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The COVID-19 pandemic has stressed hospitals worldwide [1].
Thus, most randomized trials have focused on hospitalized pa-
tients, and their primary outcomes have frequently included me-
chanical ventilation and death. It is only until recently that
treatments for ambulatory patients (remdesivir, molnupiravir, and
nirmatrelvir) have been included by the Infectious Diseases Society
of America in their COVID-19 guidelines [2]. The randomized trials
behind these drugs have a composite of hospitalization and death
as their main outcome [3e5]. However, hospitalization and death
are challenging outcomes in resource limited settings. The choice of
outcome in ambulatory trials was discussed early during the
pandemic by the WHO Working Group on the Clinical Character-
ization and Management of COVID-19 infection, who recom-
mended (in addition to hospitalization and death) including a form
of clinical assessment and frequent follow-up to better determine
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the extent of a treatment's effect on COVID-19 [6]. For these out-
comes to be meaningful, hospitalization requires hospital space
and resources and death requires a high mortality [7]. Let us
analyse these trials to illustrate the problem.
Early Remdesivir to Prevent Progression to Severe Covid-19 in
Outpatients (PINETREE), Molnupiravir for Oral Treatment of
Covid-19 in Nonhospitalized Patients (MOVe-OUT), and
Evaluation of Protease Inhibition for COVID-19 in High-Risk
Patients (EPIC-HR) trials

The PINETREE trial evaluated the use of remdesivir in ambula-
tory patients with a high risk of developing severe COVID-19 [5].
While studies evaluating remdesivir in hospitalized patients have
not demonstrated to consistently improve clinical outcomes,
PINETREE showed a decreased hazard of hospitalization or death
(its composite primary outcome) among those who received
remdesivir (0.7% vs. 5.3%, favouring remdesivir) [5,8]. The MOVe-
OUT study evaluated molnupiravir, an oral antiviral, among peo-
ple with early COVID-19 with one or more risk factors for severe
COVID-19 [4]. It also found a lower risk of the composite COVID-19
related hospitalization or death in the molnupiravir group (6.3% vs.
9.2%, favouring molnupiravir). Finally, the EPIC-HR trial evaluated
oral nirmatrelvir among non-hospitalized unvaccinated adults with
COVID-19 at high risk for disease progression [3]. It too found a
lower risk of developing the composite outcome of hospitalization
and death in the nirmatrelvir group (0.77% vs. 7.01%, favouring
nirmatrelvir). These results generated the current recommenda-
tions included in the Infectious Disease Society of America guide-
lines [2].

As stated previously, hospitalization capacity is a variable
resource during a pandemic [9]. If hospital strain occurs, patients
lose healthcare access, and with it, the possibility of being hospi-
talized. Even when a composite outcome of hospitalization and
death can account for this, the mentioned trials had extremely low
mortality (of note, the PINETREE study had no deaths), which
prevented death from adding meaningful information. Therefore,
the outcome is only driven by an event dependent on the avail-
ability of hospital space. In the ambulatory trials, it is unknown if
ublished by Elsevier Ltd. All rights reserved.
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hospitalization was available for everybody or if people received
out-of-hospital care. Additionally, large variability within each trial
is possible given different sites could have different hospital ca-
pacity, hospital occupancy, and COVID-19 caseload could be
different according to the geographical area. While randomization
may help to reduce this bias, different recruitment rates at distinct
sites may still introduce variability.

Steps towards improvement

The rationale behind using hospitalization as an outcome is that
it represents a degree of disease progression that requires treat-
ment in a hospital. To better estimate the impact of the treatment
on disease progression, standard hospitalization criteria would
need to be defined for each trial, as a saturated hospital is more
likely to defer admission to someone that has slight hypoxemia, but
an empty hospital could opt to admit the same patient. For
example, the PINETREE trial had a considerable number of patients
living in assisted homes (15%), which could facilitate access to
supplementary oxygen or medical personnel, something that could
save the need for hospitalization. Thus, a patient could develop
mild hypoxemia but receive supplementary oxygen out of a hos-
pital, which would represent undocumented disease progression. A
treatment's effect on COVID-19 progression could be better esti-
mated by establishing criteria for need of medical assessment,
emergency department visits (similar to PINETREE), and doc-
umenting if a patient received treatment out of a hospital. Hyp-
oxemia (the most important reason for hospitalizing a person with
COVID-19) could be detected by participants at home with a pulse
oximeter, which could be established as a trigger to visit the
emergency department. This would require a short training in the
correct use of pulse oximeters and providing participants with a
device tested in that population [10]. In the rare case of illiteracy, a
color-coded device could be used. Additional alarming symptoms
(such as dyspnea and chest pain) should be set to prompt emer-
gency department visits.

Lack of applicability is a problem in trials other than the ones in
COVID-19. For example, equivalence between oral and intravenous
antimicrobial therapy for low-risk febrile neutropenia was shown
in an early landmark trial [11]. However, outpatient management of
febrile neutropenia may not be feasible due to socio-demographic
factors, such as the lack of a care-taker or long distance from a
hospital, compromising applicability in other contexts. Accordingly,
current guidelines include very strict criteria in which viability
must be assured [12]. Lack of applicability is particularly pressing in
the current pandemic. For example, in Mexico, there has been a
higher proportion of deaths out of hospitals when COVID-19 cases
increase [13]. During the same period, an increase in the demand
for oxygen tanks occurred, a demand that was unfortunately not
well met [13]. This highlights that hospitalization is not an outcome
that translates well in every context, and these factors should be
consideredwhen pondering thewide use of ambulatory treatments
in contexts where healthcare saturation is present or likely to occur.
Target trials, which are observational studies that emulate clinical
trials, could be particularly valuable given the trials were conducted
among unvaccinated individuals (a threat to applicability even in
high-income countries) [3e5]. Also, the emergence of new SARS-
CoV-2 variants could mean different treatment effectiveness,
which would pass unnoticed if it is not routinely evaluated [14]. As
an enormous number of antivirals would have to be obtained to
secure wide distribution and early treatment, these types of studies
can help lower- and middle-income countries obtain evidence on
meaningful outcomes to better inform policy [7,15].
Transparency declaration

The authors declare that they have no conflict of interest.
Author contributions

IN conceived the manuscript, performed the literature review,
and wrote the manuscript. SIVF and ASM aided in the literature
review and in writing the manuscript.
References

[1] Humanitarian crises in a global pandemic. Lancet 2020;396:447. https://
doi.org/10.1016/S0140-6736(20)31749-9.

[2] Bhimraj A, Morgan RL, Hirsch Shumaker A, Lavergne V, Baden L, Cheng V, et al.
IDSA guidelines on the treatment and management of patients with COVID-
19. Available at: https://www.idsociety.org/practice-guideline/covid-19-
guideline-treatment-and-management/; 2022. Accessed April 7, 2022.

[3] Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W,
et al. Oral nirmatrelvir for high-risk, nonhospitalised adults with COVID-19.
N Engl J Med 2022;386:1397e408. https://doi.org/10.1056/NEJMoa2118542.

[4] Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gonzalez A,
Reyes VD, et al. Molnupiravir for oral treatment of COVID-19 in non-
hospitalised patients. N Engl J Med 2022;386:509e20. https://doi.org/
10.1056/NEJMoa2116044.

[5] Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb BJ, Perez G, et al. Early
remdesivir to prevent progression to severe COVID-19 in outpatients. N Engl J
Med 2022;386:305e15. https://doi.org/10.1056/NEJMoa2116846.

[6] WHO Working Group on the Clinical Characterisation and Management of
COVID-19 infection. A minimal common outcome measure set for COVID-19
clinical research. Lancet Infect Dis 2020;20:e192e7. https://doi.org/10.1016/
S1473-3099(20)30483-7.

[7] Phillips D, Collyns D, Jones S. Hospitals in Latin America buckling under
coronavirus strain. The Guardian; 2020. Available at: https://www.
theguardian.com/world/2020/may/20/hospitals-in-latin-america-buckling-
amid-coronavirus-strain. Accessed April 7, 2022.

[8] Nú~nez I, Soto-Mota A. Assessing the evidence on remdesivir. Lancet Infect Dis
2021;21:1630. https://doi.org/10.1016/S1473-3099(21)00693-9.

[9] Rossman H, Meir T, Somer J, Shilo S, Gutman R, Ben Arie A, et al. Hospital load
and increased COVID-19 related mortality in Israel. Nat Commun 2021;12:
1904. https://doi.org/10.1038/s41467-021-22214-z.

[10] Luks AM, Swenson ER. Pulse oximetry for monitoring patients with COVID-19
at home. Potential pitfalls and practical guidance. Ann Am Thorac Soc
2020;17:1040e6. https://doi.org/10.1513/AnnalsATS.202005-418FR.

[11] Kern WV, Cometta A, De Bock R, Langenaeken J, Paesmans M, Gaya H. Oral
versus intravenous empirical antimicrobial therapy for fever in patients with
granulocytopenia who are receiving cancer chemotherapy. International
Antimicrobial Therapy Cooperative Group of the European Organization for
Research and Treatment of Cancer. N Eng J Med 1999;341:312e8. https://
doi.org/10.1056/NEJM199907293410502.

[12] Taplitz RA, Kennedy EB, Bow EJ, Crews J, Gleason C, Hawley DK, et al.
Outpatient management of fever and neutropenia in adults treated for ma-
lignancy: American society of clinical oncology and infectious diseases society
of America clinical practice guideline update. J Clin Oncol 2018;36:1443e53.
https://doi.org/10.1200/JCO.2017.77.6211.

[13] Aguilar S, Arizpe M. Las causas y los lugares de muerte durante la pandemia
en la CDMX. NEXOS, Taller de datos. Available at: https://datos.nexos.com.mx/
las-causas-y-los-lugares-de-muerte-durante-la-pandemia-en-la-cdmx/;
2021. Accessed April 20, 2022.

[14] Takashita E, Kinoshita N, Yamayoshi S, Sakai-Tagawa Y, Fujisaki S, Ito M, et al.
Efficacy of antiviral agents against the SARS-CoV-2 Omicron subvariant BA.2.
N Eng J Med 2022;386:1475e7. https://doi.org/10.1056/NEJMc2201933.

[15] Hern�an MA. Methods of public health research d strengthening causal
inference from observational data. N Eng J Med 2021;385:1345e8. https://
doi.org/10.1056/NEJMp2113319.

https://doi.org/10.1016/S0140-6736(20)31749-9
https://doi.org/10.1016/S0140-6736(20)31749-9
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1056/NEJMoa2116044
https://doi.org/10.1056/NEJMoa2116044
https://doi.org/10.1056/NEJMoa2116846
https://doi.org/10.1016/S1473-3099(20)30483-7
https://doi.org/10.1016/S1473-3099(20)30483-7
https://www.theguardian.com/world/2020/may/20/hospitals-in-latin-america-buckling-amid-coronavirus-strain
https://www.theguardian.com/world/2020/may/20/hospitals-in-latin-america-buckling-amid-coronavirus-strain
https://www.theguardian.com/world/2020/may/20/hospitals-in-latin-america-buckling-amid-coronavirus-strain
https://doi.org/10.1016/S1473-3099(21)00693-9
https://doi.org/10.1038/s41467-021-22214-z
https://doi.org/10.1513/AnnalsATS.202005-418FR
https://doi.org/10.1056/NEJM199907293410502
https://doi.org/10.1056/NEJM199907293410502
https://doi.org/10.1200/JCO.2017.77.6211
https://datos.nexos.com.mx/las-causas-y-los-lugares-de-muerte-durante-la-pandemia-en-la-cdmx/
https://datos.nexos.com.mx/las-causas-y-los-lugares-de-muerte-durante-la-pandemia-en-la-cdmx/
https://doi.org/10.1056/NEJMc2201933
https://doi.org/10.1056/NEJMp2113319
https://doi.org/10.1056/NEJMp2113319

	Hospitalization as an outcome in ambulatory COVID-19 trials—not applicable in every setting
	Early Remdesivir to Prevent Progression to Severe Covid-19 in Outpatients (PINETREE), Molnupiravir for Oral Treatment of Co ...
	Steps towards improvement
	Transparency declaration
	Author contributions
	References


