ledipasvir 400/ 

90 mg daily for 10 days plus 

standard of care.n=40

The only standard of care: 

hydroxychloroquine (HCQ 

400 mg BD on the first day then 
200 mg BD for 7 days) plus 

atazanavir/ritonavir 300/100 mg 

daily for 7 days.n=42

To assess the efficacy and 

safety of sofosbuvir/ledipasvir 

in the treatment of patients 
with mild-to-moderate 

COVID-19

Clinical response and time to clinical 

response.Clinical response was 

defined as one order decline in 
disease category in the five-category 

ordinal scale. The categories are 

death, mechanical ventilation, non- 
invasive ventilation, oxygen mask or 

nasal cannula, and discharge.

Abbreviations: NA, not available; n, number of subjects; mg, milligram; CI; Confidence Interval; HR, Hazard Ratio; BD, twice a da.
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importance of treatment, deaths are uncommon, and large sample sizes are needed for evaluation, which may be 
unfeasible.

As this study focused on non-hospitalized patients, most of the included Phase III randomized clinical trials for 
COVID-19 treatment used multiple endpoints. The most common primary endpoint was COVID-19-related hospitaliza-
tions and deaths for at least 28 days. Therefore, it is essential to discuss and agree on acceptable endpoints. Ideally, the 
primary endpoint should be clinically meaningful (ie capturing patient condition and survival). In addition, they must be 
measurable and sufficiently sensitive to allow for realistic sample sizes. Despite the ease with which relevant clinical 
outcomes of COVID-19 can be examined and made available within days or weeks, the therapeutic benefits that manifest 
early but disappear later may not be clinically significant. Additionally, a later treatment effect may go unnoticed because 
of the early examination. For a novel disease with significant heterogeneity, the endpoint timeframe or timing of 
evaluation is critical. Although there are clinically significant endpoints, their utilization can be difficult due to social 
factors and practicalities. For instance, some endpoints may lose their significance when the number of patients exceeds 
a hospital’s capacity.22

Improving the Use of Hospitalization as a Primary Endpoint in COVID-19 Trials
Depending on the primary objective of the study, the proportion of patients who were not hospitalized at a predetermined 
time point and the rate of progression to severe disease may be appropriate for outpatients with mild COVID-19. 
Therefore, the inclusion of objective criteria for illness progression in the definition of endpoints may be justified. 
However, endpoints such as hospitalization rate may not be sufficiently objective for acceptance. When states are 
influenced by external elements such as center and hospital resources, reproducibility and meaningfulness may be 
distorted. For instance, this can occur if the number of patients exceeds a hospital’s capacity. Additionally, the outcomes 
of multicenter trials may be affected by regional variations in standards of care (including different guideline recom-
mendations). Ideally, clinical studies should follow uniform protocols; however, dogmatic limits can reduce enrolment.23 

Assessing the need for oxygen therapy (a more precise COVID-19 metric) can account for regional variations in practice 
and situations where patients would typically be hospitalized but not due to a shortage of hospital space. However, 
evaluating daily SpO2/FiO2 until discharge, death, or 28 days is an effective indicator of reproducibility.

The inability to capture multiple disease states is another limitation of hospitalization. Patient-reported results, which 
capture aspects important to patients, can address this issue.23 Additionally, the use of hospitalization to estimate the 
treatment effect could be confounded by events that occur after initiation of treatment, such as the use of alternative 
medications or discontinuation of the assigned treatment. Such events have been termed intercurrent events. These events 
may have an impact on the measurements themselves or their interpretation.24 The crucial problems of concurrent events 
and summary measurements are addressed using an estimands framework, and with the help of these components, the 
treatment impact is correctly specified. A specific definition of the estimand enables a more transparent evaluation of 
whether the estimating method effectively answers the relevant clinical question.19

Strength and Limitations
The review article demonstrated several strengths in its approach. The comprehensive search strategy utilized reputable 
databases like MEDLINE and ClinicalTrials.gov, ensuring a thorough exploration of relevant literature, while focusing 
on Phase III RCTs prioritized high-quality evidence and enhanced the reliability of findings. Clear selection criteria based 
on PICO-D elements and adherence to PRISMA guidelines further contributed to methodological rigor. On the other 
hand, the article provided valuable insights into the advantages and pitfalls of using hospitalization as a primary endpoint 
in COVID-19 trials, this clear presentation facilitated understanding and evaluation of the arguments presented. 
Moreover, the relevance of the discussion to the latest COVID-19 pandemic underscored its importance to clinicians, 
researchers, and policymakers. Additionally, the inclusion of a discussion on the estimands framework added depth to the 
methodological considerations, highlighting the importance of specifying treatment effects in clinical trials.

However, the article also exhibited certain limitations. Language bias, stemming from the exclusion of non-English 
publications, might have led to the omission of valuable evidence published in other languages. Similarly, the focus on 
Phase III RCTs might have overlooked insights from earlier-phase trials or observational studies. The potential for 
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publication bias, as well as the absence of risk of bias assessment in included studies, could impact the robustness of the 
evidence synthesis. Lastly, the absence of external peer review might have impacted the validation and rigor of the 
analysis presented.

Conclusion
In a clinical development program of anti-SARS COV-2 monoclonal antibodies and antiviral treatment, the evaluation of 
the therapeutic efficacy in non-hospitalised patients with mild-to-moderate COVID-19, at high risk for progression to 
severe COVID-19 and choosing an appropriate primary endpoint is challenging. The most commonly used primary 
efficacy endpoint for Phase III was the “proportion of participants who experience COVID-19-related hospitalisation or 
death within at least 28 days”. This measure can predict the extent of clinical benefit of COVID-19 treatment using either 
monoclonal antibodies or antiviral agents. However, hospitalisation has poor performance with different characteristics, 
such as dependence on resources. Therefore, variables that could affect this measure should be assessed by the 
investigator using specific criteria. In addition, these factors could affect the endpoint through reproducibility and the 
ability to capture multiple clinical states. Several ideas for minimising these issues have been discussed based on recent 
evidence. In conclusion, regardless of the primary endpoint selected, collecting fundamental outcome measures will 
ensure comparability between studies and will be crucial for later attempts to synthesise data from various trials.
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