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IMPORTANCE Despite widespread use, summary evidence from prior meta-analyses has
contradictory conclusions regarding whether oseltamivir decreases the risk of hospitalization
when given to outpatients. Several large investigator-initiated randomized clinical trials have
not yet beenmeta-analyzed.

OBJECTIVE To assess the efficacy and safety of oseltamivir in preventing hospitalization
among influenza-infected adult and adolescent outpatients.

DATA SOURCES PubMed, OvidMEDLINE, Embase, Europe PubMed Central, Web of Science,
Cochrane Central, ClinicalTrials.gov, andWHO International Clinical Trials Registry were
searched from inception to January 4, 2022.

STUDY SELECTION Included studies were randomized clinical trials comparing oseltamivir vs
placebo or nonactive controls in outpatients with confirmed influenza infection.

DATA EXTRACTION AND SYNTHESIS In this systematic review andmeta-analysis, Preferred
Reporting Items for Systematic Reviews andMeta-analyses (PRISMA) reporting guidelines
were followed. Two independent reviewers (R.H. and É.B.C.) extracted data and assessed risk
of bias using the Cochrane Risk of Bias Tool 2.0. Each effect size was pooled using a restricted
maximum likelihood random effects model. The quality of evidence was graded using the
Grading of Recommendations, Assessment, Development and Evaluations (GRADE)
framework.

MAIN OUTCOMES ANDMEASURES Hospitalization was pooled as risk ratio (RR) and risk
difference (RD) estimates with 95% CIs.

RESULTS Of 2352 studies identified, 15 were included. The intention-to-treat infected (ITTi)
population was comprised of 6295 individuals with 54.7% prescribed oseltamivir. Across
study populations, 53.6% (5610 of 10 471) were female and themean age was 45.3 (14.5)
years. Overall, oseltamivir was not associated with reduced risk of hospitalization within the
ITTi population (RR, 0.77; 95% CI, 0.47-1.27; RD, −0.14%; 95% CI, −0.32% to 0.16%).
Oseltamivir was also not associated with reduced hospitalization in older populations (mean
age �65 years: RR, 0.99; 95% CI, 0.19-5.13) or in patients considered at greater risk of
hospitalization (RR, 0.90; 95% CI, 0.37-2.17). Within the safety population, oseltamivir was
associated with increased nausea (RR, 1.43; 95% CI, 1.13-1.82) and vomiting (RR, 1.83; 95% CI,
1.28-2.63) but not serious adverse events (RR, 0.71; 95% CI, 0.46-1.08).

CONCLUSIONS AND RELEVANCE In this systematic review andmeta-analysis among
influenza-infected outpatients, oseltamivir was not associated with a reduced risk of
hospitalization but was associated with increased gastrointestinal adverse events. To justify
continued use for this purpose, an adequately powered trial in a suitably high-risk population
is justified.
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B efore theCOVID-19pandemic, influenzawasoneof the
most clinically burdensome respiratory viruses.1 The
US Centers for Disease Control and Prevention esti-

mated29million cases, 380000hospitalizations, and28000
deaths from influenza in the US during the 2018 to 2019
season.2 While COVID-19 led to a temporary reduction in in-
fections, influenza isnowexpectedtohavearesurgence.3Novel
strains or a rise in a relatively less immune population could
trigger an influenza pandemic resembling the crises experi-
enced in 1968 or 2009.4 As such, the availability of safe and
effective treatments is critical to avoid overwhelming health
care systems and to reduce morbidity and mortality. Indeed,
abreakthrough in theCOVID-19pandemicoccurredwhenout-
patient randomized clinical trials demonstrated reductions in
hospitalization and death.5 In contrast, despite the substan-
tial threat that influenza poses, there are no evidence-based
outpatient treatments proven to prevent the progression to
hospitalization.

Oseltamivir (Tamiflu) is anantiviral that is commonlypre-
scribedtooutpatientswith influenza toaccelerate recoveryand
preventcomplications.Detailingbykeyopinion leaders,guide-
line panels, and themanufacturer has even led to stockpiling
of themedicationaspartofnationalpandemic responses.6Yet,
despite guideline recommendations,7,8 and millions of doses
prescribed, it is unclear whether oseltamivir reduces severe
complications requiring hospitalization. Three prior system-
atic reviews (1 independent and 2 supported by themanufac-
turer)havearrivedatdifferentconclusions.9-11 Since thesepub-
lications, several large randomized clinical trials (RCTs) have
been completed and have yet to be meta-analyzed.12-15 We,
therefore, sought to clarify whether oseltamivir is a high-
value medical treatment (achieving optimal results for pa-
tients balanced with an efficient use of resources).16 To do
so, we conducted a systematic review and meta-analysis of
RCTs of oseltamivir for the prevention of first hospitalization
in adolescent and adult outpatients (efficacy) and treatment-
associated adverse events (safety).

Methods
Theprotocol for this systematic reviewandmeta-analysiswas
prospectively registeredonPROSPERO (CRD42022299030).17

Findings are reported following thePreferredReporting Items
forSystematicReviewsandMeta-analyses (PRISMA) reporting
guideline.18

SearchMethods
We searched PubMed, Ovid MEDLINE, Embase, Europe
PubMedCentral,WebofScience, andCochraneCentral, aswell
asClinicalTrials.govandWHOInternationalClinicalTrialsReg-
istry (eTable in Supplement 1) from inception to January 4,
2022. The central search strategy consisted ofMeSH (Medical
Subject Headings) terms and keywords corresponding to the
subjects of “influenza,” “randomized clinical trials,” and “os-
eltamivir.” This was then adapted to meet each database-
specific or registry-specific terminology. Bibliographies of in-
cluded articles and relevant systematic reviews were hand

searched. Unpublished Roche-sponsored clinical study re-
ports (CSRs)were obtained from theBritishMedical Journal’s
open database for oseltamivir.19 No language restrictions, fil-
ters, or limits were applied.

Selection Criteria
Published and unpublished RCTs were included in this re-
view.Observational studieswereexcluded.Each included trial
compared oseltamivir at the recommended oral dosage of 75
mgtwicedaily for5daysvsanonactivecontrol equivalent (pla-
cebo or standard of care) and reported the outcome of hospi-
talization. Only the first hospitalization was considered; re-
admissions were not counted. Study populations included
outpatients aged 12years andolderdiagnosedwithnatural in-
fluenza infectionsbasedonclinical history and laboratoryevi-
dence.Most often infectionwas confirmed by viral culture or
polymerase chain reaction (PCR); however, in certain Roche-
sponsored studies, an infection could also be established by a
4-fold rise in antibody titers at day 30.

Study Selection and Extraction
Search resultswere imported toEndNote, version9.3.3 (Clari-
vate), andduplicateswere removed.Unique studieswere up-
loaded to Rayyan, and 2 reviewers (R.H. & É.B.C.) indepen-
dently screened all titles and abstracts, removed clearly
irrelevant results, selected eligible studies from full-text re-
view, and recorded reasons for exclusion. The same review-
ers then independently extracted thedata from includedstud-
ies using a pre-established data extraction table in Microsoft
Excel, version 16.54 (Microsoft). Disagreements were re-
solved by consensus with a third reviewer (T.C.L.).

Outcomes and Data Items
Extracted study characteristics included the year, number of
participants, method of confirming influenza, follow-up dura-
tion,andstudysponsor.Relevantparticipantdemographicswere
extracted (eg, race andethnicity, sex, influenzaAorB).Missing
study demographics were assumed to be unavailable.

Theprimary efficacy outcomewas thenumber of first all-
cause hospitalizations per treatment group in the intention-
to-treat infected (ITTi) population—individuals confirmed to

Key Points
Question Is the administration of oseltamivir to adult and
adolescent outpatients with confirmed influenza associated with a
reduced risk of first hospitalization?

Findings In this systematic review andmeta-analysis of 15
randomized clinical trials including 6295 patients, oseltamivir was
not associated with reduced risk of first hospitalization compared
with placebo or standard of care. Results were similar in a
subgroup of patients considered at high risk of hospitalization;
however, the CIs were wide.

Meaning An adequately powered trial in a suitably high-risk
population is needed to determine whomight benefit from early
treatment with oseltamivir to prevent hospitalization.
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have influenza according to the studydefinition.Hospitaliza-
tion was defined as the first admission to a hospital or health
care center during the treatment or follow-up period, for any
causeandanyduration.Emergencydepartmentvisitswithdi-
rect discharge home were excluded. When this was not spe-
cifically reported in the ITTipopulation,wemadeup to8email
data requests to the senior and/or corresponding author. The
BritishMedical Journal database containsunpublishedRoche
CSRs.19Within these,we identifiedhospitalizedpatients from
theseriousadverseeventnarrativesandcross-referenced their
participant identificationnumbers to thestudy’sdiagnostic re-
sults to confirm their case positivity.

The primary safety outcome was the rate of any adverse
event, regardless of grade, and includednausea, vomiting, di-
arrhea, cardiac,psychiatric,neurologic, andacompositeof any
gastrointestinal symptoms (eg,nausea, diarrhea, gastritis, and
others).Nonindustry studies either had thresholds for report-
ing neurological adverse effects or did not report these at all;
for example, Roche CSRs recorded neurological adverse ef-
fects (severe and nonsevere) but excluded headache and fa-
tigue if theseoccurredduring the5daysof treatment andwere
accompanied by 1 ormore additional typical symptoms of in-
fluenza (eg,myalgias). Inaddition, total seriousadverseevents
(as defined by the studies) were analyzed separately when-
ever possible based on reporting. Adverse events were mea-
sured within the safety population (all randomized patients
who received at least 1 treatment dose).

Risk of Bias
The risk of bias for each study was assessed by 2 independent
reviewers(R.H.&É.B.C.)usingtheCochraneRiskofBiastool,ver-
sion2.0.20Disagreementsweresettledbyconsensus,andassess-
mentswere rendered by theRisk-of-Bias Visualization tool.21

Statistical Analyses
Under theCochraneHandbook’sassumptionthat somehetero-
geneity is inevitable, a restricted maximum-likelihood ran-
dom effects model was used for the meta-analyses using the
meta-command in Stata, version 17.0 (StataCorp).22Hospital-
ization was summarized as a risk ratio (RR) with 95% CIs. A
continuity correctionof0.5wasused for cellswithzeroevents.
Using themetaprop_onemodule,weestimated thepooledcon-
trol event rateusingageneralized linearmixedmodel.Wemul-
tiplied the pooled control event rate by (1 − risk ratio) and its
95%CIs to estimate the absolute riskdifference (RD)with95%
CIs. Common adverse event types were meta-analyzed using
a restricted maximum-likelihood random effects model and
were reported on the RR and RD scales. If statistically signifi-
cant, the number needed to harm was reported.22 Statistical
heterogeneitywas examinedwith the I2 test whereby a value
greater than 50% was considered statistically significant
heterogeneity.23

Several secondary analyses were conducted for the out-
comeofhospitalizationontheRRscale.First, toexplorepoten-
tialcausesofheterogeneity,prespecifiedsubgroupanalyseswere
performed based on each study’s:mean population age (above
and below 65 years); method of confirming influenza (PCR, vi-
ral culture, or rapid antigen); population risk level (high-risk

[mean population age older than 65 years or high-risk comor-
bidities] vsnot); and trial sponsor (Rochevs other). A subgroup
analysis was also conducted based on study quality with stud-
ies grouped as either low or at greater than low risk of bias. Fi-
nally, for hospitalization, we performed a remove-one meta-
analysis toensurenosingular studysignificantly influencedthe
pooled estimate and a cumulativemeta-analysis to investigate
for a change in efficacy over time.

Finally, since Roche studies confirmed influenza infec-
tionsviaviral cultureaswell asa4-foldorgreater increase inan-
tibody titer, and given prior studies have found oseltamivir re-
duces the odds of a 4-fold antibody rise by almost 20%, we
conducted a post hoc analysis using the ITT populations from
Roche-sponsored studies.24

Toassess for publicationbias,wevisually inspecteda fun-
nelplotandperformedanEgger test forasymmetry.23Athresh-
old of P < .10 was selected as an indicator of statistically sig-
nificant publication bias.25

Certainty of Evidence
Two independent reviewers (R.H. and É.B.C.) evaluated the
certainty of the evidence for the outcome of hospitalization
using the GRADE (Grading of Recommendations, Assess-
ment, Development and Evaluations) framework.26

Results
Search Results
The initial database and registry searches yielded 2352 unique
studies (Figure 1). Following title and abstract screening, 2269
were excluded. From 83 full-text reviews, 76 were subse-
quently excluded, leaving 7 included.12-15,27-29 Hand-searching
of bibliographies resulted in the inclusion of 8 additional un-
publishedCSRsfromRochePharmaceuticalsforatotalof15stud-
ies in the finalmeta-analysis.30-37

Risk of Bias
Of the 15 studies assessed, 9 (60%)were consideredat low risk
of bias, 5 (33.3%) had some concerns, and 1 (6.7%) was con-
sidered high risk (eFigure 1 in Supplement 1).

Study and Population Characteristics
TheITTipopulationcomprised6295 individuals,3443ofwhom
were assigned to oseltamivir (54.7%). Overall trial demograph-
ics are included inTable 1basedon the total studypopulations.
Participantshadamean (SD) ageof45.3 (14.5) years, and53.6%
(5610of10471)werefemale individuals.Wherereported,70.2%
(4225of6017)ofparticipants identifiedasWhite individuals,and
20.8% (1253 of 6017) identified as Asian individuals. A total of
60.3% (3668 of 6079) of participants were infected with influ-
enza A. At the study level, 9 of 15 (60%) trials were sponsored
byRoche andwere conducted between 1998 and 2006. Across
studies, the control rate of hospitalizationwas low (0.6%).

Efficacy Outcome
Overall, oseltamivir was not associated with reduced risk of
first hospitalization in the ITTi population (RR, 0.77; 95% CI,
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0.47-1.27; I2 = 0%; RD, −0.14%; 95% CI, −0.32% to 0.16%;
Figure 2).

Subgroup Analyses
Risk of hospitalization differed substantially between the
industry-sponsored andnonindustry-sponsored studies (RR,
0.50; 95% CI, 0.25-0.97 vs RR, 1.32; 95% CI, 0.63 to 2.75, re-
spectively; eFigure 2A in Supplement 1). Industry-sponsored
studies were also more likely to use viral culture and/or sero-
logical confirmation as opposed to modern molecular diag-
nostics (eFigure 2B in Supplement 1). Oseltamivir was not as-
sociated with reduced hospitalization in older populations
(mean age ≥65 years: RR, 0.99; 95%CI, 0.19-5.13 vsmean age
<65 years: RR, 0.72; 95% CI, 0.39-1.34; eFigure 2C in Supple-
ment 1). Likewise, there was no observed reduction in the
subgroup stratified according to patient risk (high-risk: RR,
0.90; 95% CI, 0.37-2.17 vs low-risk: RR, 0.63; 95% CI, 0.32-
1.24; eFigure 2D inSupplement 1). Subgroupanalysis dichoto-
mized by study quality (high vs low risk of bias) was also not
associated with the findings (high risk of bias: RR, 0.78; 95%
CI,0.36 to 1.71vs lowriskofbias:RR,0.76;95%CI,0.39 to 1.48;
eFigure 2E in Supplement 1).

Sensitivity Analyses
A remove-one analysis found Butler,13 2020, and Roche
WV15819, WV15876, and WV15978,35 2000, had a greater as-
sociation with the overall effect size (eFigure 3 in Supple-
ment 1).Cumulatively, estimatedefficacydecreasedover time,
particularlywhennonindustry studies began todominate the
literature. (eFigure 4 in Supplement 1). A post hoc analysis re-
stricted to placebo-controlled trials also found no difference
in the efficacy of oseltamivir (RR, 0.66; 95% CI, 0.38-1.13).

The sensitivity analysis using the ITT populations for
Roche-sponsored studies shifted the overall effect size to-
ward thenull (RR,0.85;95%CI,0.55-1.30; eFigure5 inSupple-
ment 1). Similarly, when analyzed as a subgroup, Roche-
sponsoredstudies also shiftedcloser to thenull (RR,0.68;95%
CI, 0.41-1.15). Additional subgroup analyses revealed no ap-
preciable changes in the point estimates (eFigures 6A-6E in
Supplement 1).

Safety Outcomes
Table2 summarizes the riskofkeyadverseevents.Patientspre-
scribedoseltamivirexperiencedsignificantlymorenausea (RR,
1.43; 95% CI, 1.13-1.82), vomiting (RR, 1.83; 95% CI, 1.28-

Figure 1. PRISMA 2020 FlowDiagram

1276 Web of Science
4643 Records identified from:

1121 Embase
602 Europe PMC
589 OVID MEDLINE
443 PubMed
356 CENTRAL
188 Trialsearch.who.int
68 ClinicalTrials.gov

0 Websites
12 Records identified from:

0 Organizations
12 Citation searching

12 CSRs sought retrieval

2352 Records screened

2291 Duplicate records removed
2291 Records removed before screening

0 Records marked as ineligible 
by automation tools

0 Records removed for 
other reasons

0 Reports not retrieved

12 CSRs assessed for eligibility

4 No hospitalization outcome reported
4 CSRs excluded

34 No hospitalization outcome reported
76 Reports excluded

18 Incomplete study
11 Background article
7 Wrong population
5 Duplicate study population
1 No control arm

2269 Records excluded

83 Reports sought for retrieval

0 Reports not retrieved

83 Reports assessed for eligibility

7 Studies included in review
8 CSRs included in review

This PRISMA flow diagramwas for a systematic review that included searches of databases, registers, and other sources. All records identified by other methods
included CSRs provided by Roche to the British Medical Journal. Abbreviation: CSR, clinical study report.
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2.63), anda composite of gastrointestinal symptoms (RR, 1.21;
95% CI, 1.02-1.45). There was a reduced risk of diarrhea (RR,
0.76;95%CI,0.57-1.00).Theriskofneurologicaldisorders (RR,
1.15; 95% CI, 0.91-1.45) was not statistically higher in the os-
eltamivir group. Oseltamivir was not associated with an in-
crease in serious adverse events comparedwith controls (RR,
0.71; 95% CI, 0.46 to 1.08).

Publication Bias
Visual inspectionof the funnelplot revealedasymmetry;how-
ever, the Egger test was not statistically significant (P = .66;
eFigure 7 in Supplement 1).

GRADE Certainty of Evidence
It was concluded with moderate-certainty evidence that os-
eltamivir had little to no effect on hospitalization. Although

all included studies were RCTs directly evaluating oseltami-
vir, there was imprecision in the estimates due to wide vari-
ability between study results, not all studies were placebo-
controlled, and somestudieswere at riskof bias.Although the
present analysis stratified by risk of bias produced similar es-
timates, these aforementioned factors decreased the present
study’s certainty from strong to moderate.

Discussion
This systematic reviewandmeta-analysisofoseltamivir for the
outpatient treatment of laboratory-confirmed influenza in-
cluded approximately 3400 more patients than prior
analyses.9,11 Despite this, oseltamivirwasnot associatedwith
significantly reducedhospitalization ingeneral or inprespeci-

Figure 2. RandomEffectsMeta-analysis on the Outcome of HospitalizationWithin the ITTi Population Aged 12 Years andOlder

Weight, %

Favors

oseltamivir

Favors

control

0.02 5440.25
RR (95% CI)

Oseltamivir

Yes No

Control

Yes NoStudy RR (95% CI)

Heterogeneity: τ2 = 0; I2 = 0%; H2 = 1.00
Test of θi = θj: Q (14) = 5.79; P = .97
Test of θ = 0: Z = –1.02; P = .31

8.654 276 2 277Beigel et al,12 2020 2.01 (0.37-10.91)
2.421 376 0 231Hayden et al,15 2018 1.84 (0.08-45.01)
14.454 385 5 381Ison et al,14 2020 0.79 (0.21-2.93)
10.232 25 5 24Lin et al,28 2006 0.43 (0.09-2.03)
1.710 7 0 7Roberts et al,29 2019 1.00 (0.02-44.50)

1.610 158 0 161Dorkings,31 1998 1.02 (0.02-51.03)
1.610 124 0 129Dorkings,32 1999 1.04 (0.02-52.02)
11.103 699 4 357McGarty,30 2000 0.39 (0.09-1.71)
3.861 5 1 5Grosse,33 1999 1.00 (0.08-12.56)
8.742 129 4 132McCarvil,34 2000 0.52 (0.10-2.79)

14.273 246 8 253Roche WV15819, WV15876, WV15978,35 2000 0.39 (0.11-1.46)
1.610 119 0 109Roche WV16277,36 2003 0.92 (0.02-45.80)
1.650 19 0 19Dorkings,37 1999 1.00 (0.02-47.97)
1.620 76 0 64Fry et al,27 2014 0.84 (0.02-41.95)
16.487 702 4 674Butler et al,13 2020 1.67 (0.49-5.69)

Overall 0.77 (0.47-1.27)

“Yes” indicates the number of individuals hospitalized, and “No” indicates the number of individuals who were not. Statistical heterogeneity was examined with the
I2 test whereby a value greater than 50%was considered statistically significant heterogeneity.

Table 2. RandomEffectsMeta-analyses on Adverse Events and Serious Adverse EventsWithin the Safety Population

Event type

Oselta-
mivir
frequency

Placebo
frequency RR (95% CI) Heterogeneity, %

P value
for RR RD (95% CI) NNHa (95% CI)

Nausea 374/3892 218/3197 1.43 (1.13 to 1.82) 39.71 .004 0.107 (0.048 to 0.167) 9.3 (6.0 to 21.0)

Vomiting 248/3120 103/2417 1.83 (1.28 to 2.63) 42.81 .001 0.164 (0.088 to 0.239) 6.1 (4.2 to 11.3)

Diarrhea 222/3841 216/3142 0.76 (0.57 to 1.00) 39.72 .05 −0.082 (−0.161 to −0.003) −12.2 (−334.4 to
−6.2)

Gastrointestinal disorders 591/2305 356/1818 1.21 (1.02 to 1.45) 39.40 .03 0.068 (0.009 to 0.126) 14.8 (7.9 to 111.7)

Cardiac disorders 29/1991 32/1505 0.69 (0.42 to 1.15) 0.00 .15 −0.107 (−0.230 to 0.017) NA

Neurological disorders 179/2247 112/1758 1.15 (0.91 to 1.45) 0.00 .25 0.034 (−0.023 to 0.092) NA

Psychiatric disorders 12/2247 16/1758 0.67 (0.29 to 1.53) 0.00 .34 −0.205 (−0.461 to 0.051) NA

Serious adverse events 39/3765 49/3080 0.71 (0.46 to 1.08) 0.00 .11 −0.097 (−0.196 to 0.003) NA

Abbreviations: NA, not applicable; NNH, number needed to harm; RD, risk
difference; RR, risk ratio.

a The NNH value was only reported when the primary effect was statistically
significant.
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fied high-risk subgroups. Interestingly, the subgroup analy-
sis limited to industry-sponsored studies did suggest a
reduced risk of hospitalization in the ITTi population. One
possible explanation is that the industry studies used viral
culture, and it is possible that the PCR used in modern trials
detects milder cases with lower viral loads and/or residual
nonviable virus when compared with viral culture. Another
possibility includes Roche’s allowance of a 4-fold rise in
antibody responses to confirm infection. There is evidence
that oseltamivir may reduce seroconversion and therefore
patients hospitalized with negative serology in the oseltami-
vir group may have been misclassified as noninfected.24 A
final explanation could be the lower prevalence of oseltami-
vir resistance when industry studies were conducted. Since
that time, a greater than 10-fold rise in resistance has been
observed (0.32% in the early 2000s to 3.56% between 2008
and 2013).38,39 Nonetheless, many of these industry trials
only came to light after a legal challenge, and it is reason-
able to look at the evidence in total. It was reassuring that
there was no increase in severe adverse events observed
despite oseltamivir being strongly associated with an
increased risk of gastrointestinal adverse effects (nausea
and vomiting).

Based on the present analyses, it appeared unlikely that
administration of oseltamivir to a general outpatient popu-
lation had a meaningful effect on serious influenza-related
outcomes culminating in hospitalization. That said, it
should be noted that the rate of hospitalization was exceed-
ingly low, with a control event rate of 0.6% (95% CI, 0.14%-
1.07%). For oseltamivir to continue to be part of a viable
influenza response with respect to preventing severe
complications, future studies should focus on identifying
the groups of higher-risk participants, with laboratory-
confirmed influenza, who may derive benefit. Conducting
an adequately powered trial would require a large sample
size; however, given millions have received oseltamivir,
such a trial doesn’t seem unreasonable. As examples, we
modeled 2 possible scenarios. First, if the risk of hospital-
ization is very low (eg, approximately a 1% rate as observed
in the general population),40 a study of 30 716 participants
would be required to demonstrate a 30% relative risk reduc-
tion with 80% power and 2-sided α = .05. By comparison, to
conduct a trial focused on patients at greater risk of hospi-
talization, (eg, the 2% event rate among this population in
the present analysis), 15 232 participants would be required.
To succeed at recruitment, such trials would need to either
take place during an epidemic or pandemic year or over sev-
eral years of seasonal influenza. Though the required sample
size is large, it is potentially achievable; PANORAMIC (Plat-
form Adaptive Trial of Novel Antivirals for Early Treatment
of COVID-19 in the Community) recruited 25 783 participants
for early outpatient COVID-19 treatments between December
8, 2021, and April 27, 2022.41

Limitations
The present meta-analysis had several limitations. First, we
analyzed CSRs together with published and nonindustry
trials; these differed in the time frame over which they took

place, the mechanism for diagnosing infection, and the
granularity of the data included. Second, the mean age of
the patients was young (mid-40s) and the rate of hospital-
ization was low. This might have limited the power to detect
an effect but also implies that any missed effect would have
a very high number needed to treat. We also chose a priori
to analyze first hospitalization, whereas others have in-
cluded readmissions.24 This difference, and the inclusion of
the newer trials, should be factored in when comparing
these results with prior analyses. Similarly, we excluded
patients assigned to high-dose oseltamivir as this is not the
approved dosing and therefore is less clinically relevant.
Third, although the present search methods were robust,
there is always the possibility that some studies, particu-
larly unpublished ones, were missed. Fourth, we did not
study symptomatic improvement, which, along with the
associated outcome of return to work, could be important
during a pandemic. Prior studies have reported small
improvements in symptom duration (16.8-25.2 hours).9,11

Whether this decrease is meaningful when compared with
medication costs, an increase in nonsevere adverse events,
and the opportunity cost of missing out on the discovery of
more effective therapies is a topic of study for health care
economists and could be discussed on an individual patient
basis. Finally, we excluded observational data from the pres-
ent analysis. While observational data can contribute larger
numbers of patients, and the data can be more affordable
and faster to access, it is also subject to substantial biases
(eg, immortal time bias, confounding by indication, residual
confounding), which make it unsuitable for evaluating
medication efficacy even with the most robust statistical
methods.42

To our knowledge, this is the first systematic review and
meta-analysis focusing on oseltamivir specifically for the
reduction of all-cause hospitalization, an important outcome
to prevent overwhelming health care systems. Given many of
the adverse effects of oseltamivir can overlap with symptoms
of influenza, we thought it important to study all-cause hos-
pitalization, rather than influenza-related hospitalizations,
which would overlook complications related to the medica-
tion’s adverse effects. This is particularly relevant for older
high-risk adults where seemingly mild gastrointestinal
adverse effects might still increase the risk of hospitalization
through anorexia and dehydration.

Conclusions
Based on the available RCTdata in this systematic reviewand
meta-analysis, there is a lack of convincing evidence that os-
eltamivir reduces seriouscomplications inoutpatientswith in-
fluenza, though its use is associated with an increase in non-
severe gastrointestinal adverse events. This meta-analysis
provides important data for clinicians, patients, and policy
makers to contextualize the evidence and inform guidelines.
Future research should focus on the conduct of an ad-
equately powered placebo-controlled trial in a suitably high-
risk population.
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