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Background. The coronavirus disease 2019 (COVID-19) pandemic era saw numerous treatments authorized for emergency use
by the United States (US) Food and Drug Administration (FDA). The purpose of the review was to determine if convalescent
plasma, antivirals, or monoclonal antibodies are associated with serious adverse events (SAEs) and, if so, which specific
populations are at risk.

Methods. PubMed, ClinicalTrials.gov, and the FDA submission database were searched through December 2023, and the
Infectious Diseases Society of America guidelines, international COVID Network Meta-analysis database, and systematic
reviews were reference mined to identify controlled studies with at least 1 US site. Reviewers abstracted study characteristics,
number of patients experiencing each type of SAE, and methods of adverse event collection and reporting.

Results.  Fifty-four studies met inclusion criteria, including 31 randomized controlled trials. We found insufficient evidence of
association of any SAE with antivirals and spike protein receptor-binding antibodies. In patients hospitalized with COVID-19, the
monoclonal antibody tocilizumab, an interleukin 6 inhibitor, may be associated with elevated risk of neutropenia (moderate
certainty) and infection (limited certainty). Convalescent plasma may be associated with thrombotic events (limited certainty)
as well as bleeding events and infection in patients with hematologic cancers (moderate certainty). Inclusion of studies without

a US site could potentially change the findings.
Conclusions.

Severe COVID-19 infection may have serious consequences, especially in hospitalized patients with

comorbidities. These consequences may be confused with toxicities of the interventions. Based on our analysis, approved
treatments for COVID-19 should be prescribed as clinically indicated, although continued vigilance is warranted to identify rare
and potentially significant toxicities that may arise in clinical practice.
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The coronavirus disease 2019 (COVID-19) pandemic era
saw numerous treatments authorized for emergency use by
the United States (US) Food and Drug Administration
(FDA). The objective of this expedited review was to assess po-
tential serious harms associated with COVID-19 treatments.
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The review was requested by the Health Resources and
Services Administration (HRSA) Countermeasures Injury
Compensation Program (CICP) to aid in developing a
Countermeasures Injury Table, guiding benefits eligibility de-
terminations for covered injuries or deaths. Commissioned
by the Agency for Healthcare Research and Quality (AHRQ)
and executed by an evidence-based practice center, the review
employed abbreviated methods to assess evidence regarding
treatments specified by HRSA: antivirals (remdesivir, nirma-
trelvir and ritonavir in combination, and molnupiravir), mono-
clonal antibodies (bamlanivimab and etesevimab in
combination, bebtelovimab, casirivimab and imdevimab in
combination, sotrovimab, tixagevimab and cilgavimab in com-

bination, and tocilizumab), and convalescent plasma.

METHODS

In December 2023, we searched PubMed, ClinicalTrials.gov,
and the FDA submission database from January 2020 onward
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and the Cochrane Database of Systematic Reviews from
January 2022 onward. We reference mined the Infectious
Diseases Society of America guidelines, the international
COVID Network Meta-Analysis database, and systematic
reviews from 2022 and 2023. Full search terms are available
in Supplementary Table 1.

We characterized serious adverse events (SAEs) using the
definition of “serious injury” by US statute 42 Code of
Federal Regulations 110.3(z): “Physical biochemical alterations
leading to physical changes and serious functional abnormali-
ties at the cellular or tissue level in any bodily function may,
in certain circumstances, be considered serious injuries. As a
general matter, only injuries that warranted hospitalization
(whether or not the person was actually hospitalized) or inju-
ries that led to a significant loss of function or disability (wheth-
er or not hospitalization was warranted) will be considered
serious injuries” [1].

Eligible studies were required to have a placebo, untreated,
or usual care comparison group. Having a comparison group
that did not receive the intervention provides important infor-
mation about the background rate of adverse events (AEs) in its
absence. Numerous serious medical problems occur in patients
hospitalized with COVID-19, given patients’ advanced age,
multiple preexisting medical conditions, and the natural sequa-
lae of COVID-19 infection. This rate is essential for
understanding what would be expected to occur naturally in
the absence of any intervention. Thus, no case reports,
case series, or uncontrolled surveillance studies were included.
Head-to-head comparisons of medications were also excluded.

Per HRSA, the review was limited to studies that included at
least 1 US site or territory where populations are permitted to
submit a CICP claim.

Most studies used the Common Terminology Criteria for
Adverse Events levels to classify AEs. The severity categories
range from 1 to 5; we abstracted those at level 3, defined as “se-
vere or medically significant but not immediately life-
threatening; hospitalization or prolongation of hospitalization
indicated; disabling” or higher. Researchers abstracted exact
events as stated except pulmonary embolism and deep vein
thrombosis, which were grouped as thrombotic events, and ar-
terial or venous bleeding, grouped as bleeding events; we
grouped all serious infections including sepsis, per prior work
conducted for AHRQ [2]. For applicability, we abstracted
data for the dosage authorized by the FDA when available.
AE data were converted to rates for intervention and compar-
ison groups; rates were used to compute risk ratios (RRs) to es-
timate effects. The Haldane-Anscombe correction was used to
calculate RRs when there were zero events in 1 arm [3].
Reviewers worked individually; data were checked by the pro-
ject leader.

We assessed risk of bias with respect to AEs using 2 domains:
whether collection was passive (ie, whether outpatients

contacted researchers if they experienced an event rather
than the researchers actively contacting each patient and asking
about a predetermined list of events); and whether the authors
reported the proportion of patients experiencing each event
(eg, rather than the total number of events because a patient
could experience an event more than once, in which case the
proportion of patients would lead to an underestimate of the
number of events). As our project did not assess efficacy or
comparative effectiveness of COVID-19 treatments, we did
not include items that measure bias affecting efficacy or effec-
tiveness outcomes, per prior AHRQ projects focused on inter-
vention harms [4].

We summarized the RRs for each intervention and each
event. Where possible, we summarized RRs for specific popu-
lations such as those hospitalized with specific COVID-19
symptoms, pregnant women, and those with preexisting med-
ical conditions. Meta-analysis was not considered appropriate
given the small number of trials reporting rare events; instead,
we estimated effect sizes for each individual study.

We used a tool specific to adverse effects of vaccines to assess
certainty of evidence [5] and differentiated the following levels:

« High: 2 or more studies with negligible methodological lim-
itations that are consistent in terms of the direction of the ef-
fect provide high confidence.

o Moderate: 1 study with negligible methodological limita-
tions, or a collection of studies generally consistent in terms
of the direction of the effect, that provides moderate
confidence.

o Limited: 1 study or a collection of studies lacking precision or
consistency that provides limited, or low, confidence.

« Insufficient: No epidemiologic studies of sufficient quality.

RESULTS

After full text review of 320 publicly available documents, 54
studies published in 66 publications met eligibility criteria [6—
71]. A literature flow diagram is available in Supplementary
Figure 1. The primary reasons for exclusion were lack of US
study locations (n =70) and lack of reporting of AEs in studies
of efficacy or effectiveness (n=33). The number of included
studies per intervention ranged from 1 (tixagevimab and cilgavi-
mab) to 15 (convalescent plasma).

Thirty-one randomized controlled trials and 23 controlled
observational studies met inclusion criteria. Fifteen studies
compared an intervention to no treatment, 26 were placebo-
controlled trials, and 12 studies compared an intervention to
usual care. One observational study compared patients who re-
ceived hydroxychloroquine with a group who received hydrox-
ychloroquine plus tocilizumab [28]. Interventions were
administered in an outpatient setting in 23 studies; the remain-
der involved patients hospitalized with COVID-19.
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It was uncommon for studies to report the exact timing of
AEs; researchers usually provided a table listing all SAEs that
occurred within a specific number of days from administration.
Most clinical trials, via ClinicalTrials.gov, provided a table that
used MedDRA (Medical Dictionary for Regulatory Activities
definitions) [72] terms for AEs and standard definitions of se-
verity according to the Common Terminology Criteria for
Adverse Events [73].

As displayed in the results tables, most studies (n = 37) had low
overall risk of bias regarding the collection and reporting of AEs.
Because manufacturers sought Emergency Use Authorization
from the FDA, clinical trials carefully monitored and reported
AEs, adhering to expected standards. Twelve studies were rated
as moderate or unclear risk of bias; most were observational stud-
ies with unclear timing or data collection procedures. These were
primarily conducted in hospitals where patients presumably were
monitored regularly, but we did not make assumptions when this
was not stated and classified AE collection in these cases as un-
clear. Five observational studies had high risk of bias; they focused
on efficacy or effectiveness and included only a statement that
certain AEs (eg, transfusion-related acute lung injury and
transfusion-associated circulatory overload) did not occur.
Below we discuss findings of statistical and clinical significance.

Insufficient evidence was found to establish an association
between any antiviral treatment for COVID-19 (remdesivir,
nirmatrelvir and ritonavir combination, and molnupiravir)
and any SAE. There were no statistically significant differences
between medication and comparison group for any SAE in any
study. Detailed data are provided in Supplementary Tables 2-4.

Similarly, there was insufficient evidence of association be-
tween severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) spike protein receptor-binding antibodies
(bamlanivimab/etesevimab, bebtelovimab, sotrovimab, casiri-
vimab/imdevimab, tixagevimab/cilgavimab) and any SAE.
Notably, the few statistically significant differences observed
all favored a reduced risk for patients receiving antibody treat-
ment. Information is presented in Supplementary Tables 5-9.

As displayed in Table 1, 4 controlled trials [17, 51, 52, 58] and
8 observational studies [10, 20, 23, 25, 28, 29, 47, 50] of tocili-
zumab reported SAEs. All studies involved hospitalized pa-
tients; reporting periods ranged from 5 to 90 days. Risk of
bias was low in 5 studies; the rest had a moderate or unclear
risk of bias.

In 1 trial with low risk of bias [29], a significantly increased
risk of infection in critically ill patients was observed (RR, 1.72
[95% confidence interval {CI}, 1.04-2.83]). Another large ran-
domized controlled trial with low risk of bias administered to-
cilizumab after COVID-19 patients started organ support in
the intensive care unit [17]. Patients on extracorporeal mem-
brane oxygenation (ECMO) or intravenous infusion of a vaso-
pressor or inotrope for cardiovascular support were included.
Other studies included patients on ECMO but did not stratify

AE results for that group. Within 90 days, the risk of infection
was elevated (RR, 3.42 [95% CI, 0.14-83.57]) but not statisti-
cally significant based on only 1 of 353 intervention patients
and none of 402 usual care patients experiencing infection.
Tocilizumab patients had significantly reduced risk in 1 study
[58], while 8 other studies had statistically insignificant results
in conflicting directions. Certainty of evidence for the associa-
tion of tocilizumab with serious infection was rated as limited.

Patients on tocilizumab demonstrated a significantly higher
risk of neutropenia (RR, 11.20 [95% CI, 1.54-81.67]) within
28 days in 1 low-bias trial involving 243 patients [58]; 1 tocilizu-
mab patient experienced grade 4 neutropenia (severe, absolute
neutrophil count [ANC] <500 cells/pL, very high risk of life-
threatening infection) and 21 experienced grade 3 neutropenia
(moderate, ANC 500-999 cells/uL). Only 1 placebo patient
had neutropenia (grade 3). A trial exclusively focused on patients
with COVID-19-related pneumonia [51] reported neutropenia
occurring in 4 of 295 patients in the tocilizumab arm, with no
occurrences in the placebo arm within 60 days of administration.
Although not statistically significant (RR, 4.38 [95% CI, .24-
80.77]), investigators noted this potential risk in the submission
for FDA approval. A small observational study reported no cases
[23]. Certainty of evidence for the association of tocilizumab
with neutropenia was rated as moderate.

We identified 15 controlled studies of convalescent plasma
reporting SAEs [6, 7, 9, 11, 13, 24, 30, 33, 36, 39, 40, 53, 55,
60, 62] with timing ranging from 14 to 90 days (Table 2).
Regarding AE collection and reporting, 9 had low risk of
bias, 3 had moderate/unclear risk of bias, and 3 had high risk
of bias. One trial reported no significant difference in the risk
for all-cause mortality but did not report specific AEs [9].
Only 1 study reported significantly increased risk of SAEs;
this study of hematological cancer patients with moderate/un-
clear risk of bias [62] showed increased risk of bleeding (RR,
1.96 [95% CI, 1.14-3.36]) and infection (RR, 1.79 [95% CI,
1.41-2.26]). Certainty of evidence was rated as moderate that
the administration of convalescent plasma specifically to pa-
tients with hematologic cancers is associated with an elevated
risk of serious bleeding events and infection. In the same study,
congestive heart failure was diagnosed in 10 of the 143 patients
who received plasma and <5 of the 143 matched patients who
received usual care; unfortunately, the RR was not calculable
because the authors did not report patient numbers when <5
patients experienced an AE. Certainty of evidence was rated
as limited due to lack of reporting of the exact number of pa-
tients experiencing the event in the comparison group.

Two studies reported cerebrovascular accident cases in the
intervention group but not the control group [36, 40]; risk
was elevated 2- to 5-fold but was not statistically significant.
Another trial reported decreased risk that was not statistically
significant [7]. Risk of bias was low in these trials. Certainty
of evidence for cerebrovascular accident is insufficient due to
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ack of statistical significance, extremely wide CIs, and inconsis-
tent findings.

Seven studies of convalescent plasma reported serious
thrombotic events [6, 7, 30, 40, 55, 60, 62]; 5 of the these report-
ed elevated risk (1 almost 5-fold [60]), but results were not stat-
istically significant. Only 1 journal manuscript mentioned these
events; Thompson et al [62] reported that rates of venous
thrombosis (10.5% vs 8.4%) and arterial thrombotic events
(3.5% vs 3.5%) were comparable in patients receiving convales-
cent plasma and propensity-matched controls. The other
events were identified through online supplements, FDA fil-
ings, and ClinicalTrials.gov. Review of a supplement to another
journal article [30] identified a death in a convalescent plasma
patient with pulmonary embolism; this death was classified as
not related to the study intervention. The other studies provid-
ed little or no detail on type or consequence of the events.
Certainty of evidence is limited due to conflicting results,
lack of statistical significance, and wide Cls.

Two studies showed highly elevated but not statistically sig-
nificant risk of transfusion-associated circulatory overload
based on only 1 person experiencing it; a study of high-titer
plasma for severe COVID-19 [53] had high risk of bias, whereas
the PassItOn trial [55] had low risk of bias. Certainty of evi-
dence is insufficient due to risk of bias, lack of statistical signifi-
cance, and extremely wide Cls.

DISCUSSION

We identified few associations between pharmaceutical inter-
ventions authorized for emergency use to treat COVID-19
and SAEs. The associations found included an increased risk
of infection and serious bleeding events in 1 trial of patients
with hematologic cancers who received convalescent plasma.
Certainty of evidence was rated moderate. Both increased
risk of infection and bleeding events might be expected given
the patient population.

Although AEs previously reported as associated with convales-
cent plasma such as allergic reactions, transfusion-related acute
lung injury, and transfusion-associated circulatory overload
[74] were reported in controlled studies, there was insufficient ev-
idence of increased risk compared to placebo infusion. Evidence
of limited certainty from 7 studies suggested that convalescent
plasma may be associated with serious thrombotic events among
patients hospitalized for COVID-19, aligning with product label-
ing that identifies blood clotting as a potential AE.

We found no evidence of an association of SARS-CoV-2 an-
tiviral treatment with SAEs. This is consistent with a prior net-
work meta-analysis of antiviral agents for COVID-19 treatment
that found no increased risk of AEs when compared with pla-
cebo [75].

While infusion-related reactions ranging from mild to severe
are common among recipients of monoclonal antibodies [76],

we found insufficient evidence of elevated risk of these reac-
tions when compared with placebo infusions. The studies of
SARS-CoV-2 spike protein receptor-binding antibodies (bam-
lanivimab/etesevimab, bebtelovimab, sotrovimab, casirivimab/
imdevimab, tixagevimab/cilgavimab) showed no association
with any SAE. We identified evidence of moderate certainty
that tocilizumab, an interleukin 6 inhibitor, may be associated
with elevated risk of neutropenia, a previously described ad-
verse effect [77] noted on the product label. We also identified
evidence of limited certainty that tocilizumab may be associat-
ed with an increased risk of infection, as described previously in
patients with arthritis [78].

A serious limitation of this review is the inclusion require-
ment that studies have at least 1 US site. Inclusion of studies
conducted in other regions could potentially change or
strengthen the findings. The certainty of evidence for the find-
ings described above could increase if additional studies
showed elevated risk but could decrease if those studies showed
no elevated risk. Studies from other regions might also report
elevated risks for additional SAEs.

Due to the abbreviated timeline, we worked with published
reviews and searched PubMed to identify studies, supplement-
ed by trial registry searches and FDA submission. While it is
not impossible that we missed studies, we believe that selection
bias was avoided (no studies missed) given that Emergency Use
Authorization for COVID-19 treatment required study sub-
mission to the FDA for review.

Most studies focused on efficacy of the intervention; many
journal articles did not report AEs classified as serious if there
was no significant difference with the control group rate. We
identified these events through supplements, FDA filings, and
ClinicalTrials.gov. Future manuscripts on COVID-19 treat-
ments should report all SAEs, regardless of statistical
significance.

Another limitation is that although most studies included
patients with various conditions such as chronic obstructive
pulmonary disease, obesity, cardiovascular disease, diabetes,
chronic kidney disease, and cancer, few were limited to patients
with a specific preexisting condition or reported AE data strat-
ified by specific preexisting conditions. No studies reported
AEs for specific age groups such as adolescents or older adults.

We limited to studies with a control group to detect elevated
rates of events. Such studies are crucial in determining the true
association of a side effect with the intervention being studied.
Excluded uncontrolled studies may provide signals that should
be investigated further, but controlled studies help establish
whether observed AEs are directly caused by the treatment rath-
er than being manifestations of the disease process, thus provid-
ing more accurate and reliable information for clinical
decision-making. For example, a 2021 analysis of AE reports
submitted to the FDA Adverse Event Reporting System found
that bradycardia and cardiac arrest had disproportionately
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higher reporting with remdesivir as a suspect drug compared
with other medications [79]. The authors suggested reevaluation
for possible drug-labeling changes. In contrast, we found no
SAEs associated with remdesivir. By comparing an intervention
against either a placebo or an alternative treatment, researchers
can isolate the effects of the intervention from those that might
naturally occur due to the underlying disease itself.

In sum, no associations between FDA-authorized COVID-19
treatments and increased risk of SAEs had high-certainty evi-
dence. The lack of statistically significant association of most
SAEs with treatments for COVID-19, when compared with no
treatment, placebo, or usual care, suggests that adverse outcomes
may be the result of COVID-19 itself. Severe COVID-19 infec-
tion may have serious consequences, especially in hospitalized
patients with comorbidities [80].

These consequences may be confused with toxicities of the
interventions. Based on our analysis, approved treatments for
COVID-19 should be prescribed as clinically indicated, al-
though continued vigilance is warranted to identify rare and
potentially significant toxicities that may arise in clinical
practice.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.

Notes

Author contributions. Study conception and design: M. A. M. and
S. H. Secured funding: S. H. and M. A. M. Data collection: M. A. M.,
P.K. W, L F, R L, D. T, and K. S. Data analysis: M. A. M., J. D. K,,
and S. H. Statistical analysis: N. F. Searches: S. Y. Drafting of the manu-
script: M. A. M., S. H,, J. D. K,, and A. M.

Disclaimer. The authors of this document are responsible for its content.
The content does not necessarily represent the official views of or imply en-
dorsement by the Agency for Healthcare Research and Quality.

Financial support. This work was supported by the Agency for
Healthcare Research and Quality, US Department of Health and Human
Services (contract number 75Q80120D00009/75Q80123F32005).

Potential conflicts of interest. All authors: No reported conflicts.

References

1. US Department of Health and Human Services. Countermeasures Injury
Compensation Program (CICP): administrative implementation. Final Rule Fed
Regist 2011; 76:62306-7.

2. Gidengil C, Goetz MB, Maglione M, et al. Safety of vaccines used for routine im-
munization in the United States: an update. Rockville, MD: Agency for Healthcare
Research and Quality, 2021.

3. Weber F, Knapp G, Ickstadt K, Kundt G, Glass A. Zero-cell corrections in
random-effects meta-analyses. Res Synth Methods 2020; 11:913-9.

4. Gidengil C, Goetz MB, Newberry S, et al. Safety of vaccines used for routine im-
munization in the United States: an updated systematic review and meta-analysis.
Vaccine 2021; 39:3696-716.

5. Institute of Medicine. Adverse effects of vaccines: evidence and causality.
Washington, DC: National Academies Press, 2012.

6. Bar KJ, Shaw PA, Choi GH, et al. A randomized controlled study of convalescent
plasma for individuals hospitalized with COVID-19 pneumonia. J Clin Invest
2021; 131:e155114.

13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Bégin P, Callum J, Jamula E, et al. Convalescent plasma for hospitalized patients

with COVID-19: an open-label, randomized controlled trial. Nat Med 2021; 27:
2012-24.

. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of

Covid-19. Final report. N Engl ] Med 2020; 383:1813-26.

. Bennett-Guerrero E, Romeiser JL, Talbot LR, et al. Severe acute respiratory syn-

drome coronavirus 2 convalescent plasma versus standard plasma in coronavirus
disease 2019 infected hospitalized patients in New York: a double-blind random-
ized trial. Crit Care Med 2021; 49:1015-25.

. Biran N, Ip A, Ahn J, et al. Tocilizumab among patients with COVID-19 in the

intensive care unit: a multicentre observational study. Lancet Rheumatol 2020;
2:e603-12.

. Briggs N, Gormally MV, Li F, et al. Early but not late convalescent plasma is as-

sociated with better survival in moderate-to-severe COVID-19. PLoS One 2021;
16:€0254453.

. Caraco Y, Crofoot Gordon E, Moncada Pablo A, et al. Phase 2/3 trial of molnu-

piravir for treatment of Covid-19 in nonhospitalized adults. NEJM Evid 2022; 1:
EVID0a2100043.

Chauhan L, Pattee ], Ford J, et al. A multicenter, prospective, observational,
cohort-controlled study of clinical outcomes following coronavirus disease
2019 (COVID-19) convalescent plasma therapy in hospitalized patients with
COVID-19. Clin Infect Dis 2022; 75:e466-72.

. Dougan M, Nirula A, Azizad M, et al. Bamlanivimab plus etesevimab in mild or

moderate Covid-19. N Engl ] Med 2021; 385:1382-92.

. Fischer W, Eron JJ, Holman W, et al. Molnupiravir, an oral antiviral treatment for

COVID-19. medRxiv [Preprint]. Posted online 17 June 2021. doi:https://doi.org/
10.1101/2021.06.17.21258639.

. Fischer WA 2nd, Eron JJ Jr, Holman W, et al. A phase 2a clinical trial of molnu-

piravir in patients with COVID-19 shows accelerated SARS-CoV-2 RNA clear-
ance and elimination of infectious virus. Sci Transl Med 2022; 14:eabl7430.

. Gordon AC, Mouncey PR, Al-Beidh F, et al. Interleukin-6 receptor antagonists in

critically ill patients with Covid-19. N Engl ] Med 2021; 384:1491-502.

. Gottlieb RL, Nirula A, Chen P, et al. Effect of bamlanivimab as monotherapy or in

combination with etesevimab on viral load in patients with mild to moderate
COVID-19: a randomized clinical trial. JAMA 2021; 325:632-44.

. Gupta A, Gonzalez-Rojas Y, Juarez E, et al. Early treatment for Covid-19 with

SARS-CoV-2 neutralizing antibody sotrovimab. N Engl ] Med 2021; 385:1941-50.
Gupta S, Wang W, Hayek SS, et al. Association between early treatment with to-
cilizumab and mortality among critically ill patients with COVID-19. JAMA
Intern Med 2021; 181:41-51.

Hedvat ], Lange NW, Salerno DM, et al. COVID-19 therapeutics and outcomes
among solid organ transplant recipients during the Omicron BA.I era. Am ]
Transplant 2022; 22:2682-8.

Henry Ford Health System. Convalescent plasma for patients with COVID-19.
Available at: https:/classic.clinicaltrials.gov/ct2/show/NCT04385199. Accessed
9 August 2023.

Hill JA, Menon MP, Dhanireddy S, et al. Tocilizumab in hospitalized patients with
COVID-19: clinical outcomes, inflammatory marker kinetics, and safety. ] Med
Virol 2021; 93:2270-80.

Hsue P. Effects of COVID-19 convalescent plasma (CCP) on coronavirus-associ-
ated complications in hospitalized patients (CAPRI). 2021. Available at https://
clinicaltrials.gov/study/NCT04421404. Accessed September 2023.

Huang E, Isonaka S, Yang H, Salce E, Rosales E, Jordan SC. Tocilizumab treat-
ment in critically ill patients with COVID-19: a retrospective observational study.
Int J Infect Dis 2021; 105:245-51.

Ip A, Berry DA, Hansen E, et al. Hydroxychloroquine and tocilizumab therapy in
COVID-19 patients—an observational study. PLoS One 2020; 15:¢0237693.
Kalligeros M, Tashima KT, Mylona EK, et al. Remdesivir use compared with sup-
portive care in hospitalized patients with severe COVID-19: a single-center expe-
rience. Open Forum Infect Dis 2020; 7:0faa319.

Kewan T, Covut F, Al-Jaghbeer MJ, Rose L, Gopalakrishna KV, Akbik B.
Tocilizumab for treatment of patients with severe COVID-19: a retrospective co-
hort study. EClinicalMedicine 2020; 24:100418.

Kimmig LM, Wu D, Gold M, et al. IL-6 Inhibition in critically ill COVID-19 pa-
tients is associated with increased secondary infections. Front Med (Lausanne)
2020; 7:583897.

Korley FK, Durkalski-Mauldin V, Yeatts SD, et al. Early convalescent plasma for
high-risk outpatients with Covid-19. N Engl ] Med 2021; 385:1951-60.

Levey NH, Forrest AD, Spielman DW, Easley KA, Dude CM, Badell ML.
Outcomes of pregnant patients treated with REGEN-COV during the
COVID-19 pandemic. Am J Obstet Gynecol MFM 2022; 4:100673.

Levin MJ, Ustianowski A, De Wit S, et al. Intramuscular AZD7442 (tixagevimab-
cilgavimab) for prevention of Covid-19. N Engl ] Med 2022; 386:2188-200.

10 « OFID « Maglione et al


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf097#supplementary-data
https://doi.org/10.1101/2021.06.17.21258639
https://doi.org/10.1101/2021.06.17.21258639
https://classic.clinicaltrials.gov/ct2/show/NCT04385199
https://clinicaltrials.gov/study/NCT04421404
https://clinicaltrials.gov/study/NCT04421404

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Liu STH, Lin HM, Baine I, et al. Convalescent plasma treatment of severe
COVID-19: a propensity score-matched control study. Nat Med 2020; 26:
1708-13.

Lundgren JD, Grund B, Barkauskas CE, et al. A neutralizing monoclonal antibody
for hospitalized patients with Covid-19. N Engl ] Med 2021; 384:905-14.
McCreary EK, Bariola JR, Wadas R], et al. Association of subcutaneous or intra-
venous administration of casirivimab and imdevimab monoclonal antibodies
with clinical outcomes in adults with COVID-19. JAMA Netw Open 2022; 5:
€226920.

Misset B, Piagnerelli M, Hoste E, et al. Convalescent plasma for Covid-19-in-
duced ARDS in mechanically ventilated patients. N Engl ] Med 2023; 389:
1590-600.

Nasrallah S, Nguyen AQ, Hitchings L, et al. Pharmacological treatment in preg-
nant women with moderate symptoms of coronavirus disease 2019
(COVID-19) pneumonia. ] Matern Fetal Neonatal Med 2022; 35:5970-7.
O’Brien MP, Forleo-Neto E, Musser BJ, et al. Subcutaneous REGEN-COV anti-
body combination to prevent Covid-19. N Engl ] Med 2021; 385:1184-95.
O’Donnell MR, Grinsztejn B, Cummings M]J, et al. A randomized double-blind
controlled trial of convalescent plasma in adults with severe COVID-19. J Clin
Invest 2021; 131:e150646.

Ortigoza MB, Yoon H, Goldfeld KS, et al. Efficacy and safety of COVID-19 con-
valescent plasma in hospitalized patients: a randomized clinical trial. JAMA
Intern Med 2022; 182:115-26.

Painter WP, Holman W, Bush JA, et al. Human safety, tolerability, and pharma-
cokinetics of molnupiravir, a novel broad-spectrum oral antiviral agent with ac-
tivity against SARS-CoV-2. Antimicrob Agents Chemother 2021; 65:¢02428-20.
Pfizer Inc. Pfizer announces additional phase 2/3 study results confirming robust
efficacy of novel COVID-19 oral antiviral treatment candidate in reducing risk of
hospitalization or death. 2021. Available at: https:/www.pfizer.com/news/press-
release/press-release-detail/pfizer-announces-additional-phase-23-study-results.
Accessed 9 August 2023.

Pfizer Inc. Evaluation of protease inhibition for COVID-19 in standard-risk pa-
tients (EPIC-SR). 2021.

Piccicacco N, Zeitler K, Ing A, et al. Real-world effectiveness of early remdesivir
and sotrovimab in the highest-risk COVID-19 outpatients during the Omicron
surge. ] Antimicrob Chemother 2022; 77:2693-700.

Portal-Celhay C, Forleo-Neto E, Eagan W, et al. Phase 2 dose-ranging study of the
virologic efficacy and safety of the combination COVID-19 antibodies casirivi-
mab and imdevimab in the outpatient setting. medRxiv [Preprint]. Posted online
10 November 2021. doi:https://doi.org/10.1101/2021.11.09.21265912.

Radcliffe C, Palacios CF, Azar MM, Cohen E, Malinis M. Real-world experience
with available, outpatient COVID-19 therapies in solid organ transplant recipi-
ents during the Omicron surge. Am J Transplant 2022; 22:2458-63.

Rajendram P, Sacha GL, Mehkri O, et al. Tocilizumab in coronavirus disease
2019-related critical illness: a propensity matched analysis. Crit Care Explor
2021; 3:e0327.

Razonable RR, Pawlowski C, O’Horo JC, et al. Casirivimab-Imdevimab treatment
is associated with reduced rates of hospitalization among high-risk patients with
mild to moderate coronavirus disease-19. EClinicalMedicine 2021; 40:101102.
Regeneron Pharmaceuticals. COVID-19 study assessing the efficacy and safety of
anti-spike SARS CoV-2 monoclonal antibodies for prevention of SARS CoV-2 in-
fection asymptomatic in healthy adults and adolescents who are household con-
tacts to an individual with a positive SARS-CoV-2 RT-PCR assay. 2020. Available
at https://clinicaltrials.gov/study/NCT04452318. Accessed 10 October 2023.
Rojas-Marte G, Khalid M, Mukhtar O, et al. Outcomes in patients with severe
COVID-19 disease treated with tocilizumab: a case-controlled study. QJM
2020; 113:546-50.

Rosas 10, Briau N, Waters M, et al. Tocilizumab in hospitalized patients with se-
vere Covid-19 pneumonia. N Engl ] Med 2021; 384:1503-16.

Salama C, Han J, Yau L, et al. Tocilizumab in patients hospitalized with Covid-19
pneumonia. N Engl ] Med 2021; 384:20-30.

Salazar E, Christensen PA, Graviss EA, et al. Significantly decreased mortality in a
large cohort of coronavirus disease 2019 (COVID-19) patients transfused early
with convalescent plasma containing high-titer anti-severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) spike protein IgG. Am ] Pathol 2021; 191:
90-107.

Seethapathy R, Zhao S, Long JD, Strohbehn IA, Sise ME. A propensity score—
matched observational study of remdesivir in patients with COVID-19 and severe
kidney disease. Kidney360 2022; 3:269-78.

Self WH, Wheeler AP, Stewart TG, et al. Neutralizing COVID-19 convalescent
plasma in adults hospitalized with COVID-19: a blinded, randomized, placebo-
controlled trial. Chest 2022; 162:982-94.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Selvaraj V, Herman K, Finn A, Jindal A, Dapaah-Afriyie K. Remdesivir in
COVID-19 patients with end stage renal disease on hemodialysis. Arch
Pharmacol Ther 2021; 3:29-31.

Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of remdesivir vs standard care on
clinical status at 11 days in patients with moderate COVID-19: a randomized clin-
ical trial. JAMA 2020; 324:1048-57.

Stone JH, Frigault MJ, Serling-Boyd NJ, et al. Efficacy of tocilizumab in patients
hospitalized with Covid-19. N Engl ] Med 2020; 383:2333-44.

Sullivan DJ, Gebo KA, Shoham §, et al. Randomized controlled trial of early out-
patient COVID-19 treatment with high-titer convalescent plasma. medRxiv
[Preprint]. Posted online 21 December 2021. doi:https://doi.org/10.1101/2021.
12.10.21267485

Sullivan DJ, Gebo KA, Shoham §, et al. Early outpatient treatment for Covid-19
with convalescent plasma. N Engl ] Med 2022; 386:1700-11.

REMAP-CAP Investigators. Convalescent Plasma in Critically ill Patients with
Covid-19. medRxiv 2021.06.11.21258760.

Thompson MA, Henderson JP, Shah PK, et al. Association of convalescent plasma
therapy with survival in patients with hematologic cancers and COVID-19. JAMA
Oncol 2021; 7:1167-75.

US Food and Drug Administration. Emergency Use Authorization (EUA) for
bamlanivimab 700 mg and etesevimab 1400 mg IV administered together.
2020. Available at: https:/www.fda.gov/media/146255/download?attachment.
Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for ca-
sirivimab and imdevimab. 2020. Available at: https:/www.fda.gov/media/
144468/download?attachment. Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for to-
cilizumab. 2021. Available at: https:/www.fda.gov/media/150748/download?
attachment. Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for
Evusheld. 2021. Available at: https://www.fda.gov/media/155107/download?
attachment. Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for
molnupiravir. 2021. Available at: https://www.fda.gov/media/155241/download?
attachment. Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for
Paxlovid. 2021. Available at: https:/www.fda.gov/media/155194/download?
attachment. Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for so-
trovimab. 2021. Available at: https:/www.fda.gov/media/150130/download?
attachment. Accessed 15 August 2023.

US Food and Drug Administration. Emergency Use Authorization (EUA) for
bebtelovimab. 2022. Available at: https://www.fda.gov/media/156396/download?
attachment. Accessed August 15 2023.

Weinreich DM, Sivapalasingam S, Norton T, et al. REGN-COV2, a neutralizing
antibody cocktail, in outpatients with Covid-19. N Engl ] Med 2021; 384:238-51.
Medical Dictionary for Regulatory Activities. MedDRA homepage. Available at:
https:/www.meddra.org/. Accessed 27 December 2023.

National Institutes of Health, National Cancer Institute. Common Terminology
Criteria for Adverse Events (CTCAE) version 5. 2017. Available at: https://ctep.
cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_
reference_8.5x11.pdf. Accessed 10 May 2023.

US Food and Drug Administration. Fact sheet for health care providers: Emergency
Use Authorization of investigational COVID-19 convalescent plasma. 2021.
Available at: https:/www.fda.gov/media/141478/download. Accessed 8 May 2023.
Lai CC, Wang YH, Chen KH, Chen CH, Wang CY. The clinical efficacy and safety of
anti-viral agents for non-hospitalized patients with COVID-19: a systematic review
and network meta-analysis of randomized controlled trials. Viruses 2022; 14:1706.
Ravi G, Eerike M, Konda VR, et al. Efficacy and safety of anti-SARS-CoV-2 mono-
clonal antibodies: an updated review. Monoclon Antib Immunodiagn
Immunother 2023; 42:77-94.

Piscoya A, Parra Del Riego A, Cerna-Viacava R, et al. Efficacy and harms of toci-
lizumab for the treatment of COVID-19 patients: a systematic review and meta-
analysis. PLoS One 2022; 17:e0269368.

Lang VR, Englbrecht M, Rech J, et al. Risk of infections in rheumatoid arthritis
patients treated with tocilizumab. Rheumatology (Oxford) 2012; 51:852-7.
Singh A, Kamath A. Assessment of adverse events associated with remdesivir use
for coronavirus disease 2019 using real-world data. Expert Opin Drug Saf 2021;
20:1559-64.

Centers for Disease Control and Prevention. Underlying medical conditions
associated with higher risk for severe COVID-19: information for healthcare
professionals. Available at: https://archive.cdc.gov/www_cdc_gov/coronavirus/
2019-ncov/hep/clinicalcare/underlyingconditions.html. Accessed 24 November
2023.

US FDA-Authorized COVID-19 Treatments « OFID « 11


https://www.pfizer.com/news/press-release/press-release-detail/pfizer-announces-additional-phase-23-study-results
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-announces-additional-phase-23-study-results
https://doi.org/10.1101/2021.11.09.21265912
https://clinicaltrials.gov/study/NCT04452318
https://doi.org/10.1101/2021.12.10.21267485
https://doi.org/10.1101/2021.12.10.21267485
https://www.fda.gov/media/146255/download?attachment
https://www.fda.gov/media/144468/download?attachment
https://www.fda.gov/media/144468/download?attachment
https://www.fda.gov/media/150748/download?attachment
https://www.fda.gov/media/150748/download?attachment
https://www.fda.gov/media/155107/download?attachment
https://www.fda.gov/media/155107/download?attachment
https://www.fda.gov/media/155241/download?attachment
https://www.fda.gov/media/155241/download?attachment
https://www.fda.gov/media/155194/download?attachment
https://www.fda.gov/media/155194/download?attachment
https://www.fda.gov/media/150130/download?attachment
https://www.fda.gov/media/150130/download?attachment
https://www.fda.gov/media/156396/download?attachment
https://www.fda.gov/media/156396/download?attachment
https://www.meddra.org/
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_8.5x11.pdf
https://www.fda.gov/media/141478/download
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/hcp/clinicalcare/underlyingconditions.html
https://archive.cdc.gov/www_cdc_gov/coronavirus/2019-ncov/hcp/clinicalcare/underlyingconditions.html

	A Rapid Systematic Review of U.S. Food and Drug Administration-Authorized COVID-19 �Treatments
	METHODS
	RESULTS
	DISCUSSION
	Supplementary Data
	Notes
	References


