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Background: Nirmatrelvir/ritonavir (NMV/r) is an oral antiviral drug used to treat mild-to-
moderate coronavirus disease 2019 (COVID-19) in patients aged 12 years or older at high risk of
progression to severe disease (eg, hospitalization and death). Despite being the preferred option for
outpatient treatment in the majority of countries worldwide, NMV/r is currently underutilized in
real-world clinical practice.

Areas of Uncertainty: As numerous real-world studies have described patient outcomes following
treatment with NMV/r, this systematic literature review provides a comprehensive summary of
evidence on NMV/r effectiveness against hospitalization and mortality further organized by clini-
cally meaningful categories, such as acute versus longer-term follow-up, age, underlying health
conditions, and vaccination status, to help inform health care decision making.

Data Sources: We searched Embase and PubMed (December 22, 2021–March 31, 2023) and congress
abstracts (December 1, 2021–December 31, 2022) for reports describing NMV/r effectiveness.

Therapeutic Advances: In total, 18 real-world studies met final selection criteria. The evidence
showed that NMV/r significantly reduced postinfection risk of all-cause and COVID-19-related
hospitalization and mortality in both acute (#30 days) (21%–92%) and longer-term (.30 days)
(1%–61%) follow-up. The reduction in postinfection risk was higher when treatment was received
within 5 days of symptom onset. Real-world effectiveness of NMV/r treatment was observed
regardless of age, underlying high-risk conditions, and vaccination status.
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Conclusion: The systematic literature review findings demonstrated the effectiveness of NMV/r
against hospitalization and mortality during the Omicron period among individuals at high risk
of progression to severe COVID-19 disease.

Keywords: antiviral treatment, COVID-19, hospitalization, systematic literature review, real-world
effectiveness

INTRODUCTION

Nirmatrelvir/ritonavir (NMV/r) is an oral antiviral
medication used for the treatment of mild-to-
moderate COVID-19 in individuals at high risk of pro-
gression to severe disease, including hospitalization
and death. In the United States, NMV/r received Food
and Drug Administration emergency use authoriza-
tion on December 22, 2021, for the treatment of indi-
viduals aged 12 years or older1,2 and was shortly
thereafter made available in Europe on January 28,
2022.3 Other authorizations and approvals followed
across the globe. Globally, over 12.7 million treatment
courses of NMV/r have been prescribed since January
2022.4 In many countries, NMV/r is recommended as
the preferred outpatient COVID-19 treatment for indi-
viduals at high risk of progression to severe illness.5–7

The efficacy of NMV/r to prevent progression to
COVID-19–related hospitalization or death was first
demonstrated in the Evaluation of Protease Inhibition
for COVID-19 in High-Risk Patients (EPIC-HR) trial.
This randomized, double-blind, placebo-controlled,
multinational trial showed that NMV/r reduced the
risk of COVID-19–related hospitalization or death
from any cause by 86% when patients were treated
within 5 days of symptom onset (0.9% vs. 6.5%, abso-
lute risk in treated vs. placebo, respectively; P ,
0.001).8 In contrast to EPIC-HR, which enrolled immu-
nologically naive patients with COVID-19 (ie, unvac-
cinated and not previously infected with SARS-CoV-
2), the Evaluation of Protease Inhibition for COVID-19
in Standard-Risk Patients (EPIC-SR) trial included vac-
cinated patients.9 Although EPIC-SR enrollment was
stopped early due to the low rate of hospitalization
or death in the standard-risk population,9 the clinical
trial found that NMV/r efficacy among vaccinated
adults with $1 risk factor, while not statistically sig-
nificant, was supportive of the efficacy data observed
in the EPIC-HR study.8 Prespecified secondary end
point results showed a nominally significant 62%
decrease in COVID-19–related medical visits per day
across all patients, relative to placebo in a subgroup
analysis.9

However, questions still remain about the clinical
relevance of these results for the treatment of contem-
porary patients in the real-world setting, given that the
EPIC-HR trial was conducted in unvaccinated adults
without a history of prior infection during a period
when the Delta variant was the predominant one. This
is in contrast to the current situation of higher levels of
population immunity to SARS-CoV-2 (from vaccina-
tion, infection, or both) and a lower likelihood of
severe illness stemming from infection with the Omi-
cron variant and its sublineages.8

The current systematic literature review (SLR) was
undertaken to understand the real-world effectiveness
of NMV/r in reducing the acute and longer-term post-
infection risk of hospitalization, mortality, or a compos-
ite of hospitalization or mortality among
nonhospitalized patients with COVID-19 by age,
underlying high-risk conditions (UHCs), and vaccina-
tion status.

METHODS

This SLR was conducted in accordance with Cochrane
Handbook for Systematic Reviews of Interventions10

and Preferred Reporting Items for Systematic reviews
and Meta-Analysis11 guidelines. The literature search
was conducted in PubMed and Embase. Outcomes of
interest were identified using prespecified search strat-
egies in articles published between December 22, 2021,
and March 31, 2023 (see Supplemental Digital Con-
tent 1, http://links.lww.com/AJT/A151) and supple-
mented by a review of gray literature from conference
proceedings from December 1, 2021, to December 31,
2022 (see Supplemental Digital Content 2, http://
links.lww.com/AJT/A152).

Two independent reviewers (D.G. and J.P.) evalu-
ated titles and abstracts using the Population, Inter-
vention, Comparison, Outcomes, and Study Design
framework (see Supplemental Digital Content 3,
http://links.lww.com/AJT/A153); a third adjudicator
(G.M.) resolved any discrepancies. Studies available in
English that included patients aged 12 years or older
with COVID-19 treated with NMV/r as a single
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intervention (ie, not combined with other treatment
options, such as other antivirals) and who were at high
risk of progression to severe COVID-19 were eligible
for inclusion in the SLR.

Full-text articles were examined by 2 reviewers
using the predefined inclusion and exclusion criteria.
Final studies for data extraction were performed by
a single reviewer (D.G.), while a second reviewer
(J.P.) checked each data point. In cases where a study
was available both as a preprint and as a published
peer-reviewed publication within the date range of the
literature search, data from the peer-reviewed publica-
tion were reported in this SLR. Study variables cap-
tured included study design and population
characteristics, including acute (#30 days) versus
longer-term (.30 days) postinfection follow-up
period, COVID-19 vaccination status, circulating/
dominant variant and sublineages, history of prior
infection, time from symptom onset to treatment,
and variables associated with hospitalization, mortal-
ity, and composite end points.12 Study outcomes of
hospitalization, mortality, and a composite of hospital-
ization or mortality were stratified by acute and
longer-term follow-ups. The results were further strat-
ified by age, UHCs, and vaccination status, when
available.

Studies reporting adjusted estimates of treatment
effectiveness with corresponding 95% confidence in-
tervals (CIs) were selected for inclusion. Adjusted haz-
ard ratios (aHRs) and odds ratios (aORs) were
converted to effectiveness (ie, relative reduction) by
subtracting the aHR or aOR from 1 and multiplying
by 100. No statistical analysis was conducted across
the studies. Bias assessment was performed by 2 inde-
pendent reviewers (L.C. and C.R.) using the Risk of
Bias in Non-randomized Studies of Interventions tool
(see Supplemental Digital Content 4, http://links.
lww.com/AJT/A154).13

RESULTS

Study characteristics

Of 1880 records returned in the initial search (PubMed,
n 5 296; Embase, n 5 78; and gray literature, n 5
1506), 18 studies reported on NMV/r effectiveness as
a single intervention for hospitalization or mortality
and were included in this SLR (Figure 1, see Supple-
mental Digital Content 5, http://links.lww.com/
AJT/A155).14–31 Of these, 15 studies evaluated effec-
tiveness outcomes during acute follow-up #30 days
after a positive COVID-19 test, diagnosis, or treatment
initiation14,15,19–31 and 3 evaluated effectiveness out-
comes during longer-term follow-up (.30 days)

following diagnosis or treatment initiation.16–18 Two
studies that assessed outcomes 35 days after COVID-
19 diagnosis were included as studies with acute
outcomes.21,28

The 18 studies included a total of 343,197 patients
receiving NMV/r treatment.14–31 All studies reported
data for the outcome of hospitalization; 16 (88.9%) of
these studies provided data on the composite of hos-
pitalization or mortality.15–26,28–31 Most of these stud-
ies were conducted in North America (n 5
9),14,17,18,20,24–26,30,31 followed by Europe (n 5
3),23,26,27 Asia Pacific (n 5 2),15,19 and Middle East/
Africa (n 5 2)21,28; 2 studies had a global reach.16,22

All of the studies were retrospective in nature.14–31

Only 1 study was a single-arm study.23 The main com-
parator in most studies was no NMV/r (n 5 15),14–
22,24–26,28,30,31 followed by molnupiravir (n 5 5),15,18,27–
29 sotrovimab (n 5 2),27,29 remdesivir (n 5 1),27 and
others (n 5 1).30 Among the 18 studies, 7 reported
administering NMV/r treatment #5 days after the
onset of symptoms19,20,22,26–28,31; however, only one
of these studies, by Lewnard et al, described the exact
timing of NMV/r treatment from symptom onset.27

Most (n 5 17) studies captured vaccination sta-
tus,14,15,17–31 but only 11 reported the actual number
of vaccine doses received by patients.17,18,20,23,24,26–31

The predominant COVID-19 variant discussed in 12
studies was Omicron15,19–21,23,24,26–31; 6 studies
included details about the sublineages of the virus,
namely BA.1/BA.2 and BA.4/BA.5 (see Supplemental
Digital Content 6, http://links.lww.com/AJT/
A156).19,23,24,27,29,31

Among the 18 studies, 8 (44.4%) reported outcomes
by age.14,20,21,23,24,26,28,30 In addition, 61.1% of the stud-
ies included data on race/ethnicity related to NMV/r
treatment.14,16–18,20,22,24,25,29–31 The majority of these
patients were White (68.6%), with Black/African
American and Hispanic ethnicities making up 12.6%
and 11.4%, respectively.

Acute follow-up

Hospitalization

In 6 studies of all-cause hospitalization, NMV/r effec-
tiveness compared with no NMV/r ranged from 21%
to 89% (Figure 2).14,15,22–25 In 3 studies of COVID-19-
related hospitalization, effectiveness of NMV/r versus
no NMV/r ranged from 24% to 60% (Figure 3).18,20,24

Effectiveness by age and UHCs

All-cause hospitalizations among patients
aged $65 years treated with NMV/r versus no
NMV/r were lower at 10–30 days (aHR range: 0.11–
0.17; aOR range: 0.31–0.37) following COVID-19
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diagnosis.14,23,24 In patients aged ,65 years, all-cause
hospitalizations were lower for NMV/r versus no
NMV/r at 15–30 days (aHR range: 0.16–0.19 and
aOR: 0.53; 0.34–0.80).14,24

For COVID-19-related hospitalizations, Shah et al
found that NMV/r versus no NMV/r was effective
against 30-day COVID-19-related hospitalization follow-
ing diagnosis across age-groups (18–49 years: aHR 5
0.59, 95% CI, 0.48–0.71; 50–64 years: 0.40, 0.34–0.48;
$65 years: 0.53, 0.48–0.58).20 Arbel et al reported signif-
icantly lower 35-day COVID-19-related hospitalization
for patients aged $65 years treated with NMV/r versus
no NMV/r (aHR: 0.27; 0.15–0.49), but not in patients
aged 40–64 years (aHR: 0.74; 0.35–1.58).21

No studies reported on all-cause hospitalization of
patients with UHCs; however, COVID-19-related

hospitalization at 30 days was significantly lower in
patients with UHCs who received NMV/r versus no
NMV/r. Shah et al reported a significant reduction in
30-day hospitalization in patients aged $18 years trea-
ted with NMV/r versus no NMV/r with 1 UHC or $2
UHCs (aHR: 0.57; 0.45–0.71 and 0.47; 0.44–0.51, respec-
tively). This reduction in hospitalization among
NMV/r-treated patients with $2 UHCs was seen
across all age-groups, including 18–49 (aHR: 0.54;
0.43–0.67), 50–64 (aHR: 0.40; 0.34–0.48),
and $65 years (aHR: 0.51; 0.47–0.56).20

Effectiveness by vaccination status

Patients treated with NMV/r versus no NMV/r had
lower all-cause and COVID-19-related hospitalization
regardless of vaccination status. Three studies (Zhou

FIGURE 1. SLR Preferred Reporting Items for Systematic reviews and Meta-Analysis diagram. Eighteen studies re-

ported on NMV/r effectiveness as a single intervention for hospitalization or mortality and were included in this SLR.
*Refer to supplemental material 5 for a list of reference citations for the 66 publications.
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et al, Ganatra et al, and Aggarwal et al) reported sig-
nificantly lower 30-day all-cause hospitalization
among patients treated with NMV/r versus no
NMV/r across vaccination groups, including unvacci-
nated (aOR: 0.46; 0.27–0.77), $1 vaccine dose (aOR:
0.43; 0.20–0.91 and aHR: 0.18; 0.12–0.28), 1–2 vaccine
doses (aOR: 0.40; 0.20–0.79), and $3 vaccine doses
(aOR: 0.47; 0.29–0.74).14,22,24 In addition, Zhou et al14

reported significantly lower all-cause hospitalization
among vaccinated ($1 dose) patients who were trea-
ted with NMV/r versus no NMV/r at 15 days (aHR:
0.11; 0.06–0.20).

For COVID-19-related hospitalizations, Shah et al
reported a lower 30-day risk in patients treated with
NMV/r versus no NMV/r across all vaccination
groups, including unvaccinated (aHR: 0.50; 0.43–
0.59), 2 vaccine doses (aHR: 0.50; 0.42–0.58), and $3
vaccine doses (aHR: 0.50; 0.45–0.55).20

Mortality

Two studies by Wong et al and Aggarwal et al re-
ported NMV/r versus no NMV/r effectiveness of

66% and 85% against all-cause mortality (Figure 4),19,24

at 28 days (aHR: 0.34; 0.22–0.52; aOR: 0.15; 0.03–0.50)
following confirmed COVID infection.19,24 The 30-day
COVID-19-related mortality for patients following
treatment with NMV/r versus no NMV/r was signif-
icantly lower (aOR: 0.49; 0.40–0.60).26

Effectiveness by age and UHCs

Adjusted estimates of NMV/r effectiveness stratified
by age, UHCs, or vaccination status were available for
COVID-19-related mortality but not for all-cause
mortality.

Arbel et al showed a significant reduction in 35-day
COVID-19-related mortality risk among older ($65
years) patients treated with NMV/r versus no
NMV/r (aHR: 0.21; 0.05–0.82); however, the reduc-
tion was not significant among those aged 40–64 years
(aHR: 1.32; 0.16–10.75), potentially due to low event
rates.21 Schwartz et al26 reported significantly lower
30-day COVID-19-related mortality in patients
aged $70 and ,70 years with NMV/r versus no
NMV/r (aOR: 0.48; 0.39–0.59 and 0.13; 0.03–0.57,

FIGURE 2. Effectivenessa against all-cause hospitalization. NMV/r effectiveness against all-cause hospitalization com-

pared with no NMV/r ranged from 21% to 89%. aTreatment effectiveness percentages were calculated by subtracting

hazard ratios or odds ratios from 1 and multiplying by 100. bThis study was limited to patients with inflammatory bowel

disease. Note: The definition of “no NMV/r” varied across studies. The following definitions were used for “no NMV/r”:

Yip et al,15 Hashash et al,25 and Zhou et al14 used “not prescribed NMV/r or molnupiravir”; Ganatra et al22 used “did not

receive ritonavir, nirmatrelvir, tixagevimab-cilgavimab, bebtelovimab, bamlanivimab, molnupiravir, or convalescent

plasma transfusion”; Xie et al17 used “did not receive other outpatient COVID-19 antiviral or antibody treatments within

30 days of the index date”; and Hsu et al,16 Paraskevis et al,23 and Aggarwal et al24 stated “not receiving NMV/r.”
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FIGURE 3. Effectivenessa against COVID-19-related outcomes. Effectiveness of NMV/r against COVID-19-related hospi-

talization versus no NMV/r ranged from 24% to 60%. (A) Effectiveness against COVID-19-related hospitalization. (B)

Effectiveness against COVID-19-related hospitalization or mortality. (A) Treatment effectiveness percentages were cal-

culated by subtracting hazard ratios or odds ratios from 1 and multiplying by 100. Note: The definition of “no NMV/r”

varied across studies. The following definitions were used for “no NMV/r”: Tadmor et al28 and Wong et al19 used “did

not receive NMV/r or molnupiravir”; and Shah et al,20 Schwartz et al,26 and Aggarwal et al24 stated “not receiving NMV/

r.” There are 2 estimates for Wong et al19 because the authors reported 2 different measures of association: aHR (0.76;

0.67, 0.86) and aOR (0.43; 0.31, 0.59).
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respectively). Furthermore, Schwartz et al26 observed
a significant reduction in 30-day COVID-19-related
mortality in patients treated with NMV/r versus no
NMV/r with ,3 and $3 UHCs, including chronic
heart disease and advanced liver disease (aOR: 0.50;
0.39–0.64 and 0.48; 0.34–0.67, respectively).

Effectiveness by vaccination status

Schwartz et al26 reported significantly reduced 30-day
COVID-19-related mortality following treatment dis-
pense date in patients treated with NMV/r versus no
NMV/r across all vaccination groups, including
unvaccinated (aOR: 0.34; 0.16–0.74), 1–2 vaccine doses
(aOR: 0.23; 0.11–0.51), and $3 vaccine doses (aOR:
0.54; 0.43–0.67).

Composite of hospitalization or mortality

Four studies evaluated NMV/r effectiveness against
all-cause hospitalization or mortality (Figure 5).27,29,31

In 2 of these studies that compared NMV/r with no
NMV/r, NMV/r showed 54%–92% effectiveness in
reducing the risk of the composite end point of

hospitalization or mortality: this included 1 study
(Qian et al) with a population of patients with systemic
autoimmune rheumatic disease exhibiting the highest
effectiveness and the other study (Lewnard et al) with
a population of patients aged 12 years or older with
effectiveness as high as 80%.30,31 In the 3 studies that
assessed the effectiveness of NVM/r versus compara-
tors (vs. monoclonal antibodies, molnupiravir, sotrovi-
mab, and remdesivir), the effectiveness ranged from
16% to 88%.27,29,30

The effectiveness of NMV/r versus no NMV/r for
the composite end point of COVID-19-related hos-
pitalization or mortality was 44% and 52% in 2 stud-
ies (Figure 3).26,28 One other study assessed NMV/r
versus molnupiravir or sotrovimab and reported an
NMV/r effectiveness of 12% and 74%,
respectively.29

Effectiveness by age and UHCs

Compared with no NMV/r treatment, NMV/r was
associated with lower odds at 30 days across age-
groups, including 18–64 years (aOR: 0.07; 0.02–0.31)

FIGURE 4. Effectivenessa against all-cause mortality. During acute follow-up, the effectiveness of NMV/r against all-

cause mortality versus no NMV/r ranged from 66% to 85%. aTreatment effectiveness percentages were calculated by

subtracting hazard ratios or odds ratios from 1 and multiplying by 100. Note: The definition of “no NMV/r” varied across

studies. The following definitions were used for “no NMV/r”: Xie et al17 used “did not receive other outpatient COVID-

19 antiviral or antibody treatments within 30 days of the index date”; Bajema et al18 and Wong et al19 used “did not

receive NMV/r or molnupiravir”; and Aggarwal et al24 and Hsu et al16 stated “not receiving NMV/r.” There are 2

estimates for Wong et al19 because the authors reported 2 different measures of association: aOR (0.23; 0.11, 0.49)

and aHR (0.34; 0.22, 0.52).
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and $65 years (aOR: 0.11; 0.02–0.54).30 NMV/r was
associated with significantly lower composite 30-day
all-cause hospitalization or mortality compared with
no NMV/r (aOR: 0.08; 0.03–0.24) following a positive
COVID-19 test among adults aged $18 years with
a systemic rheumatic disease.30

Regarding the COVID-19-related composite end
point of hospitalization or mortality, NMV/r was
associated with significantly lower odds at 30 days
following treatment dispense date compared with no
NMV/r across age-groups, including patients
aged ,70 and $70 years (aOR: 0.34; 0.15–0.79 and
0.55; 0.45–0.66, respectively).26

For UHCs, Tadmor et al28 reported significantly
lower composite 35-day COVID-19-related hospitali-
zation or COVID-19-related mortality following a pos-
itive COVID-19 test among patients with chronic
lymphocytic leukemia treated with NMV/r versus
no NMV/r (aOR: 0.48; 0.13–0.63).

Effectiveness by vaccination status

Compared with no NMV/r treatment, a significantly
lower composite end point of hospitalization or mor-
tality within 30 days of a positive test for COVID-19
was seen among patients treated with NMV/r across
various vaccinated groups, including vaccinated with
2 mRNA vaccine doses or 1 adenovirus dose (aOR:
0.03; 0.01–0.81) and boosted (.2 mRNA vaccine doses
or .1 adenovirus dose; aOR: 0.09; 0.03–0.32)
populations.30

In Lewnard et al, NMV/r versus no NMV/r had an
overall estimated effectiveness of 53.6% (95% CI, 6.6–
77.0) in preventing all-cause hospital admission or
mortality within 30 days of a positive test for COV-
ID-19 in a highly vaccinated patient population, which
increased to 79.6% (95% CI, 33.9–93.8) when NMV/r
was dispensed within 5 days of symptom onset.31

Effectiveness increased further to 89.6% (95% CI,
50.2–97.8) in analyses restricted to patients who were

FIGURE 5. Effectivenessa against all-cause hospitalization or mortality. NMV/r showed 54%–92% effectiveness in reduc-

ing the risk of the composite end point of hospitalization or mortality compared with no NMV/r during acute follow-up.
aTreatment effectiveness percentages were calculated by subtracting hazard ratios or odds ratios from 1 and multiply-

ing by 100. Lewnard et al (2023)31 was the only study to have effectiveness percentages already calculated. bPopulation

includes all patients, regardless of treatment timing relative to symptom onset. cPopulation includes patients who

received NMV/r treatment within 5 days of symptom onset. Note: The definition of “no NMV/r” varied across studies.

The following definitions were used for “no NMV/r”: Qian et al30 used “no NMV/r, molnupiravir, monoclonal anti-

bodies, remdesivir, or combination”; Xie et al17 used “did not receive other outpatient COVID-19 antiviral or antibody

treatments within 30 days of the index date”; Bajema et al18 used “did not receive NMV/r or molnupiravir”; and

Lewnard et al31 and Hsu et al16 stated “not receiving NMV/r.”
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dispensed treatment on the same day as their positive
test. Similar results were observed in a subgroup anal-
ysis of vaccinated patients, where an effectiveness of
83.1% (95% CI, 30.4–95.9) and 92.2% (95% CI, 52.0–
98.7) was observed when NMV/r was dispensed
within 5 days of symptom onset, and 55.3% (95% CI,
6.6–78.7) and 66.5% (95% CI, 24.0–85.3) when given at
any time in individuals who received $2 or $3 doses
of COVID-19 vaccine, respectively.31

Schwartz et al26 observed a significantly lower com-
posite end point of hospitalization or mortality at
30 days among patients treated with NMV/r versus
no NMV/r across vaccinated groups, including unvac-
cinated (aOR: 0.44; 0.23–0.84), 1–2 vaccine doses (aOR:
0.25; 0.12–0.50), and$3 vaccine doses (aOR: 0.62; 0.51–
0.75).

Longer-term follow-up

Three studies evaluated outcomes of longer-term
NMV/r treatment.16–18 No studies were identified that
assessed longer-term all-cause or COVID-19-related
outcomes by age, UHCs, or vaccination status.

Hospitalization

Two studies that evaluated all-cause hospitalization at
31–180 days following diagnosis in patients treated
with NMV/r versus no NMV/r reported an effective-
ness of 24% and 43%, respectively (Figure 2).16,17 No
studies of NMV/r versus other treatments for COVID-
19-related hospitalization were identified.

Mortality

Three studies reported aHR/aOR for NMV/r versus
no NMV/r for all-cause mortality up to 180 days fol-
lowing diagnosis or NMV/r treatment with effective-
ness ranging from 39% to 61% (Figure 4).16–18 Bajema
et al18 reported similar results for NMV/r versus mol-
nupiravir with an effectiveness of 33% at 0–180 days
and 50% at 31–180 days.

Composite of hospitalization or mortality

Three studies of the NMV/r effectiveness against all-
cause hospitalization or mortality within 180 days fol-
lowing diagnosis or NMV/r treatment are shown in Fig-
ure 5.16–18 All 3 compared NMV/r with no NMV/r and
found a range of effectiveness of 1%–46%16–18; 1 study
assessed the effectiveness of NVM/r versus molnupira-
vir within 180 days with an effectiveness of 20%.18

Therapeutic Advances

This SLR identified a total of 18 articles that assessed
the real-world effectiveness of NMV/r in the preven-
tion of acute and longer-term severe outcomes of
COVID-19 from December 22, 2021, through March

31, 2023. These studies spanned Delta and Omicron
variant predominance and consistently showed that
NMV/r was associated with significantly lower hospi-
talization compared with no NMV/r treatment,14–
17,19,20,22–25 regardless of age, UHCs, and vaccination
history.14,20–24 In addition, the evidence indicates that
NMV/r is associated with a significantly lower likeli-
hood of a composite of all-cause or COVID-19-related
hospitalization or mortality compared with no NMV/r
treatment, across multiple UHCs and vaccination
statuses.26,30

Three studies evaluated the real-world effectiveness
of NMV/r in the 30–180 days posttreatment initiation
or diagnosis,16–18 a follow-up period that has not been
studied in a randomized clinical trial setting. NMV/r
effectiveness outcomes beyond 30 days consistently
demonstrated directionally positive results in reducing
the risk of hospitalization, mortality, and the compos-
ite of hospitalization or mortality. COVID-19 postacute
outcomes have been observed to peak in the first
3 months following acute infection32–35; therefore,
events captured after this point may be less likely
related to COVID-19 or treatment.

Real-world data have been an essential source of
information for understanding the clinical relevance
and generalizability of NMV/r efficacy demonstrated
in the pivotal EPIC-HR trial. The findings from this
SLR support the effectiveness of NMV/r across geog-
raphy, SARS-CoV-2 variants, age, presence of UHCs,
and vaccination status.8 We found that only 1 study,
conducted by Lewnard et al, took into consideration
the timing of symptom onset relative to treatment ini-
tiation, in alignment with the EPIC-HR trial and cur-
rent treatment guidance.31 In this study, a substantial
increase in effectiveness against all-cause hospitaliza-
tion or mortality was observed among those where
NVM/r was administered within 5 days of symptom
onset (79.7%), compared with those where NVM/r
was administered at any time (53.6%), and further
increased (89.6%) in those whose treatment was dis-
pensed on the day of their test, highlighting the impor-
tance of timely treatment.31 In retrospective studies
using real-world data, accurate symptom onset data
are hard to come by and positive SARS-CoV-2 tests
or COVID-19 diagnosis dates are often used as a proxy
for symptom onset, which, in most cases, occur later
than the actual symptom onset. Thus, studies without
information on symptoms and onset timing may be
more likely to include patients with a longer interval
between symptom onset and treatment initiation than
those included in EPIC-HR and in the study of Lew-
nard et al.

Despite being the preferred option for outpatient
treatment in the majority of countries, NMV/r is
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currently underutilized in real-world clinical prac-
tice.36–38 The reasons for this have not been estab-
lished, but may be linked to unawareness of the
treatment or uncertainty around SARS-CoV-2 rebound
after NVM/r treatment, which has been reported
widely in the media. Two recent studies—a literature
review of randomized trial and observational studies
conducted by the Centers for Disease Control and Pre-
vention39 and an analysis of viral RNA shedding data
from EPIC-HR and EPIC-SR conducted by the U.S.
Food and Drug Administration40—reported similar
virologic rebound rates between NVM/r treated and
untreated patients.39,40 Moreover, virologic rebound
after NVM/r treatment was not associated with
COVID-19–related hospitalization or death.40 These
findings continue to support the safety and efficacy
of NMV/r in eligible patients and underscores
national guidelines advising that rebound should not
deter providers from prescribing this highly effective
antiviral treatment when indicated to prevent severe
COVID-19.
Several limitations of this SLR should be noted: first,

several studies leveraged the same datasets. For exam-
ple, 3 datasets were used across multiple studies—the
US Department of Veterans Affairs COVID-19 Shared
Data Resource,17,18 the TriNetX Analytics Net-
work,16,22,25 and the Hospital Authority of Hong
Kong.15,16,19 While these studies had differences in
study design, including recruitment methods,
inclusion/exclusion criteria, and length of follow-up,
the study cohorts may not be mutually exclusive. There-
fore, effectiveness estimates could have been influenced
by patients represented in .1 study. Second, heteroge-
neity in cohort selection criteria of included studies (eg,
UHCs, reporting of vaccination status, and treatment
timing in relation to symptom onset), measurement of
study end points, and differences in follow-up periods
(eg, 3 studies assessed outcomes up to 180 days)16–18

precluded the conduct of a meta-analysis. Furthermore,
most studies included in this analysis were evaluated as
having moderate bias due to the observational nature of
the studies and inherent limitations stemming from
unmeasured confounders and analyses of heteroge-
neous real-world patient cohorts.
There have been 6 meta-analyses recently published

with data generated during the Omicron period; find-
ings of these studies are in line with previously pub-
lished data.41–46 Li et al summarized 7 studies of
vaccinated, high-risk patients and showed that
NMV/r treatment reduced the incidence of all-cause
hospitalization or mortality within 30 days for vacci-
nated patients (risk ratio: 0.53; 0.40–0.70).41 This bene-
fit was higher in patients aged .65 years when
compared with those aged 50–65 years. Another study

by Tian et al42 evaluated 12 studies comparing NMV/r
treatment with other antivirals and reported a reduc-
tion in longer-term mortality and disease progression.
The meta-analysis by Souza et al43 summarized 14
studies of vaccinated and unvaccinated high-risk pa-
tients and found a reduction in the risk of hospitaliza-
tion, mortality, or a composite of hospitalization and/
or mortality with NMV/r versus standard treatment
without antivirals of 53% (OR: 0.47; 0.36–0.60), 59%
(OR: 0.41; 0.35–0.52), or 56% (OR: 0.44; 0.31–0.64),
respectively. Subgroups ,60 years and .60 years
showed similar results. This SLR was intended to
encompass a broader assessment of NMV/r effective-
ness further organized by clinically meaningful cate-
gories, such as acute versus longer-term follow-up,
age, UHCs, and vaccination status, thereby serving
as the most comprehensive SLR of NMV/r effective-
ness to date to the best of our knowledge. The scope of
this SLR did not include nonsevere outcomes of COV-
ID-19, such as health care resource utilization, emer-
gency department visits, and long COVID.

CONCLUSION

This SLR summarized the evidence on NMV/r effec-
tiveness against severe outcomes of COVID-19 re-
ported between December 22, 2021, and March 31,
2023. The evidence showed that NMV/r effectively
reduced hospitalization and mortality across geogra-
phy, SARS-CoV-2 variants, age groups, UHCs, and
COVID-19 vaccination status. Effectiveness was high-
er when NMV/r was received within 5 days of symp-
tom onset in alignment with current treatment
guidance and increased further when treatment was
given on the same day as testing, emphasizing the
importance of timely treatment for the prevention of
severe illness.
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