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Abstract

Background: Peramivir offers a single-dose intravenous (V) treatment option for in-
fluenza (vs 5-day oral dosing for oseltamivir). We sought to compare outcomes of
emergency department (ED) patients at high risk for influenza complications treated
with IV peramivir vs oral oseltamivir.

Methods: During the 2015-16 and 2016-17 influenza seasons, adult patients in
two US EDs were randomized to either oral oseltamivir or IV peramivir treatment
group. Eligibility included positive molecular influenza test; met CDC criteria for an-
tiviral treatment; able to provide informed consent and agree to follow-up assess-
ment. Outcomes were measured by clinical end-point indicators, including FLU-PRO
Score, Ordinal Scale, Patient Global Impression on Severity Score, and Karnofsky
Performance Scale for 14 days. Non-inferior t test was performed to assess compara-
tive outcomes between the two groups.

Results: Five hundred and seventy-five (68%) of 847 influenza-positive patients were
approached. Two hundred and eighty-four met enrollment criteria and 179 were
enrolled; of these 95 (53%) were randomized to peramivir, and 84 to oseltamivir.
Average FLU-PRO score at baseline was similar (peramivir: 2.67 vs oseltamivir: 2.52);
the score decreased over time for both groups (day 5: peramivir: 1.71 vs oseltamivir:
1.62; day 10: peramivir: 1.48 vs oseltamivir: 1.37; day 14: peramivir: 1.40 vs oseltami-
vir: 1.33; all P < .05 for significantly non-inferior). Influenza-related complications
were similar between two groups (All: peramivir: 31% vs oseltamivir: 21%, P > .05;
pneumonia: peramivir: 11% vs oseltamivir: 14%, P > .05).

Conclusions: Clinical outcomes of influenza-infected patients treated with single-
dose IV peramivir were comparable to those treated with oral oseltamivir, suggesting

potential utility of peramivir for influenza-infected patients in the ED.
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1 | INTRODUCTION

Seasonal influenza causes up to 959 000 hospitalizations and
79 400 deaths in the United States annually since 2010.%2 As the
frontline of the health care system, emergency departments (EDs)
see up to three quarter of a million patients during each influenza
season.*® The Centers for Disease Control and Prevention (CDC)
recommends that people infected with influenza should receive
antiviral treatment, to decrease the occurrence of severe complica-
tions and shorten the course of iliness, especially for those at high
risk of influenza complications. This includes young children, adults
65 years of age and older, pregnant women, and people with certain
co-morbid medical conditions.®”’ Currently, there are four Food and
Drug Administration (FDA)-approved antiviral drugs for treatment
of influenza, including three influenza virus neuraminidase inhibitor
(oseltamivir, zanamivir, and peramivir) and one polymerase acidic
protein inhibitor (baloxavir).®

Since the 2003-2004 influenza season, oseltamivir has been the
predominant antiviral drug used for ambulatory care patients, includ-
ing those who come to the US EDs, with a diagnosis of influenza.?
However, requirement for a 5 day, twice a day oral dosing regimen,
make alternate antiviral drugs more appealing for both clinicians and
patients, particularly those seen in acute care setting such as EDs,
where filling and adhering with medications is well known to be chal-
lenging. Several alternative, single-dose medication options remain
under investigation for ED use, but each has limitations. Zanamivir,
which exists as a powder in an inhaled form in the United States, has
similar efficacy to oseltamivir, but it is not generally recommended
for people with asthma or chronic obstructive pulmonary disease
according to CDC8; baloxavir which was recently approved in the
United States by FDA in October 24, 2018,'° 15 months after the
end of our study, is restricted to use in those >12 years old and
has not been studied in those >65 years old, pregnant, or lactating
women.? In addition, there are concerns of rapid emergence of resis-
tance to the use of baloxavir.'1? These leaves peramivir, which can
be used in patients 22 years old, as a potential favorable alternative
candidate antiviral drug for treating ED patients with influenza.

Peramivir, a neuraminidase inhibitor agent with the same mech-
anism of action as oseltamivir, has been demonstrated to have activ-
ity against both influenza A and B viruses, and shorten duration of
influenza symptoms for outpatient adults with uncomplicated influ-
enza.'®!* Several studies previously demonstrated both safety and
non-inferiority of peramivir hospitalized patients and outpatients
with influenza.*®%%% A multinational, multicenter, double-blind
randomized trial in East Asia showed that the duration of influenza
symptoms in adult influenza-infected patients treated with a single
dose of 300 mg of IV peramivir, or 600 mg of peramivir was non-infe-
rior to that treated with 5-day twice a day oseltamivir. The incidence

of severe adverse events by peramivir was similar to oseltamivir.'®

de Jong and colleagues conducted a trial in hospitalized patients
with suspected influenza randomized to 5-day treatment with intra-
venous peramivir (600 mg once daily) or placebo; all received the
institution's standard of care treatment. That also showed that no
difference in median time to clinical resolution between the two
groups. However, there was a trend toward a shorter time to clinical
resolution in 24 of 5 vital sign abnormalities (temperature, oxygen
saturation, respiration rate, heart rate, and systolic blood pressure)
for 24 hours, among those who required intensive care who received
peramivir (vs oseltamivir).X® In another small randomized trial of 92
adult inpatients and outpatients with high-risk factors, the results
also showed that patients treated with single-dose 600 mg perami-
vir had similar outcomes with regard to time to reduce fever, total
symptom scores, and virus titer as compared to those treated with
orally administrated oseltamivir (75 mg, twice per day for 5 days).*
Accordingly, CDC includes peramivir as a recommended agent,
which can be administered intravenously which should be consid-
ered for patients who cannot tolerate or absorb orally or enterically
administered oseltamivir.” Given that only one-dose via intravenous
(IV) is required for use of peramivir for influenza treatment, the
agent might be a welcome alternate antiviral in acute episodic set-
ting such as EDs; further during future influenza seasons (or during
a pandemic) it is possible that selectively increased resistance to os-
eltamivir (vs peramivir) could occur.” To date, there are no studies
comparing the outcome of ED patients treated with peramivir vs os-
eltamivir patients considered at high risk for influenza complications.

We sought to determine the outcomes and safety of peramivir
vs oseltamivir in patients diagnosed in the ED with influenza, who
are at high risk for influenza complications according to CDC risk
criteria. Data for this analysis were collected from a pilot randomized
controlled trial intended to evaluate the practical feasibility of en-
rolling subjects for influenza therapeutic trials in the ED setting. The
outcomes of antiviral treatment were measured using several clin-
ical end-point indicators, including FLU-PRO Score, Ordinal Scale,
Patient Global Impression on Severity (PGIS) Score, and Karnofsky
Performance Scale, collected via patient's daily diaries and phone

follow-ups.

2 | METHODS

An open-label randomized controlled clinical trial was conducted at
two academic EDs: The Johns Hopkins Hospital (JHH), Baltimore,
Maryland, and Maricopa Medical Center (MMC), Phoenix, Arizona.
ED patients who tested positive for influenza (see below) during
their ED encounter were randomized to receive either oral oseltami-
vir or IV peramivir antiviral treatment.

Eligible patients were those (a) 18 years or older; (b) with an ED

positive influenza test by rapid molecular influenza assay (GeneXpert
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Flu/RSV; Cepheid); (c) meeting the 2011 CDC criteria for antiviral
treatment; (d) with symptoms onset of less than 96 hours; (e) able to
provide informed consent; and (f) expressed willingness to comply
with all study procedures including follow-up requirements (com-
pleting daily diary logs and available for phone calls with a study co-
ordinator). A patient was considered ineligible if (a) they did not speak
or understanding English (JHH); or English or Spanish (MMC site); (b)
unable or unwilling to provide informed consent; (c) previously en-
rolled in the study during the current influenza season; (d) unable to
take oral medication; (e) using any neuraminidase inhibitors within
the past 7 days; (f) known allergic reaction to neuraminidase inhib-
itors; (g) pregnant or breastfeeding; and (h) having end-stage renal
disease, end-stage liver disease, glucose-6-phosphate dehydroge-
nase (G6PD) deficiency, or immunodeficiency. Dedicated trained
study coordinators recruited eligible patients 24 hours a day, 7 days a
week from 11/2015-04/2016 (JHH only) to 11/2016-04/2017 (JHH
& MMC). Study coordinators first screened all ED patient charts to
identify patients who had a positive laboratory-confirmed rapid PCR
influenza test, then approached potentially eligible patient to gauge
their interest in participating in the study and to determine if the
patient met eligibility criteria before conducting written informed
consent. Potentially eligible patients were approached for the study
when the positive result of rapid molecular influenza test came back.
All Emergency Medicine physicians were trained by the site PI, on
study protocol and procedures, completing and signing a Statement
of Investigator, Form FDA 1572. A study trained physician provided
written informed consent to patients who were eligible and ex-
pressed interested in participating, explaining the risks and benefits
of the study to the patient and ensuring that the patient understood
all aspects of the study (study coordinators were present with the
physician, to assist where needed). Consented patients were ran-
domized to oral oseltamivir or IV peramivir treatment group using an
internet-based computerized randomization system (www.random.
org) without a block randomization design but with an intent of 1:1
ratio. The random number generated for each consented patient was
an independent event and independent by site. The randomization
was not stratified by the study site. Since this study was intended to
evaluate the practical feasibility of enrolling subjects for influenza
therapeutic trials in the ED setting, the sample size of 50-150 sub-
jects sample size was determined in collaboration with the funder
(Department of Health and Human Services Office of the Assistant
Secretary for Preparedness and Response/Biomedical Advanced
Research and Development Authority) to be adequate for this pilot
effort which is being conducted specifically to examine the feasibil-
ity of achieving higher recruitment rates than has historically been
achieved in other clinical venues, and the ability to reliably collect
useful therapeutic end-point data from an ED enrollment site.

Both oseltamivir and peramivir were dosed based on creatinine
clearance (CrCl) results which was calculated using the Cockcroft
Gault equation; 30 mg once daily, 30 mg twice daily or 75 mg twice
daily of oseltamivir for 5 days or 100 mg, 200 mg, 600 mg of one-
time IV peramivir. Both groups received the first dose of antiviral

treatment in the ED following randomization. For the oseltamivir
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group, patients were instructed to take the remaining doses on the
subsequent 4 days, either inpatient or outpatient, based on dispo-
sition from the ED attending. For the peramivir group: for patients
who were discharged from the ED, no further study drug was ad-
ministered; for patients admitted to the hospital from the ED, the
inpatient treating provider was given the option to choose to con-
tinue administering IV peramivir, based on their clinical discretion.
An investigator from the study team gave the inpatient treating pro-
vider information about the study, including information on how to
continue IV peramivir at the same dose for each subsequent day for
up to 4 days. If a participant remained in the hospital beyond 5 days
of treatment, and the patient was symptomatically better, treatment
stopped. If the patient remained hospitalized after 5 days of treat-
ment and had not improved, the treating provider was given the op-
tion to continue IV peramivir daily for another 5-day course (with
consultation as requested from a 24/7 on-call infectious disease
specialist and pharmacist, to assist with decision-making). Treatment
with peramivir was discontinued upon discharge from the hospital
for all participants in the IV peramivir arm.

As a secondary objective, we created a repository of residual
nasopharyngeal samples from ED patients with suspected influ-
enza illness for purposes of future laboratory analysis of new assays
with potential interest for characterizing patients with influenza.
Specimens were collected by clinical staff at day 1 (baseline) accord-
ing to standard of care practice and at day 3 (under a research pro-
tocol) using a flocked swab and universal viral transport media. Day
1 specimen was first testing for clinical purposes by Xpert Flu, and
the remaining specimen was transported to, frozen and stored at the
central study laboratory at JHH for future analysis. For the day 3
specimen, the entire specimen was transported to, frozen and stored
at the central laboratory at JHH for future analysis (see below). The
study was approved by the IRB at each of the participating institu-
tions. This study was registered as protocol: NCT02609399 at clin-
icaltrials.gov.

Outcomes of antiviral treatment were measured by the validated
FLU-PRO score,'® a 32-question clinical end-point indicator (scale
1-5 for each question) from enrollment (day 1) for 14 days via pa-
tients' daily diary. Influenza disease severity was also assessed by
PGIS, whereby participants rated their influenza symptoms ranging
from no symptom (score 0), mild symptoms (1), moderate symptoms
(2), or severe symptoms (3) at the time of enrollment, day 7 and
28.1%29 Clinical status of the participants was evaluated by a validated
6-step Ordinal Scale (1-6) from the day of ED or hospital discharge
as: return to normal activities, 1 point; discharged but not back to
normal activities, 2 points; Non-ICU hospitalization, 3 points; ICU
without mechanical ventilation, 4 points; ICU with mechanical ven-
tilation/ ECMO, 5 points; and death, 6 points.?* For any patient who
was discharged where the status of back to normal activities was
unknown for any particular day, the Ordinal Scale for that day was
conservatively coded as “2 points”. If the patient reported returning
to normal activities the previous day, and reported normal activities
the day after then the Ordinal Scale was coded as “1 point”. Physical

function of the participants was assessed for 14 days by daily diary
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[ Enrollment ]

ED Patients with Influenza Infection (n = 847)

Excluded (n = 272)

¢ Not approached (n = 272)

ED Patients Approached (n = 575)

Excluded (n = 291)

4 did not meet enrollment criteria (n = 291),

ED Patients Met Enrollment Criteria (n = 284)

Declined (n = 98)

. | ¢ did not like to be in a research (n = 73)

"| ¢ felttoo sick to be in a study (n = 21)

ED Patients Consented (n = 186)

¢ other (n=4)

Excluded (n = 6)

o | ¢ Screen Failure (n = 4)

| ¢ Patientleft ED (n = 1)

Randomized (n = 180)

4 other(n=1)

v
v [ Allocation ] v
Allocated to Peramivir Group (n = 95) Allocated to Oseltamivir (n = 85)
+ Received intended dosage of peramivir in the ED + Excluded due to ineligible after randomization (n = 1)
(n=095) + Received first dose of oseltamivir in the ED (n = 84)
+ Completed intended single-dose peramivir (n = 95) + Completed intended 5-day regimen & dosages(n = 69)
+ Received additional oseltamivir treatment during + Did not receive all intended dosage (n = 8)
hospitalization (n = 7) + Unsure completion of intended 5-day regimen (n = 7)
[ Follow-Up ] v

Chart review to day 28 (n = 95)

Follow up at any day from day 1 — 28 (n = 95)
Lost to follow-up

e atday1(n=7)

¢ atday 3 (n=18)

¢ atday 7 (n = 25)

¢ atday 14 (n = 27)

¢ atday 28 (n=9)

Chart review to day 28 (n = 84)

Follow up at any day from day 1 — 28 (n = 83)
Lost to follow-up

¢ atday 1 (n=5)

¢ atday 3 (n=14)

¢ atday 7 (n=18)

¢ atday 14 (n = 27)

¢ atday 28 (n=12)

[ Analysis ]

J

Analyzed (n = 95)

+ Excluded from analysis (n = 0)

FIGURE 1 Diagram of study design and patient enrollment

reports using the Karnofsky Performance Scale, which ranges from
0 to 100, with higher scores indicating better performance status.??
For this pilot feasibility phase of the study, all of follow-ups after the
participant's discharge from the ED or hospital were conducted by
study coordinators by phone.

We evaluated specimens from our biorepository for any pa-
tients in whom we were able to collect paired nasopharyngeal swab
specimens (at both day 1 and 3) using a feature of the Cepheid

Analyzed (n = 84)
+ Excluded from analysis
Ineligible after randomization (n = 1)

GeneXpert® Xpress Flu/RSV real-time PCR assay which permitted
us to assess the cycle threshold (C,) values, as a semi-quantitative
approach to infer influenza viral load from any particular sample.
Analysis of C, values using this approach was demonstrated previ-
ously to inversely reflect the amount of influenza viral RNA present
in the sample.?® A C, value of 40 for influenza A or B viruses was
considered as an undetectable viral load for influenza A or B virus,

respectively.
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TABLE 1 Characteristics of 179 emergency department patients with influenza enrolled in the influenza therapeutic study

Total No. Peramivir group  Oseltamivir group
Characteristics Category N =179 N =95 N=284 P-value
Age (years) 18-34 43 (24.0) 22(23.2) 21(25.0) .824
35-49 45(25.1) 25(26.3) 20(23.8)
50-64 66 (36.9) 33(34.7) 33(39.3)
265 25 (14.0) 15(15.8) 10(11.9)
Sex Male 73 (40.8) 37(38.9) 36 (42.9) .595
Female 106 (59.2) 58 (61.1) 48(57.1)
Race African American 120 (67.0) 60 (63.2) 60(71.4) 4552
White 50(27.9) 9(30.5) 21(25.0)
Other 9 (5.0) 6(6.3 3(3.6)
Ethnicity Hispanic 29 (16.2) 9 (20.0) 10(11.9) 142
CDC-defined high risk Intent to admit to observation unit 69 (38.5) 5(36.8) 34 (40.5) 618
or admission
Complications - pneumonia 12 (6.7) 3(3.2) 9(10.7) 0692
Age 65y or greater 25 (14.0) 15(15.8) 10 (11.9) 454
Chronic pulmonary disease 108 (60.3) 59 (62.1) 49 (58.3) 607
Chronic cardiovascular disease 41 (22.9) 24 (25.3) 17 (20.2) 425
Chronic renal disease 8 (4.5) 4(4.2) 4 (4.8) 1.000°
Chronic hepatic disease 23(12.8) 12 (12.6) 11 (13.1) 926
Chronic hematologic disease 7 (3.9) 3(3.2) 4 (4.8) .708°?
Chronic metabolic disease 57 (31.8) 33(34.7) 24 (28.6) 377
Chronic neurologic disease 22(12.3) 14 (14.7) 8(9.5) .289
Immunosuppression 15 (8.4) 7 (7.4) 8(9.5) .604
Pregnancy 0(0.0) 0(0.0) 0(0.0) NC
Morbid obesity 25 (14.0) 13(13.7) 12 (14.3) .908
Resides in nursing home 2(1.1) 1(1.1) 1(1.2) 1.000°
Native American 2(1.1) 1(1.1) 1(1.2) 1.000°
Influenza vaccination No vaccination 101 (56.4) 57 (60.0) 44 (52.4) 4152
Within last 2 wk 6(3.4) 4(4.2) 2(2.4)
More than 2 wk 72 (40.2) 4 (35.8) 38 (45.2)
Symptoms Subjective fever 140 (78.2) 75(78.9) 65 (77.4) .800
Documented fever 71(39.7) 3(34.7) 38 (45.2) 152
Cough 168 (93.9) 0(94.7) 78(92.9) .601
Headache 113 (63.1) 62 (65.3) 51(60.7) .529
Short of breath 134 (74.9) 9(72.6) 65 (77.4) 465
Sore throat 89 (49.7) 50 (52.6) 39 (46.4) 408
Rhinorrhea 102 (57.0) 57 (60.0) 45 (53.6) .386
Congestion 98 (54.7) 49 (51.6) 49 (58.3) .365
Sinusitis 72 (40.2) 40 (42.1) 32(38.1) .585
Onset of symptoms Within 2 d 79 (44.1) 39 (41.1) 40 (47.6) .598
3d 46(25.7) 27 (28.4) 19 (22.6)
4d 54(30.2) 29 (30.5) 25(29.8)
NEWS score 0 18(10.1) 9(9.5) 9(10.7) 1657
1-3 111 (62.0) 54 (56.8) 57 (67.9)
4-6 41(22.9) 8(29.5) 13(15.5)
>6 9 (5.0) 4(4.2) 5(6.0)
ED disposition Admit 65 (36.3) 4(35.8) 31(36.9) .877

Abbreviation: NC: Not calculated.
Fisher's exact test.
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FLU-PRO Symptom Severity Score

0 L L L

FIGURE 2 FLU-PRO symptom severity
score for the 14 d of follow-up by antiviral
treatment group. The blue diamonds
represent the lower and upper bound of

a 95% confidence interval of each point
estimate of the FLU-PRO value of patients
in the oseltamivir group; the red bars
represent the lower and upper bound of

a 95% confidence interval of each point
estimate of the FLU-PRO value of patients
in the peramivir group

Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10 Day 11 Day 12 Day 13 Day 14

Numbers
Oseltamivir: 79 72 70 65 69 64 66 60 56 55
Peramivir: 88 86 77 78 72 75 70 72 69 72

Descriptive data analysis was performed first, followed by chi-
square tests to determine the differences between the two treatment
groups with regard to socio-demographic and clinical characteris-
tics at baseline. Adherence to the assigned treatment regimen was
defined as required peramivir or oseltamivir dosages that a patient
received recorded in the chart (peramivir or oseltamivir group), or
reported during the follow-up by the patient if he or she was dis-
charged (oseltamivir group). Chi-square tests were then performed
to determine the differences in adherence, complications, and rele-
vant side effects between the two groups. T test for non-inferior-
ity was performed to determine daily outcome measures using the
original full dataset. For this, P < .05 indicated that the outcome of
peramivir treatment was not inferior to that of oseltamivir. To exam-
ine the impact of missingness of each outcome of antiviral treatment
during the follow-up, sensitivity analyses were performed. We per-
formed the non-inferiority tests for 15 multiple-imputed datasets
for each outcome of antiviral treatment by each time point, using
the same approach described above. All data analyses were based

on intent-to-treat analysis.

3 | RESULTS

Overall, 847 patients with laboratory-confirmed influenza were
seen at the ED sites during the study period. Among them, 575 (68%)
were approached by the study coordinator, 284 (49%) of those met
study enrollment criteria. Among those eligible, 186 (65%) provided
consent, and 180 were enrolled and randomized (Figure 1). After ex-
cluding one patient who was determined to be ineligible following
enrollment, a total of 179 ED patients with influenza were analyzed,
including 58 and 121 ED patients during influenza season 2015-
2016 and 2016-2017, respectively. The majority were female (59%)
and African American (67%) with a median and mean age of 50 years
(interquartile range: 36-57 years) and 47.4 years (standard deviation:
15.0 years; range 19-80 years). The most common CDC-defined

higher risk for influenza complications was chronic pulmonary

55 55 57
62 69 68

disease (60.3%), followed by intent to admission (38.5%), chronic
metabolic disease (31.8%), chronic cardiovascular disease (22.9%),
aged of 65 years or older (14.0%), and morbid obesity (14.0%). There
were 121 (67.6%) participants with more than one CDC-defined
higher risk. There were more than 50% of enrollees who had onset
of symptoms for more than 48 hours (n = 100, 55.9%). 135 (75%)
patients were infected with influenza A virus and 44 (25%) with in-
fluenza B virus. 95 (53%) patients were randomized to the peramivir
treatment arm and 84 to the oseltamivir treatment arm. There were
no statistical differences between the peramivir and oseltamivir
treatment groups, including co-morbidities listed by CDC (Table 1).
The percentage of the influenza A virus infection was 73.7% in the
peramivir group and 77.4% in the oseltamivir group (P = .567). The
percentage of the inpatient admission in two groups was similar (per-
amivir: 35.8% vs 36.9%, P = .877). All 95 patients in the IV peramivir
group received intended dosage of antiviral medication (Figure 1).
On the other hand, approximately, 20% of patients who received os-
eltamivir did not receive the intended antiviral dosage (n = 8, 9.5%)
or we did not know their adherence information (n = 7, 8.3%). There
was a statistical different between two groups (P < .001). There
were six patients in the peramivir treatment group who received
peramivir in the ED and then received additional oseltamivir treat-
ment during hospitalization. There were seven patients in the per-
amivir treatment group who received additional peramivir dosages
during hospitalization (three with one additional dosage of peramivir,
two with two, and two with four) while there was one patient in the
oseltamivir treatment group who received one additional dosage of
oseltamivir during hospitalization (Figure 1).

For assessment of outcome measurement, chart review was per-
formed on all 179 participants (peramivir: 95; oseltamivir: 84) and
daily follow-ups for peramivir and oseltamivir groups were obtained
from 88 and 79 participants (day 1), 77 and 70 patients (day 3), 70
and 66 patients (day 7), 68 and 57 patients (day 14), and 86 and 72
patients (day 28), respectively (Figure 1). The average FLU-PRO
score at baseline was similar between the two groups (peramivir:

2.67 vs oseltamivir: 2.52) and scores consistently decreased over
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time for both groups (day 5: peramivir: 1.71 vs oseltamivir: 1.62; day
10: peramivir: 1.48 vs oseltamivir: 1.37; day 14: peramivir: 1.40 vs
oseltamivir: 1.33; all P < .05 for significantly non-inferior) (Figure 2).
PGIS score at baseline was also similar between the two groups
(moderate or severe symptoms: peramivir: 82% vs oseltamivir: 84%)
and the score decreased over time for both groups (day 7: peramivir:
27% vs oseltamivir: 18%; day 28: peramivir: 2% vs oseltamivir: 7%)
(Figure 3). Regarding patient's clinical status, Ordinal Scale scores
declined from day 1 to 14 for both groups (day 1 - peramivir: 3.0 vs
oseltamivir: 3.0; day 7 - peramivir: 1.6 vs oseltamivir: 1.4; day 14 -
peramivir: 1.3 vs oseltamivir: 1.3; all P < .05 for significantly non-in-
ferior) (Figure 4). At the same time, the Karnofsky performance scale
measures increased for both groups (peramivir: 58.4 vs oseltami-
vir: 57.0) from the high 50s at day 1, to approximately 80 at day 5
(peramivir: 77.4 vs oseltamivir: 80.0) and approximately 90 at day
14 (peramivir: 89.1 vs oseltamivir: 91.8) (Figure 5). Daily Karnofsky
performance scale of the peramivir group was not inferior to that of
the oseltamivir group except for at day 7 (78.5 vs 87.4) and 8 (81.1
vs 86.8). Results of sensitivity analysis showed the same results that
the outcomes of peramivir group were not appreciably worse than
those in oseltamivir group except for Karnofsky performance scale
at day 7 (data not shown). Clinical course of the peramivir group was
not inferior to that of the oseltamivir group by ED disposition (admis-
sion or discharge) evaluating by daily FLU-PRO, Ordinal Scale, PGIS
score or Karnofsky performance scale except for at day 6 and 7 for
hospitalized patients. Of note, there were no statistical differences
in these four indicators between those with onset of symptoms
greater 2 days and those less than 2 days, by treatment group, ex-
cept for day 2 Ordinal Scale in oseltamivir group (onset <2 days: 2.7
vs >2 days: 2.5, P =.034).

Regarding patients with more than one CDC high-risk factor for
an influenza complication, they did not fare worse than those with
only one factor by either group in the PGIS score and the Ordinal
Scale score by day. However, they reported their physical activities
were worse than those with only one factor in the Karnofsky per-
formance scale by both treatment groups in most of days followed
(peramivir: day 2-11; oseltamivir: day 2-3, day 7-10, day 12-13). On

Day 28
(n=73)

Day 7
(n=61)

Day 1
(n=83)

Oseltamivir

Day 28
(n=87)

Day 7
(n=70)

Peramivir

Day 1
(n=95)
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the other hand, they reported their symptoms were getting much
better on certain days after enrollment according to their FLU-PRO
score than those with only 1 factor (peramivir: day 5, day 8-11; osel-
tamivir: day 2-3). Regarding the impact of medical history of chronic
pulmonary diseases on the study outcomes, patients treated with
oseltamivir who had chronic pulmonary diseases did not fare worse
than those without chronic pulmonary diseases, according to their
FLU-PRO, PGIS score, Ordinal Scale score, or the Karnofsky perfor-
mance scale by day. The same trend was observed in the peramivir
group, with the exception of the Karnofsky performance scale be-
tween day 2 to 7, and at day 10. Regarding the impact of medical
history of metabolic diseases, there were no differences in Ordinal
Scale score in either treatment group. There were also no differ-
ences in terms of inferiority in other three indicators for the majority
of days patients were followed in either group (data not shown).
Among the 17 paired samples, 10 were in the oseltamivir group
and seven were in the peramivir group. One patient in the oseltami-
vir group had an undetectable viral load at both time points, even
though clinical testing by Xpert Flu at the enrollment was positive
with influenza A virus. Of note, before coming to the study ED, this
patient had symptoms of shortness of breath, fever and chill for
3 days and had been diagnosed with pneumonia and treated with an-
tibiotics in another hospital the day before. This patient also tested
positive for a second pathogen, respiratory syncytial virus, at the
time of enrollment and with testing of aliquoted samples from day
1 and 3. Of the remaining 16 patients, influenza viral load at day 3
dropped to undetectable (ie, C, = 40) in nine patients (peramivir: 3;
oseltamivir: 6) (Figure 6). Of the remaining seven patients, C, values
significantly increased from day 1 to 3 in all seven patients (perami-
vir: 4; oseltamivir: 3). On average, the C, values for the peramivir
group and oseltamivir group were 26.3 and 27.2 at day 1, respec-
tively and were 35.8 and 38.0 at day 3, respectively.
Influenza-related complications were similar between the two
groups (peramivir: 30.5% vs oseltamivir: 21.4%). The most common
complication was the requirement for oxygen supplement (perami-
vir: 23.2%; oseltamivir: 21.4%), followed by pneumonia (perami-
vir: 11.6%; oseltamivir: 14.3%) and admission to ICU (peramivir:

0%
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ical diagnosed secondary bacterial pneumonia by treatment group
(peramivir: 5.3%; oseltamivir: 4.8%, P = .878). One patient in the |V
peramivir group had a myocardial infarction but none needed extra-
corporeal membrane oxygenation or had a stroke. There were no
deaths occurring in either group of patients during the 28-day fol-
low-up period.

Overall, there were a total of 311 adverse events reported
(peramivir: 159, oseltamivir: 152), which included 14 serious adverse
events from 116 patients (peramivir: 61, oseltamivir: 55). Among
them, 186 (peramivir: 90, oseltamivir: 96) or (1.04 event per patient;
peramivir: 0.95; oseltamivir: 1.14) were related to the study products
from 87 patients (peramivir: 43, oseltamivir: 44), but none of these
were categorized as serious adverse events. The most common
relevant adverse event for the peramivir group patients was diar-
rhea (n = 28, 31.1%), followed by insomnia (14.4%), nausea (12.2%),
vomiting (11.1%) and vertigo (11.1%) while diarrhea (n = 25, 26.0%)
was the leading relevant adverse event for the oseltamivir group
patients, following by nausea (17.7%), vomiting (15.6%), insomnia
(11.5%), and vertigo (7.3%).

In this first ED-based randomized controlled influenza therapeutic
clinical trial that fully enrolled, randomized, and initiated antiviral
treatment intervention in EDs to compare outcomes of patients
treated with IV peramivir vs a 5 day of oral oseltamivir, we found
that the regimens were similar with regard to patient's self-reported
relief of influenza symptoms, reduction of functional impairment, as
well as the rates of adverse and severe adverse events, for influenza-
infected CDC categorized “high-risk” patients. Consistent with prior
peramivir vs oseltamivir randomized trials in hospitalized or outpa-
tients, our trial in ED patients provides similar findings with regard
to the clinical efficacy and safety of the use of single-dose IV per-
amivir.'31%16 To the best of our knowledge, this study provides the
first evidence-based findings for use of IV peramivir in patients who
present to an ED setting. As the majority of patients who are consid-
ered high risk for influenza complications receive intravenous lines
as part of their ED care, the added burden of administration of IV
peramivir would be unlikely to have a significant negative effect on

ED staff work burden, or ED patient flow.
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FIGURE 6 Influenza virus cycle threshold (C,) values at day

1 and 3 among 17 influenza-infected participants by antiviral
treatment group. Influenza virus cycle threshold (C,) value, which is
inversely proportional to the amount of influenza virus nucleic acid
target in the sample, represents the number of cycles it takes to
yield a positive value in quantitative Cepheid GeneXpert® Xpress
Flu/RSV real-time PCR assay. A C, value of 40 for influenza virus
testing was considered as an undetectable viral load for influenza
virus. Each red line represents specific individual participant who
was in peramivir treatment group and each blue line represents
participant who was in oseltamivir treatment group. * Clinical
testing by Xpert Flu at the enrollment (day 1) for this patient was
positive with influenza A virus. A C, value of 40 of the aliquoted
stored clinical specimen by the Cepheid GeneXpert® Xpress Flu/
RSV real-time PCR assay indicated the possible degradation of the
archived sample

In this study, we employed several validated symptom, disease
severity, clinical, and physical functionality indexes to evaluate the
outcomes associated with peramivir and oseltamivir treatment. All of
them pointed to the same conclusion, namely that influenza symptoms
were mitigated, disease severity decreased, and clinical and physical
functionality improved over time with single-dose IV peramivir admin-
istered in the ED; further these outcomes were functionally similar to
those observed among the group treated with a 5-day course regimen
of oseltamivir. This finding, supports findings from previously obser-
vational studies conducted in non-ED studies,***> but also provides
important direct data for ED clinicians, to support consideration of
single-dose treatment for influenza-infected patients at increased risk
for influenza-related complications as an alternative to oral oseltamivir.
Given the busy, episodic nature of the ED, and the fact that compliance
with medications at the time of discharge in some ED populations may
be challenging, this additional therapeutic option may be appealing to
ED providers and patients. It is important to note, however, that the
current costs of peramivir are 6-time higher than a 5-day course of
oseltamivir.2* Further investigations are thus warranted, taking into
account issues of adherence to oseltamivir, and assessment of other
factors that could be impacted by treatment compliance, including
emergence of resistant strains and spread of partially treated disease
in the community.

As noted above, one of the potential advantages of the use of a

single-dose regimen of antiviral medication for influenza treatment, is
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that patients might be less likely to adhere to a multiple-day multiple
dosages (eg, 5-day course of oseltamivir).?> Our data upheld this con-
jecture, since approximately 20% of patients in the oseltamivir group
did not adhere to the full-course of treatment; rates of non-adherence
would likely be even lower in the real-world setting (where patients
have to fill and pay for their own prescriptions, vs here, where sub-
jects were provided with the actual medications at the time of enroll-
ment). Another study in Spain also demonstrated relatively low rates
of adherence to oseltamivir during both pandemic and non-pandemic
influenza seasons.?® Non-adherence is particularly concerning during
influenza pandemics when the virus may be more virulent and/or more
likely to spread in the population. Single-dose peramivir, the recently
approved baloxavir, or recently recommended use of one-dose or two-
doses intravenous zanamivir by European Medicines Agency's Panel,?”
thus provide added potential value for the population, which would be
particularly important during a pandemic.

Of note, more than 50% of our enrollees reported onset of the
respiratory symptoms more than 48 hours before coming to the ED,
consistent with our previous study, as well as others ED-based stud-
ies. 2827 Our results demonstrate that antiviral treatment for those
with greater than 2 days of symptoms also benefit from therapy in
both treatment groups since the clinical aspects of improvement by
all indices measured in this study were similar regardless of duration
of symptoms within or greater 48 hours. Further investigation of
the impact of antiviral medication on influenza patients with longer
duration of symptoms could provide additional evidence for guiding
future CDC treatment recommendations regarding timing of treat-
ment initiation (relative to symptom onset). Based on our findings
here, EDs could represent an important clinical venue for conducting
this type of research in the future.

One of the important features of our study is that we recruited
a substantial numbers of minority influenza-infected patients to this
randomized controlled trial. Approximately, two-thirds (67%) of par-
ticipants were African American and 16% were Hispanic ethnicity.
Studies have documented racial and ethnic disparity regarding influ-
enza vaccination and influenza-related hospitalization.e'o’34 On the
other hand, little data is available in the literature related to antiviral
treatment association with race/ethnicity. Only one study surveying
the perceived acceptance of peramivir which was under emergency
use authorizations during the 2009 H1N1 influenza pandemic, found
that African American had the lowest willingness to accept the new
antiviral for influenza treatment as compared to other racial/ethnic
groups.35 Notably, a previous systematic literature review on antivi-
ral chemoprophylaxis against pandemic and seasonal influenza did
not address the issue of potential differences in racial/ethnic group
response to antiviral treatment.®®> Our capability to recruit a con-
siderable number of minority patients to an influenza therapeutic
randomized clinical trial provides a stepping stone for future studies
and could help minimize disparities associated with antiviral treat-
ment studies in minority populations and increase acceptance of use
of antiviral among minority populations.

There are a number of limitations associated with this study.

First, this study was not powered to determine the overall efficacy



HSIEH ET AL.

| wiLEy

of peramivir in treating high-risk ED patients with influenza, as the
primary aim of the study was to determine the feasibility of con-
ducting influenza-related therapeutic clinical trials in the ED setting.
Second, the outcomes of antiviral treatment might be influenced by
the virulence of influenza virus as well as its antiviral resistance level
by each influenza season. However, we did not set out, to do fur-
ther subtyping and/or characterization of antiviral resistance for this
study. Third, even though self-reported treatment outcome mea-
sures that we used have been validated, information bias, rooted in
self-reported data could have differentially occurred between the
antiviral treatment groups. Fourth, some information (eg, duration
and amount of antipyretic use) which might be associated the out-
come of antiviral treatment was not collected during the trial. We
were thus not able to assess the impact of these variables since
we were not able to go back to collect that information. Fifth, our
evaluation of influenza viral loads before and after administration of
antivirals for this study used stored aliquoted samples, which could
have suffered from degradation of the archived samples, especially
for those with low viral load. Finally, it is also possible to have biases
arising from missing data in the patient daily diary reports, and loss
to follow-ups in this study.

In conclusion, in this ED randomized controlled clinical trial, we
found the clinical and physical functionality outcomes of one-dose
IV-administered peramivir was comparable to 5-day course oral os-
eltamivir for CDC-defined “high-risk” influenza patients. Influenza-
related complications were minimal and side effects relevant to
antiviral medication were mild and infrequent in both groups. While
further cost-effectiveness studies are required, ED clinicians should
consider the option of single-dose IV-administered peramivir for
treating influenza-infected ED patients, especially those who al-

ready have intravenous lines in place.
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Comparison of Efficacy of Intravenous Peramivir and
Oral Oseltamivir for the Treatment of Influenza:
Systematic Review and Meta-Analysis
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Purpose: Peramivir is the first intravenously administered neuramidase inhibitor for immediate delivery of an effective single-dose
treatment in patients with influenza. However, limited data are available on intravenous (IV) peramivir treatment compared to
oral oseltamivir for these patients.

Materials and Methods: With a systematic review and meta-analysis, we compared the efficacy of IV peramivir with oral oseltami-
vir for treatment of patients with seasonal influenza. MEDLINE, EMBASE, and Cochrane Central Register were searched for rele-
vant clinical trials.

Results: A total of seven trials [two randomized controlled trials (RCTs) and five non-randomized observational trials] involving
1676 patients were finally analyzed. The total number of peramivir- and oseltamivir-treated patients was 956 and 720, respective-
ly. Overall, the time to alleviation of fever was lower in the peramivir-treated group compared with the oseltamivir-treated group
[mean difference (MD), -7.17 hours; 95% confidence interval (CI) -11.00 to -3.34]. Especially, pooled analysis of observational stud-
ies (n=4) and studies of outpatients (n=4) demonstrated the superiority of the peramivir-treated group (MD, -7.83 hours; 95% CI
-11.81 to -3.84 and MD, -7.71 hours; 95% CI -11.61 to -3.80, respectively). Mortality, length of hospital stay, change in virus titer 48
hours after admission, and the incidence of adverse events in these patients were not significantly different between the two groups.
Conclusion: IV peramivir therapy might reduce the time to alleviation of fever in comparison with oral oseltamivir therapy in pa-
tients with influenza; however, we could not draw clear conclusions from a meta-analysis because of the few RCTs available and
methodological limitations.
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mated annual attack rate of 5-10% in adults and 20-30% in
children, resulting in substantial disease incidence, hospital-
ization, and mortality.' The Advisory Committee on Immuni-
zation Practices (ACIP) of the Centers for Disease Control and
Prevention (CDC) recommended three U.S. Food and Drug Ad-
ministration (FDA)-approved influenza antiviral agents [oral
oseltamivir, inhaled zanamivir, and intravenous (IV) peramivir]
for the prevention and control of influenza during the 2015-
2016 influenza season.?
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Oseltamivir (F. Hoffmann-La Roche, Ltd., Basel, Switzerland)
is the antiviral agent most frequently used for the treatment
and prevention of influenza, and its use has increased since
pandemic influenza A (H1N1) 2009. Because oseltamivir is ad-
ministered via an oral route, it is often difficult to use in some
cases, particularly in young children, patients with aspiration
tendency, critically ill patients or patients requiring mechani-
cal ventilation. Therefore, novel or additional effective agents
are needed.?

Peramivir (BioCryst Pharmaceuticals Inc., Durham, NC, USA)
is an antiviral agent that blocks viral growth by selectively in-
hibiting neuramidase (NA), an enzyme that releases viral par-
ticles from infected cells, in human influenza A and B viruses,
and is administered once daily through an IV route.’ It was li-
censed in Japan and South Korea in 2010.° In the United States,
IV peramivir is still under investigation as an NA inhibitor
(NALI), but it was made temporarily available in 2009 for hos-
pitalized patients infected with pandemic influenza A (HIN1)
under an Emergency Use Authorization.* Recent randomized
controlled trials (RCTs) demonstrated that IV peramivir showed
better clinical efficacy and antiviral activity than a placebo in
uncomplicated influenza and was safe and well tolerated.>®

Since the 2010s, several RCTs or observational studies (OBSs),
comparing the clinical efficacy of peramivir with that of osel-
tamivir in influenza patients, have been published.”* Howev-
er, there is a lack of evidence regarding whether IV peramivir
or oral oseltamivir should be used for initial treatment in pa-
tients with influenza. Accordingly, the purpose of the present
study was to compare the clinical efficacy of these two antiviral
agents through a systematic review and meta-analysis of data
from clinical trials.

MATERIALS AND METHODS

Data sources and search strategy

To identify potentially relevant articles, a comprehensive search
of three electronic databases (MEDLINE, EMBASE, and Co-
chrane Central Register) up to December 2016 was performed.
The search used keywords related to peramivir: BCX-1812;
RW]J 270201; oseltamivir; tamiflu; influenza; flu; HIN1; antivi-
rals; and neuramidase inhibitors; search filters provided by
SIGN (http://www.sign.ac.uk/methodology/filters.html) were
used. There were no language restrictions and the search was
limited to human studies. Trials published solely in abstract
form were excluded because the methods and results could
not be fully analyzed. In addition, we performed a manual
search of the references listed in relevant review articles. As
this study was a systematic review of published articles, nei-
ther informed consent nor ethics approval was required.

Inclusion criteria
A systematic review and meta-analysis were performed on stud-
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ies that met the following criteria: 1) randomized controlled
or observational cohort studies that treated influenza virus in-
fection; 2) comparison of IV peramivir vs. oral oseltamivir;
and 3) the presence of clinical outcomes and/or adverse events.

Study selection and data extraction

Two pulmonologists (JHL and YHK) independently retrieved
potentially relevant studies and reviewed each study accord-
ing to predefined criteria for eligibility, and finally extracted
data. Any disagreement in the process of study selection or
data extraction was resolved through consensus. A predefined
form was used to extract data from each study. We used only
officially published data. Primary outcomes were the time to
alleviation of fever after treatment of antiviral agents. We also
assessed changes in viral titer, mortality, length of hospital stay
and the incidence of adverse events.

Quality assessment

As recommended by the Cochrane Collaboration, we used the
Newcastle-Ottawa quality assessment scale (NOS) to assess
the risk of bias in OBSs.™ NOS uses a star system to evaluate
nonrandomized OBSs in the following three domains: selection,
comparability and exposure/outcome. Studies that received a
star in each domain were considered to be of high quality.

The quality of RCTs was assessed using the Cochrane Hand-
book for Systematic Reviews of Interventions ‘risk of bias’ tool."®
Risk of bias was assigned to the following domains as ‘low; ‘high’
or ‘unclear’: sequence generation/allocation concealment (se-
lection bias), blinding of participants and personnel (perfor-
mance bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias), selective outcome re-
porting (reporting bias), and other sources of bias. Agreement
between reviewers was achieved through a consensus.

Statistical analysis

We analyzed data in Review Manager Software, version 5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration, Copen-
hagen, Denmark). Random-effects models were applied. As for
dichotomous variables, treatment effects were presented as
risk ratios (RRs) with 95% confidence intervals (CIs) via the
Mantel-Haenzel method. Statistical estimates for continuous
variables were expressed as raw mean differences (MDs). The
heterogeneity was assessed using I* statistics on a scale of 0-
100%. I? >50% indicated a substantial level of between-study
heterogeneity. If necessary, we also investigated the influence
of an individual study on the overall effect estimates by remov-
ing each study in turn to explore the robustness of the pooled ef-
fect. Subgroups were analyzed as necessary. A p value <0.05
was considered statistically significant.
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RESULTS

Study search

Atotal of 19155 published articles were initially identified through
database searches. After removing duplicate articles, we screened
15554 potentially eligible articles from database searches. Of
these articles, 15497 were excluded based on the title and abstract.
Therefore, 57 articles remained and two potentially eligible arti-
cles were added from their reference lists. A total of 59 articles
underwent full-text review. Fifty-two articles were excluded for
the reasons presented in Fig. 1. Finally, a total of 7 articles were
included in the current analysis.”* Of these trials, two trials were
RCTs and the remaining 5 trials were OBSs. All were published
between 2011 and 2015. The features of the included studies are
shown in Table 1. The number of patients in each trial ranged
from 32 to 1091. The total number of patients in our systematic
review and meta-analysis was 1676, of whom 956 were treated
with IV peramivir and 720 received oral oseltamivir. Quality
assessment findings of RCTs and non-randomized OBSs are
demonstrated in Fig. 2 and Table 2, respectively.

Primary outcome

Fig. 3 shows the effect of IV peramivir and oral oseltamivir on
the time to alleviation of influenza symptoms. Overall, a ran-
dom effect model indicated that the peramivir-treated group had
a significantly shorter time to alleviation of influenza symptoms
or fever compared with the oseltamivir-treated group (MD,
-7.17 hours; 95% CI -11.00 to -3.34; p<0.01; ’=2%).”*"3 Subgroup

Records identified through
database searching (n=19155)

—*
) 4
Records screened (n=15554) ‘

Records owing to duplication (n=3601) ‘

Records excluded after screening
titles and abstracts (n=15497)

A\

Full-text articles assessed for
eligibility (n=57)

Additional records identified through other
sources (n=2)

A

Full-text articles excluded with following reasons (n=52)
- Review articles/meta-analyses (n=14)

- Absence of either peramivir or oseltamivir (n=30)

- Non-human studies (n=8)

A

\ 4

Studies included in qualitative
synthesis (n=7)

4

Studies included in quantitative
synthesis (n=7)

Fig. 1. Flow chart of study selection.
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analyses of RCTs and OBSs were performed. Although a pooled
analysis of OBSs demonstrated the superiority of peramivir-
treated group (MD, -7.83 hours; 95% CI -11.81 to -3.84; p<0.01;
’=0%), """ that of RCTs did not (MD, 5.86 hours; 95% CI -24.66
t0 36.38; p=0.71; I’=52%).”® Additionally, a subgroup analysis of
studies on outpatients showed that the peramivir-treated group
had significantly better outcomes than the oseltamivir-treated
group (MD, -7.71 hours; 95% CI -11.61 to -3.80; p<0.01; ’=0%,
respectively) in terms of the time to alleviation of fever (Fig.
4B).>" However, an analysis of studies on hospitalized patients
did not reveal a significant difference between groups (MD,
6.22 hours; 95% CI -24.16 to 36.60; p=0.69; ’=50%) (Fig. 4A).”"

Secondary outcomes
Total mortality and length of hospital stay were reported in two
trials, respectively.”"* A random effect model showed that total
mortality was not significantly different between the perami-
vir and oseltamivir treatment groups (28.0% vs. 34.2%; RR,
0.96; 95% CI 0.55 to 1.68; p=0.90; I’=0%) (Fig. 5A)."*" Length of
hospital stay in the peramivir-treated group was also similar to
that in the oseltamivir-treated group (MD, 0 days; 95% CI -1.19
to 1.20; p=1.00; I>=0%) (Fig. 5B).”*2

We were able to retrieve data concerning the change in influ-
enza virus titer for 48 hours after admission from two RCTs.
Pooled analysis did not reveal a significant difference between
the two treatment groups (MD, -0.06 log;o TCIDs,/mL; 95% CI,
-0.20 to 0.08; p=0.38; I>=0%) (Fig. 5C).”*

Adverse events

As shown in Fig. 6A, the incidence of adverse events was not
significantly different between peramivir- and oseltamivir-
treated groups (72.3% vs. 75.2%; RR, 1.05; 95% CI 0.77 to 1.43;
p=0.76; I’=63%).”*"* Pooled estimates also revealed no signifi-
cant differences in the rates of serious adverse events between
the two groups (7.2% vs. 6.8%; RR, 1.06; 95% CI 0.69 to 1.63;
p=0.80; ’=0%) (Fig. 6B).”*

DICUSSION

Our study showed that IV peramivir might reduce the time to al-
leviation of fever compared with oral oseltamivir among pa-
tients with influenza. The clinical efficacy of IV peramivir ther-
apy was first reported in a placebo-controlled, double-blind
phase II study in patients with uncomplicated seasonal influ-
enza.’ At both 300 and 600 mg, a single IV peramivir infusion
significantly reduced the time to alleviation of symptoms for
adult influenza outpatients.’ After that, a randomized, double-
blind phase III study conducted in Japan, Taiwan, and South
Korea compared IV peramivir (a 300- or 600-mg single infusion)
with oral oseltamivir (75 mg twice a day for 5 days) in uncom-
plicated cases of seasonal influenza, and demonstrated the
non-inferiority of peramivir therapy to oseltamivir in terms of
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the time to alleviation of symptoms.? However, due to the scar-
city of clinical comparisons, we sought to determine which an-
tiviral agent was superior through a meta-analysis of previous
trials.

In our study, the time to alleviation of fever was considered a
primary outcome when evaluating the clinical efficacy of anti-
viral agents for patients with influenza because it was regarded
as the most important parameter in clinical studies. Although
OBSs demonstrated the superiority of IV peramivir therapy
with regard to fever, we could not draw concrete conclusions be-
cause the results of subgroup analysis from RCTs were ambig-
uous.

In addition, we compared the time to alleviation of fever ac-
cording to whether patients were hospitalized or not. Although
the US FDA approved peramivir as the first IV NAI for patients
with uncomplicated influenza,'® a recent placebo-controlled,
double-blind RCT did not demonstrate the clinical benefit of IV
peramivir in hospitalized patients with influenza.'” No antiviral
agents have been approved specifically for the treatment of
influenza in hospitalized patients. In our meta-analysis, there
were no statistically significant differences between treatment
groups in hospitalized patients with influenza. Therefore, we

Ison, et al.”

@® | =~ | Blinding of participants and personnel (performance bias)

@ | = |Blinding of outcome assessment (detection bias)

® | ® | Incomplete outcome data (attrition bias)
@ | ® | Selective reporting (reporting bias)

@ | ~ | Random sequence generation (selection bias)
@ | ® | Other bias

@ | = | Allocation concealment (selection bias)

A Kohno, etal? B

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Peramivir versus Oseltamivir for Flu Treatments

could not confirm whether IV peramivir or oral olsetamivir
was more effective in patients with serious influenza requiring
hospitalization.

Total mortality, length of hospital stay, and changes in viral
titers are key parameters of the clinical and virological effec-
tiveness of antiviral agents. Our results revealed that these pa-
rameters did not differ between peramivir and olsetamivir
treatment groups. In a RCT that enrolled 288 healthy volunteers
(aged 18-45 years) intranasally inoculated with experimental
influenza A or B, oral peramivir treatment at a dosage of 400 mg
once daily for 5 days significantly reduced viral detection, de-
fined by the area under the curve for nasal wash viral titers of
influenza A."® And both 400 and 800 mg once daily for 5 days
reduced viral titer of influenza B.'® Although we evaluated
changes in viral titers from base-line to 48 hours, no significant
difference in virological effects was found between two groups.

In addition to clinical efficacy, adverse events are critical fac-
tors in the selection of an antiviral agent. Although we conduct-
ed a meta-analysis of adverse events using two RCT studies
and one OBS,”*" the results showed no statistically significant
differences in rates of any or serious adverse events between
patients treated with peramivir and those treated with oselta-

y

Other bias

0% 15% 50% 75% 100%
B0 ow risk of bias 3 Unclear risk of bias Bl High risk of bias

Fig. 2. Risk of bias summary (A) and risk of bias graph (B) for randomized controlled studies included in this meta-analysis.

Table 2. Risk of Bias within Non-Randomized Trials Using Newcastle-Ottawa Scale

Selection Comparability Outcome of interest

Overall

Study Is th_e case Representativeness Selection Definition Comparability Outcome Same n!ethods of Non-response .
definition ascertainment for quality

of the cases of controls of controls of cohorts assessment rate
adequate? cases and controls

Hikita, et al * * * * * * * NA High

SZ?Z”I??W"" * * * * * * * NA High

Takemoto, et al.” * * * * * * * NA High

Yoo, et al." * * * * * * * NA High

Yoshino, et al.” * * * * * * * NA High

NA, not applicable.

Studies that received a star in all three domains were judged to be of high quality. Retrospective studies were all assumed to have adequate follow-up.
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mivir. Most adverse events were mild or moderate. Pooled es-
timated results suggested that the incidence of severe adverse
events was similar in the peramivir and oseltamivir groups
(7.2% and 6.8%, p=0.08). Gastrointestinal symptoms such as
diarrhea, nausea, and vomiting were the most common adverse
effects in both treatment groups. The similar clinical efficacy
and adverse event findings of this systematic review suggest
that the choice between oseltamivir and peramivir therapy
could be decided based upon the convenience of administra-

YMJ

tion (IV vs. oral), the ease with which medications can be pur-
chased, and the preference of the patient or physician. Several
previous OBSs and subgroup analysis in our study showed IV
peramivir to have superior efficacy in terms of the time to al-
leviation of fever. However, the lack of differences in total mor-
tality rate, length of hospital stay and changes in viral titers indi-
cate little or no difference in clinical efficacy between the two
agents.

The development of influenza antiviral drug resistance in vi-

Peramivir Oseltalmivir Mean difference Mean difference
Study or subgroup Mean SD  Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% Cl
Ison, etal.” 1025 1766 81 723 7666 41 07% 30.20(-14.85t075.25)
Kohno, et al.® 78 1029 726 821 869 365 10.7% -4.10(-15.74t0 7.54) TR E
Subtotal (95% Cl) 807 406 11.4% 5.86(-24.66 to 36.38) "."
Heterogeneity: tau’=306.42; chi’=2.09, df=1 (p=0.15); 1’=52%
A Testforoverall effect: Z=0.38 (p=0.71)
Hikita, et al.® 404 156 35 48 325 124 238% -7.60(-15.31t00.11) ——
Shobugawa, et al." 17 6.1 4 23 514 104 376% -6.00(-12.06 to 0.06) -
Takemoto, et al." 316 189 53 446 244 51 20.1% -13.00(-21.41to-4.59) ——
Yoshino, etal.” 309 187 23 347 186 9 71% -3.80(-18.16to0 10.58) —
Subtotal (95% CI) 115 288 886% -7.83(-11.81t0-3.84) &
Heterogeneity: tau’=0.00; chi’=2.11, df=3 (p=0.55); 1’=0%
B  Test for overall effect: Z=3.85 (p=0.0001)
Total (95% CI) 922 694 100.0% -7.17(-11.00 to-3.34) ¢
Heterogeneity: tau’=0.61; chi’=5.12, df=5 (p=0.40); 1=2% I t t i
-100 -50 0 50 100

Test for overall effect: 7=3.66 (p=0.0002)
Test for overall differences: chi’=0.76, df=1 (p=0.38); 1°=0%

Favours (peramivir)  Favours (oseltamivir)

Fig. 3. Pooled adjusted risk ratio results for time to alleviation of fever among patients with influenza treated with intravenous peramivir versus oral
oseltamivir in randomized controlled trials (A) and observational studies (B). SD, standard difference; IV, inverse variance; Cl, confidence interval; df,

degrees of freedom.
Peramivir Oseltalmivir Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% CI
Ison, etal.” 1025 1766 81 723 7666 41 07% 30.20(-14.851t0 75.25)
Yoshino, et al.”® 309 187 23 347 186 9 71% -3.80(-18.16t010.56) R
Subtotal (95% CI) 104 50 78% 6.22(-24.16 to 36.60) e
Heterogeneity: tau’=286.99; chi’=1.99, df=1 (p=0.16); 1’=50%
A Test for overall effect: 7=0.40 (p=0.69)
Hikita, et al.® 404 156 35 48 325 124 238% -760(-15.31t00.11) —i—
Kohno, et al ® 78 1029 726 821 869 365 107% -4.10(-15.74t07.54) T
Shobugawa, et al.” 17 6.1 4 23 514 104 376% -6.00(-12.06 to 0.06) -
Takemoto, et al.” 316 189 53 446 244 51 20.1% -13.00(-21.41 to -4.59) -
Subtotal (95% Cl) 818 644  92.2% -7.71(-11.61t0-3.80) 4
Heterogeneity: tau®=0.00; chi’=2.20, df=3 (p=0.53); 1=0%
B Test for overall effect: Z=3.87 (p=0.0001)
Total (35% Cl) 922 694 100.0% -7.17(-11.00 to-3.34) ¢
Heterogeneity: tau?=0.61; chi’=5.12, df=5 (p=0.40); 1=2% k + t {
-100 -50 0 50 100

Test for overall effect: Z=3.66 (p=0.0002)
Test for overall differences: chi’=0.79, df=1 (p=0.37); 1°=0%

Favours (peramivir) ~ Favours (oseltamivir)

Fig. 4. Pooled adjusted risk ratio results for time to alleviation of fever with intravenous peramivir versus oral oseltamivir in inpatients (A) and outpa-
tients (B) with influenza. SD, standard difference; IV, inverse variance; Cl, confidence interval; df, degrees of freedom.
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Fig. 5. Pooled adjusted odds ratio results for secondary among patients with influenza treated with intravenous peramivir versus oral oseltamivir.
Mortality (A), length of hospital stay in days (B), and changes in viral titers from baseline (C) to 48 hours. M-H, Mantel-Haenszel; Cl, confidence inter-
val; df, degrees of freedom; SD, standard difference; IV, inverse variance.

Peramivir Oseltalmivir Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl M-H, random, 95% Cl

Ison, et al’ 49 9 19 46 324% 1.30(0.88 t0 1.93)

Kohno, et al.® 560 728 297 365 676% 0.95(0.89 t0 1.01)

Yoshino, et al.” 0 23 0 9 Not estimable

Subtotal (95% Cl) 842 420 100.0% 1.05(0.77 to 1.43)

Total events 609 316

Heterogeneity: tau’=0.04; chi’=2.70, df=1 (p=0.10); 1’=63% f t f t i

Test for overall effect: Z=0.31 (p=0.76) 02 05 . ! 2 . 5

Favours (peramivir) Favours (oseltamivir)

Peramivir Oseltalmivir Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% Cl M-H, random, 95% Cl

Ison, etal” 0 91 4 46 154% 1.26(0.42 t0 3.81) I

Kohno, et al.® 49 728 24 365 846% 1.02 (0.64 to 1.64)

Subtotal (95% Cl) 819 411 100.0% 1.06 (0.69 to 1.63)

Total events 59 28

Heterogeneity: tau’=0.00; chi*=0.12, df=1 (p=0.73); 1=0% I t } - : } |

generty Ip-0.73) 1=0% 01 02 05 1 2 5 10

Test for overall effect: Z=0.25 (p=0.80)

Favours (peramivir)  Favours (oseltamivir)

Fig. 6. Pooled analysis of adverse events among patients with influenza treated with intravenous peramivir versus oral oseltamivir. All adverse events
(A) and serious adverse events (B). M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.
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ruses is a major concern. Therefore, when considering which
drug to choose, resistance should be considered. The H274Y mu-
tation is associated with resistance to oseltamivir and perami-
vir and mutations at 1222 and R292 can reduce peramivir sen-
sitivity." The incidence of resistance to oseltamivir and/or
peramivir in Japan and USA during the 2013-2014 influenza
season was 4.2% and 1.2% for influenza A (H1N1) pdm09, re-
spectively. This might mean that, in spite of the low resistance
rate, a particular drug could be superior to others in specific sit-
uations.

Our study has some limitations. First, since our meta-analy-
sis considered only a small number of trials, our results should
be interpreted with caution. Second, the publication bias in-
herent to all meta-analyses might have influenced these re-
sults. However, since the number of included trials was small,
we could not estimate potential publication bias with a funnel
plot for all outcomes. Third, the dosage and the duration of IV
peramivir treatment varied among studies, which could affect
the precision of the results. As a result, we think that addition-
al large-scale RCTs are needed to overcome these limitations.
Finally, we tried to compare the efficacy of two drugs between
children and adults. We found six studies for primary out-
come.”"""? There are three studies for adults,”®" and one study
for children.’ The remaining two studies examined mixed group
including adults and children.'*" Accordingly, we could not per-
form a meta-analysis for children group. Instead, we evaluated
the time to alleviation of fever after treatment of antiviral agents
on adults group.”®® Pooled estimates revealed no significant
difference between two treatments (MD, -2.51 hours; 95% CI
-11.88 to 6.86; p=0.60; I>=6%).

In conclusion, our systematic review and meta-analysis sug-
gested that IV peramivir might reduce the time to alleviation of
fever among patients with influenza compared to oral oselta-
mivir. However, because the methodological limitations of the
included trials and the scarcity of trials prevented us from draw-
ing firm conclusions, the clinical benefit and/or superiority of
IV peramivir to oral oseltamivir remains unclear in these pa-
tients. Accordingly, further large-scale RCTs are needed to es-
tablish appropriate criteria with regard to the selection of opti-
mal NAlIs for patients with influenza.
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Background. Clinical studies comparing the different neuraminidase inhibitors for treatment of at-risk patients with influenza
have not been performed. To optimize such treatments, we assessed the efficacy and safety of intravenous peramivir compared with
oral oseltamivir in treating seasonal influenza A or B virus infection.

Methods. A multicenter, randomized, controlled clinical trial was conducted from December 2012 to May 2014 in high-risk
patients infected with seasonal influenza. A total of 92 adult inpatients and outpatients with high risk factors (HRFs) were treated
by either a single intravenous infusion of peramivir (600 mg) or oral administration of oseltamivir (75 mg, twice per day for 5 days).

Results. The median times to clinical stability (time to reach <37°C) were 40.0 hours (95% confidence interval [CI] = 23.3-64.5)
and 37.8 hours (95% CI = 26.3-45.3) in the peramivir and oseltamivir groups, respectively; these values did not reveal a significant
difference. The virus titer and change of mean total symptom scores decreased similarly with both treatments. Results of step-wise
regression suggested that virus type was a significantly effective prognostic factor with respect to illness resolution. Adverse events
(AEs) with peramivir and oseltamivir occurred in 2.2% (n = 1/46) and 13.0% (n = 6/46) of patients, respectively. The severity of AEs

was mild in all cases except 2 patients who showed pneumonia or COPD aggravation; both were in the oseltamivir group.

Conclusions. Intravenous peramivir was effective based on the result of direct comparison with oral oseltamivir. Thus our data

show that peramivir is a useful option for the treatment of influenza-infected patients with HRFs.
Keywords. high-risk patient; influenza; neuraminidase inhibitor; oseltamivir; peramivir.

Influenza virus infection remains a major global health con-
cern. The emergence of novel influenza viruses such as A/HIN1
pdm09 virus (in the 2009 pandemic) has significantly increased
hospitalizations and death rates due to lack of immune memory.
The avian A/H7N9 virus may follow the same path, although
the avian virus currently has a lower potential for human-to-
human transmission.

Neuraminidase inhibitors (NAIs) exhibit potent inhibitory
activity against neuraminidase (NA), the spike protein of influ-
enza virus. Several recent meta-analyses [1-3] suggest that early
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treatment (within 48 hours after the onset of illness) with an
NALI reduces the risk of hospitalization or death. The morbidity
and mortality of influenza infection can be higher, particularly
in high-risk populations, which include the elderly and individ-
uals with underlying diseases (respiratory tract diseases, heart
diseases, diabetes, immunodeficiency, etc) [4]. Thus, treatment
with an NAI is considered essential for high-risk patients.
However, this distinction in patient populations is based on an
observational study, meaning that high-quality data from rand-
omized controlled studies are lacking.

Peramivir was approved in Japan in 2010 and the compound’s
clinical effectiveness, especially rapid fever alleviation [5-8],
has been reported since then. A previous Ph3 study (consisting
of 42 high-risk patients) demonstrated that high-dose peram-
ivir (600 mg/d, repeating dose accepted) provided significant
effectiveness in decreasing the duration of influenza illness and
fever alleviation compared with low-dose peramivir (300 mg/d,
repeating dose accepted) [9]. In addition, several reports have
indicated the efficacies of peramivir for the treatment of crit-
ically ill patients who seldom benefit from NAIs [10, 11]. In
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animal studies, intravenous peramivir has shown robust efficacy
in the treatment of lethal influenza and of secondary pneumo-
coccal pneumonia following influenza virus infection [12-14].
Peramivir may have demonstrated efficacy in these studies due to
a strong suppressive effect on the initial growth of influenza virus;
notably, this compound rapidly reaches high concentrations in
the plasma and upper respiratory tract during the early stages
of infection [15]. That article suggested that the efficacy of NAIs
may be better assessed by measuring viral clearance or allevia-
tion of fever at earlier time points, especially in high-risk patients
showing individual differences in immune response [15]. In this
context, Kohno et al reported (in a Ph3 study) that peramivir
showed significant earlier reduction of these endpoints at day 2,
compared with oseltamivir, in patients infected by oseltamivir-re-
sistant virus [16]. Moreover, a significant difference was observed
retrospectively in several endpoints, including complications
[17-19], mortality [20, 21], length of hospital stay [22], and viral
shedding [23], in high-risk or hospitalized patients treated with
oseltamivir compared with those not given an NAIL

However, peramivir lacks effectiveness in complicated
patients. The single randomized, controlled study of intrave-
nous peramivir in hospitalized patients was terminated for futil-
ity and failed to show efficacy [24]. Additionally, observational
data from the 2009 pandemic raised concerns regarding serious
adverse events in critically ill patients given peramivir [25].

We are unaware of published reports presenting compara-
tive data for the treatment of high-risk outpatients with any pair
of different NAIs. Such a study would enable determination of
the superiority of either treatment. Considering that the opti-
mal management of high-risk out- and inpatients who devel-
oped influenza has not yet been established, we planned and
performed a multicenter, randomized, controlled study com-
paring the efficacy of 2 different systemic NAIs, peramivir and
oseltamivir, in the treatment of high-risk outpatients (inpatients
accepted) with influenza. We assessed the fever-alleviation time
(primary endpoint) and the duration of influenza illness and
the virus titer (secondary endpoints). The purpose of this study
was to explore the possibility of establishing an optimal regimen
for management of influenza in a high-risk patient population.

METHODS

This study was a multicenter, randomized, comparative study
performed using the central registration method and was con-
ducted in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. The trial was approved by the Ethics
Committee of Nagasaki University. The study was conducted
from December 2012 to May 2014. The clinical trial was reg-
istered with University Hospital Medical Information Network
Clinical Trials as UMIN000009479. For the purposes of our
study, high risk factors (HRFs) were defined as the following:
age >65 years, chronic heart disease, chronic respiratory illness,
chronic kidney disease, chronic liver disorder, diabetes mellitus,

neurological disorder/neuromuscular disease, hematological
disorder, or immunosuppressive conditions accompanied by
diseases or requiring treatment. The target number of patients
with HRFs was 100 based on the result demonstrating superi-
ority of the high dose compared with the low dose in the previ-
ous study of peramivir in high-risk patients [9]. In our study, a
total of 92 outpatients and several inpatients aged 220 years with
influenza A or B virus infection meeting the following inclusion
criteria were enrolled: (1) body temperature >38°C at hospital
visit, (2) initiation of treatment within 48 hours from the onset
of influenza illness (as indicated by at least 1 symptom), (3) pos-
itive for influenza virus by an influenza rapid diagnostic kit, and
(4) having HRFs. We stopped our study early despite not achiev-
ing the target enrollment. We were conducting this clinical study
for 2 influenza seasons. If we continued for an additional season,
3 seasons would cause larger bias in parallel with an increase in
the variety of epidemic influenza virus appearing.

The following 7 influenza symptoms, as defined in the
Influenza Symptom Severity [ISS] scale, were adopted: head-
ache, muscle or joint pain, feverishness or chills, and fatigue
as general symptoms, and cough, sore throat, and nasal stuffi-
ness as respiratory symptoms. These symptoms were evaluated
based on scores of 0-3 (0: no symptom [normal], 1: mild [barely
troublesome], 2: moderate [very uncomfortable], 3: severe
[intolerable]). Exclusion criteria were pregnancy, women who
may become pregnant, breastfeeding women, and patients with
pneumonia according to chest X-ray on admission. (Although
pregnant women represent an important group at high risk for
complications, we excluded this group for safety reasons.)

Using a central registration method, patients were equally
randomized to receive peramivir (Rapiacta) or oseltamivir
(Tamiflu) according to the respective package inserts. Peramivir
was infused intravenously over 15 minutes at 600 mg once (a
second infusion at >2 days later, if necessary, was permitted).
Oseltamivir was administered orally at 75 mg twice a day for
5 days. All patients were checked at the respective institute for
their backgrounds (including the HRFs) at the enrollment time
and examined for clinical effects (such as vital signs, influenza
symptom severity, complications associated with influenza, and
virological examination) on days 1, 2, and 5. Chest X-ray exam-
ination and clinical laboratory tests were conducted on day 1
in all patients and on other days if required. Patients evaluated
their own influenza symptoms using the ISS, and measured
their own body temperature 3 times a day (morning, noon, and
at the time of going to bed). It was prespecified to the patients
that, if possible, body temperature was not to be assessed within
the first 4 hours after taking antipyretics.

Nasopharyngeal swabs collected on days 1, 2, and 5 were used
for virus typing, including subtyping, virus titration, and an NA
enzyme inhibition assay. These assays and amino-acid sequence
analyses were performed by LSI Medience. Infectious viral
titers were calculated as log,  50% tissue culture infective doses
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(TCID,,) per milliliter of viral transport medium according to
the Spearman-Karber equation. Viral RNAs were not measured.
All patients provided written informed consent before partici-
pating in the study. Each study was approved by the respective
site’s institutional review board before the start of the study.

The primary efficacy endpoint was the fever-alleviation time
(time to reach axillary temperature of <37.0°C); in parallel with
this endpoint, prognostic factors that might have affected the
fever-alleviation time were determined. The secondary end-
points were (1) the duration of influenza illness, (2) the virus
titer and identification of virus subtypes, (3) the occurrence of
gene mutation in the influenza viruses, (4) incidence of com-
plications associated with influenza infection, and (5) exac-
erbation of underlying conditions. Viral gene mutation was
investigated if a noticeable increase in the half maximal inhibi-
tory concentration (IC, ) value for the 4 existing NAIs (oseltam-
ivir, peramivir, zanamivir, and laninamivir) was detected, and
the difference in IC | values was assessed statistically by the
Kruskal-Wallis test. Safety of the drugs was evaluated by inci-
dence of adverse events/adverse drug reactions (AEs/ADRs).
Severity of the events was graded according to the Division of
AIDS table, with grades 1, 2, and > 3 corresponding to mild,
moderate, and severe, respectively [26].

The primary efficacy analysis population was the inten-
tion-to-treat infected population, which included all of the
patients receiving the study drug at least once during the study.
The confidence coeflicient and the significance levels were to
be 0.95 and .05 (2-tailed), respectively. Kaplan-Meier curves
were prepared for the fever-alleviation time and for the time
to alleviation of influenza symptoms, and thereby a statistical
intergroup difference was examined by using the log-rank test.
Prognostic factors that might affect the fever-alleviation time
were determined by the Cox proportional hazard model. For
the estimation of duration of illness, the Wilcoxon rank-sum
test was used after calculating the area under the curve of total
symptom scores (TSSs) of influenza together with determining
key statistics values by group. The key statistics values by group
for IC,  values of each drug against a virus were calculated, fol-
lowed by conducting of the Kruskal-Wallis test. The incidences
of complications associated with influenza were calculated and
tested by Fisher’s direct probability method.

RESULTS

A total of 92 patients were enrolled from 16 medical hospi-
tals and randomly allocated to 2 groups of equal size; all of
the enrolled patients completed the study. All were patients
with fever >238°C and visited the respective institution within
48 hours after the onset of influenza illness. Table 1 shows
backgrounds of the patients who were included in safety and
intention-to-treat infected populations. With the exception of
the symptom score, the baseline characteristics did not sig-
nificantly differ between the 2 groups. Table 1 also shows the

approximately equal distribution of virus types and subtypes in
the 2 groups. The majority of infections were due to influenza
A/H3N2 viruses.

Figure 1 shows a Kaplan-Meier curve for the fever-alleviation
time. In this analysis, 3 patients in the oseltamivir group were
omitted from the clinical efficacy assessment because patient
diaries (including information on body temperature) were not
obtained for these subjects. Patients lacking the record of body
temperature <37.0°C, irrespective of whether these patients had
returned to a normal body temperature, were considered as
censored. The respective medians of fever-alleviation time were
40.0 hours (95% confidence interval [CI] = 23.3-64.5) and 37.8
hours (95% CI = 26.3-45.3) in the peramivir and oseltamivir
groups, respectively; these values did not exhibit a significant
intergroup difference (log-rank test; P = .69; x> = 0.156). The
Cox hazard analysis of the effect of the 2 NAIs showed that the
95% confidence interval for the difference between the 2 treat-
ments ranged 0.88-2.48, indicating no significant difference
between peramivir and oseltamivir. Three of 46 patients in the
peramivir-treated group were administered peramivir for 2
days. Notably, this subset of 3 patients included 2 patients that
were censored (as described above) and 1 patient who showed
an alleviation time of 197.8 hours, a value that was onger than
the median alleviation time of 37.8 hours (95% CI = 23.2-62.7)
obtained from the remaining 43 patients treated with sin-
gle-dose peramivir. No persistent virus was observed in the 3
patients administered peramivir for 2 days. Notably, none of
the theses 3 patients harbored the H275Y mutation. Among a
total of 79 patients who took antipyretics, 37 of 46 (80.4%) were
treated with peramivir, and 42 of 46 (91.3%) were treated with
oseltamivir. As a result, a total of 3 patients (1 and 2 subjects
from peramivir- and oseltamivir-treated groups, respectively)
ingested acetaminophen at approximately the same time as the
alleviation time; in the other patients that ingested acetami-
nophen, body temperatures were measured at least 4 hours after
the dose of acetaminophen was taken.

The numbers of days (mean + SE) required for the dis-
appearance of influenza symptoms were 526 + 0.15 and
5.38 + 0.16 days for the peramivir and the oseltamivir groups,
respectively (log-rank test; P = .65; x value = 0.204). Table 2
shows the change of variation of the TSSs. The scores decreased
over time, falling from —2.5 (peramivir) and —1.3 (oseltamivir)
on day 2, to —7.1 (peramivir) and —5.9 (oseltamivir) on day 5;
significant intergroup differences were not detected for this
parameter. The duration of influenza illness was examined by
the Wilcoxon rank-sum test. The intergroup difference of TSSs
did not achieve significance (P = .051 at day 2). The change in
infectious virus titer is shown in Figure 2. The median time for
the virus titer to decrease by <10'° TCID_/mL was approxi-
mately 4 days in both groups (Kaplan-Meier method, post hoc
analysis); this parameter did not reveal a statistically significant
intergroup difference (P = .51; x° = 0.436). The decrease of virus
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Table 1. Patient Backgrounds and High-Risk Factors at Baseline

Peramivir Group

Oseltamivir Group

Background Factors No. of Patients % No. of Patients % PValue
No. of total patients 46 46
Sex Male/Female 21/25 45.7/54.3 22/24 47.8/52.2 1.00
Age, y No. 46 46 42
Mean + SD 72.2 £ 14.1 70.1 £ 111
Median 76 72
Minimum to maximum 33t0 92 42 to 90
Weight, kg No. 45 36 .83
Mean + SD 55.0 + 10.4 55.6 + 12.3
Median 55 55.65
Minimum to maximum 36.0t0 80.5 34.2 t0 88
Height, cm No. 43 &5 25
Mean + SD 155.3 + 10.0 1578 + 8.9
Median 156 158
Minimum to maximum 136.7 to 174 140.6 to 174.1
Hospitalized patients Inpatient 7 15.2 8 174 1.00
Virus type Type A 39 84.8 &5 76.1 43
Type B 7 15.2 1 23.9
A+B 0 0.0 0 0.0
Virus subtype Type A HIN1 0 0.0 0 0.0 .76
Type A H3N2 33 71.7 28 60.9
Type B 7 15.2 " 23.9
Type A HTN1 pdm09 5 10.9 6 13.0
Not detected 1 2.2 1 2.2
Virus titer No. 46 46 496
Mean + SD 420 +2.12 4.48 + 1.82
Median 4.5 4.3
Minimum to maximum <15t08.5 <15t08.5
Smoking 5 10.9 8 174 .38
Inoculation with 27 58.7 19 413 14
influenza virus
vaccine
No. of patients with Age =65y 37 80.4 36 78.3 1.00
high-risk factors Chronic heart disease 6 13.0 8 174 77
Chronic respiratory illness 18 39.1 21 45.7 .67
Chronic kidney disease 7 15.2 4 8.7 .52
Chronic liver disorder 8 174 2 4.3 .09
Diabetes mellitus 12 26.1 10 21.7 .81
Neurological disorder/ neuromuscular disease 0 0.0 1 2.2 1.00
Hematological disorder 0 0.0 0 0.0
Immunosuppressive conditions accompanied 5 10.9 9 19.6 .38
by diseases or requiring treatment
Underlying disease/ 38 82.6 40 870 77
complication
Symptom score No. 46 45 .03
Mean + SD 109+25 9.6 + 3.1
Median 10 9
Minimum to maximum 6to 16 41018
<14 43 93.5 43 93.5 1.00
>15 3 6.5 2 43
Not described 0 0.0 1 2.2
Time from onset of N 46 46 44
influenza to drug Mean + SD 28.2 £ 16.1 25.8 £ 12.9
dosing, h Median 24.7 23.1
Minimum to maximum 2.0t0 73.9 2.5t049.6

Abbreviation: SD, standard deviation.
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Kaplan-Meier survival curve for the time to fever alleviation. Solid line: peramivir group (n = 46). Dotted line: oseltamivir group (n = 43). # indicates censored case

(n=4 in peramivir group; n =4 in oseltamivir group). Pvalue for the difference between treatments was .69 (log-rank test).

titer was examined by virus type and subtype, but no significant
intergroup difference was detected (data not shown).

For persistent viruses sampled from 11 patients whose virus
titer did not decrease to <1.5 by day 5, we assessed the IC, val-
ues of the 4 NAIs. The median IC, values ranged 1.3-6.7 nM;
no statistically significant difference was observed among these
drugs (Kruskal-Wallis test; P = .19). The persistent viruses
associated with prolonged viral shedding were checked for the
presence of known NA mutations. Notably, 2 of the 11 strains
harbored H275Y mutations: both instances occurred in per-
amivir-treated patients. Consistent with this observation, these
strains showed elevated IC, values for oseltamivir (250 and
220 nM) and peramivir (18 and 17 nM), respectively. A suba-
nalysis based on the symptoms revealed that there was no delay
of healing (fever and duration of influenza illness) when com-
paring the 11 patients carrying persistent viruses to the remain-
ing 78 patients (data not shown).

Prognostic factors that might affect the fever-alleviation time
were examined using the Cox proportional hazard model, to
which all of the prognostic factors were inputted. The result
of variable selection by the step-wise method confirmed that

antiviral agent, virus type, sex, chronic cardiac disease, and
chronic liver disorder were possible effective prognostic factors
(a significance level of 0.2 to allow a variable into the model
and to stay in the model), with respective hazard ratios of 1.461,
0.449, 1.518, 1.579, and 2.091 (Table 3).

The incidence of complications associated with influenza also
was examined as a secondary endpoint. Only 4 of 46 (8.7%) per-
amivir-treated patients and 6 of 46 (13.0%) oseltamivir-treated
patients developed complications associated with influenza;
these values did not demonstrate a significant intergroup differ-
ence (Fisher’s direct probability test; P =.74). Notably, the exac-
erbation of underlying conditions and complications did not
lead to discontinuation from the study. Hypertension and bron-
chial asthma gave the most incidences of aggravation (perami-
vir: n = 3 each; oseltamivir: n = 4 each). The safety of both drugs
was examined by monitoring the appearance of AEs/ADRs.
The severity of AEs was mild in all cases, with the exception
of 1 case each of pneumonia and COPD aggravation. Both of
these events occurred in the oseltamivir-treated group and were
of moderate severity (Table 4). Adverse drug reactions in the
oseltamivir group consisted of 1 case each of hepatic functional

Table 2. Change of Variation of Total Symptom Scores

PValue

Time Treatment Group No. of Subject Mean + SD Median Minimum Maximum (Wilcoxon rank sum test)

Day 2 Peramivir 46 -25+35 -2 -9 6 .051
Oseltamivir 45 -13+22 -1 -5 4

Day 3 Peramivir 46 -42+3.6 -5 -12 5 .09
Oseltamivir 45 -3.0+32 -4 -9 5

Day 4 Peramivir 46 -55+38 -6 -12 6 22
Oseltamivir 45 -43+4.2 -5 -10 6

Day 5 Peramivir 46 -71+3.6 -8 -12 5 22
Oseltamivir 45 -5.9+43 -7 -13 5

Variation on each day was calculated using total symptom score on day 1 as standard. Fundamental statistics were calculated by regarding the variation as a continuous quantity. The test

was carried out by day without considering multiplicity.
Abbreviation: SD, standard deviation.
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Figure 2. Time course of virus titers in peramivir and oseltamivir dose groups.
Solid line: peramivir group. Dotted line: oseltamivir group. The error bars represent
standard deviation. Abbreviation: TCID,, 50% tissue culture infective dose.

abnormality, diarrhea, and decrease in white blood cell count;
no ADRs were reported in the peramivir group. The case of
pneumonia (in the oseltamivir-treated group) was not thought
to be related to the administered medication; this patient recov-
ered on day 10.

DISCUSSION

As described in previous reports [9, 17, 18], duration of influ-
enza illness is apparently longer in influenza patients with >1
HREFs than in otherwise healthy patients [16, 27]. In our study’s
investigation of prognostic factors, the step-wise method identi-
fied virus type as one of the covariates for fever-alleviation time
(Table 3). Vaccination status did not affect treatment outcome,
contrary to our expectation. The median durations of influ-
enza illness observed in the peramivir- and oseltamivir-treated
groups in our study were approximately 5 days, values that are
consistent with those previously reported for high-risk cases
treated with oseltamivir [17, 18]. The median fever-alleviation
time in our study was approximately 40 hours, a value similar to
that reported in other studies [9, 17]. Thus, the results obtained
in our study were not notably different from those obtained in
other studies with high-risk patients.

In the previous Ph3 study, no significant intergroup differ-
ence was observed for any of these endpoints when comparing

Table 3. Prognostic Factors that May Affect the Fever-Alleviation Time

Variable HR (95% ClI) PValue
Antiviral agent (peramivir/oseltamivir) 1.461 (0.887-2.408) 14
Virus type (type Altype B) 0.449 (0.239-0.843) .01
Sex (male/female) 1.518 (0.950-2.425) .08
Chronic cardiac disease (no/yes) 1.579 (0.835-2.986) .16
Chronic liver disorders (no/yes) 2.091 (0.974-4.487) .06

Results were obtained by using a Cox proportional hazard model that incorporated all of the
prognostic factors, with the exception of the 5 factors in the table; these excepted factors
instead were examined by variable selection using a stepwise method (a significance level
of .2 to allow a variable into the model and to stay in the model).Abbreviations: Cl, confi-
dence interval; HR, hazard ratio.

groups treated with peramivir (intravenous) or oseltamivir
(oral). These results contrasted with our expectations, which
were based on the fact that the intravenous administration of
peramivir yields higher exposure at an earlier stage of infec-
tion, possibly leading to more efficient inhibition of the viral
NA during the exponential phase of viral replication [15]. It was
previously reported that 600 mg (repeating dose accepted) of
peramivir showed significantly higher efficacies regarding dur-
ation of influenza illness and time to return to normal body
temperature compared with 300 mg (repeating dose accepted)
in a study with high-risk patients [9]. The medians of the dur-
ation of influenza illness and the time to return to normal body
temperature with 600 mg were 42.3 hours (90% CI = 30.0-82.7)
and 37.6 hours (90% CI = 22.3-46.8), respectively. In our
study, which also used a 600-mg dose, medians of the 2 end-
points were 5 days (95% CI = 5-5 days) and 40.0 hours (95%
CI = 23.3-64.5), respectively.

Although comparable data were obtained for the fever-al-
leviation times, the 2 studies resulted in distinctively different
median times for duration of influenza illness. This difference
in results can be attributed to the different dose regimens used
in the 2 studies. Specifically, in the former study, peramivir
was administered repeatedly (for >2 days) to 16 of 19 patients,
whereas in our study, peramivir was administered only once in
almost all of the cases (single dose in 43 of 46 patients; 2 doses
in 3 of 46 patients). As a second reason for the difference, the
enrollees in the 2 studies exhibited distinct backgrounds. For
instance, approximately 26% and 80% of the peramivir-treated
groups were aged 265 years in the previous high-risk study and
in our study, respectively. Moreover, our study enrolled patients
with a wider variety and number of HRFs than those enrolled
in the former study. The increased median age and larger num-
ber of HRFs in our study presumably yielded a larger variance
of immune response and clinical presentation. In other words,
the sample size for patients with a large variety of HRFs in
our study likely was smaller than that for otherwise healthy
patients generally required to demonstrate a significant dif-
ference in clinical efficacy. A significant difference between 2
drugs may be demonstrated by limiting the number of HRF(s)
to the one(s) expected to exhibit smaller variances of response
and clinical presentation (eg, diabetes mellitus). Meanwhile,
in our study the changes in the TSSs in the peramivir-treated
patients tended to be more favorable than those in the oseltam-
ivir-treated patients, especially on day 2 (P > .05) (shown in
Table 2), whereas there were no significant differences in effi-
cacy between the 2 drugs. These results indicated that despite
such limitations, our data provide some valuable information
that can contribute to strategies for the treatment of influen-
za-infected patients with HRFs.

In conclusion, our results suggest that administration of
peramivir as a single (or twice in 2 exceptional cases) 600-mg
intravenous dose displayed no significant difference in efficacy
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Table 4. Occurrences of Adverse Events (Adverse Drug Reactions), Influenza-Associated Complications, and Exacerbation of Underlying Disease

Peramivir Group (n = 46) Oseltamivir Group (n = 46)

No. of Cases % No. of Cases %
AEs (ADRs) Pneumonia 0 0 1% (0) 2.2
Pneumonia/bronchial 1(0) 2.2 0 0
asthma attack
COPD exacerbation /nausea 0 0 1%(0) 2.2
Liver dysfunction 0 0 2 (1) 4.3(2.2)
Diarrhea 0 0 1(1) 2.2(2.2)
Decrease WBC counts 0 0 1(1) 2.2(2.2)
Total 1(0) 2.2 6 (3) 13.0 (8.7)
Influenza-associated Pneumonia 1 2.2 2 4.3
complications Bronchitis 0 0 1 2.2
Bronchial asthma attack 2 4.3 2 4.3
Others 1 2.2 1 2.2
Total 4 8.7 6 13.0
Exacerbation of Total 4 8.7 7 15.2

underlying diseases

Abbreviations: ADRs, adverse drug reactions; AEs, adverse events; COPD, chronic obstructive pulmonary disease; WBC, white blood cell.

“Severities of pneumonia and COPD exacerbation were moderate in the indicated case. Severities were mild in all other cases.

compared with oseltamivir administered orally at a dose of
75 mg twice a day for 5 days, which has been already established
as a standard treatment. Thus, our data show that peramivir is
1 useful option for the treatment of influenza-infected patients
with HRFs.
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Abstract

Background: The efficacy of neuraminidase inhibitors on improvement of respiratory
symptoms triggered by influenza in patients with pre-existing chronic respiratory dis-
eases is unknown.

Methods: This 2-week, randomized, open-label study evaluated intravenous perami-
vir 600 mg on two consecutive days (peramivir-repeat), peramivir 300 mg single dose
(peramivir-single), and oral oseltamivir 75 mg twice daily for 5 days in patients with
confirmed influenza and chronic respiratory diseases. Patients recorded symptom
scores daily. The primary endpoint of cumulative area of time vs symptoms (CATVS)
was expressed as an index value of area under the curve vs time of the total score of
cough, sore throat, and nasal congestion from baseline to 2 weeks.

Results: Of 214 randomized patients, 209 (56% female, 77% aged <65 years, 94%
outpatients, 91% bronchial asthma, 62% influenza A) received 21 dose of study
drug. Mean (standard deviation) CATVS was similar for peramivir-repeat (782.78
[487.17]) vs peramivir-single (717.35 [347.55]; P = .4371), and for peramivir-repeat vs
oseltamivir (856.34 [404.99]; P = 1.00). However, CATVS was significantly shorter
for peramivir-single vs oseltamivir, with an estimated treatment difference (TD) of
-145.07 (95% confidence interval: -284.57, -5.56; P = .0416). In subgroup analyses,
CATVS was significantly shorter for peramivir-single vs oseltamivir among patients
with influenza A (TD: -206.31 [-383.86, —28.76]; P = .0231), bronchial asthma (TD:
-156.57 [-300.22, -12.92]; P = .0328), baseline respiratory severity score <5 (TD:
-265.32 [-470.42, -60.21]; P = .0120), and age <65 (TD: -184.30 [-345.08, -23.52];
P =.0249).

Conclusions: In patients with chronic respiratory diseases, peramivir-single was not
significantly different from peramivir-repeat and was more effective than oseltamivir

at alleviating respiratory symptoms.

KEYWORDS
asthma, cough, influenza A virus, influenza B virus, neuraminidase, peramivir, pulmonary

diseases, chronic obstructive; signs and symptoms, respiratory
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1 | INTRODUCTION

Influenza is a potentially life-threatening illness associated with
seasonal epidemics that result in significant societal disruption and
morbidity.? Progression of infection to the lower respiratory tract
can prove fatal, particularly in patients with chronic respiratory dis-
eases such as bronchial asthma, chronic bronchitis, and chronic ob-
structive pulmonary disease (COPD).3* Susceptible individuals have
a high risk of acute respiratory distress syndrome, which is typically
triggered by influenza A infection.®

Antiviral treatment with a neuraminidase inhibitor (NAI) can
bring clinical benefits, including clearing virus, alleviating symp-

toms, reducing transmission,’

and potentially improving sur-
vival.l® NAI efficacy has been explored predominantly in patients
with uncomplicated seasonal influenza.”*! Among these agents,
intravenous peramivir, including a single-dose 300 mg regimen,
showed more rapid symptom alleviation compared with placebo®*
and other NAIs.8% However, further data are needed for high-
risk patients with chronic respiratory diseases that can be aggra-
vated by influenza, leading to delayed recovery from influenza
symptoms.lz'13

A phase Il trial previously investigated intravenous peramivir
300 or 600 mg/d for 1-5 days as needed in high-risk patients.’* The
median duration of influenza illness was 114.4 and 42.3 hours in the
300 and 600 mg groups, respectively (hazard ratio: 0.497; 90% con-
fidence interval [Cl], 0.251-0.984). In a post hoc analysis, the effect
of peramivir on symptom alleviation was assessed using an index
value for area under the curve (AUC) vs time based on the changing
total scores of cough, sore throat, and nasal congestion (M. Kato, VY.
Saisho, H. Tanaka, T. Bando, unpublished results). Peramivir 600 mg
appeared to be more effective than peramivir 300 mg, with the for-
mer demonstrating a higher reduction from baseline in total symp-
toms at 2 weeks.

The primary objective of this study was to compare peramivir
600 mg repeat dose (1200 mg total dose) with peramivir 300 mg
single dose and oseltamivir 75 mg twice daily in patients with influ-
enza A or B infection and chronic respiratory diseases. The study
also compared the effect of peramivir 300 mg single dose with os-
eltamivir. Secondary objectives reported here include changes in
respiratory symptom scores over time, virus titer, and safety; addi-

tional outcomes will be reported separately.

2 | METHODS
2.1 | Study design

This was a 2-week, multicenter, randomized, open-label study to
evaluate intravenous peramivir 600 mg repeat dose, intravenous
peramivir 300 mg single dose, or oral oseltamivir 75 mg twice-daily
treatment in patients with confirmed influenza A or B together with
concomitant bronchial asthma, COPD, or pulmonary fibrosis. The
study was conducted between October 2017 and February 2019,

WILEY-—%

encompassing two influenza seasons, across 50 sites in Japan.
The study was conducted in accordance with the Declaration of
Helsinki and, from October 2017 through December 2018, Ethical
Guidelines for Medical and Health Research Involving Human
Subjects. The study was a specified clinical trial as defined by the
revised 2017 Clinical Trials Act and, therefore, from January 2019
through study completion, followed the guidelines set forth in the
Act. The protocol was reviewed and approved by local ethical re-
view boards and, in January 2019, by the clinical research board
of Nippon Medical University, as per the Act. Patients gave writ-
ten informed consent. The study was registered at the UMIN-CTR
Clinical Trials Registry (https://www.umin.ac.jp/ctr/index.htm, iden-
tifier: UMINO00030118) and at the Japan Registry of Clinical Trials
(https://jrct.niph.go.jp/en-latest-detail/jRCTs031180322, identifier:
jRCTs031180322).

Enrollment occurred within 48 hours from influenza onset de-
fined as an initial 21°C increase in axillary body temperature above
normal or worsening of 21 systemic or respiratory symptom com-
pared with normal. All patients had 24 clinic visits (Figure 1). During
a screening visit, influenza diagnosis was confirmed using the rapid
antigen test. Patients were instructed in the use of a daily diary to
record influenza symptom scores and temperature. A COPD assess-
ment test (CAT) was conducted together with oxygen saturation and
respiratory function testing. Patients were assigned to treatment,
and the study drug was administered. Patients assigned to perami-
vir 600 mg repeat dose had an additional visit to receive the repeat
treatment on Day 2. Adverse events (AEs) were monitored through-

out the 14-day study period.

2.2 | Study population

Eligible patients were male or female inpatients or outpatients diag-
nosed with influenza aged 16-79 years, with those aged 16-19 years
requiring consent from a legal guardian. Other key inclusion criteria
were the following: a total symptom score for cough, sore throat,
and nasal congestion of 23 including a score of 21 for cough, and 21
systemic symptom that scored 22 for headache, muscle or joint pain,
heat or chills, or fatigue; nasal or throat swab with a positive rapid
influenza test; maximum axillary temperature 237.5°C for 212 hours
before screening; and receiving treatment for bronchial asthma, pul-
monary fibrosis, or COPD. Key exclusion criteria were the following:
concomitant infectious disease requiring treatment with a systemic
antibacterial, antifungal, or antiviral drug; history of convulsions or
other neurological symptoms within the past 2 years; chronic res-
piratory failure requiring management on a mechanical ventilator;
diabetes with glycated hemoglobin Alc >10% within 4 weeks prior
to screening; previous treatment with an NAI, amantadine hydro-
chloride, or baloxavir marboxil within the previous 7 days; cardio-
vascular disease requiring hospitalization, and other serious diseases
requiring treatment, including congestive heart failure, central nerv-
ous system diseases, metabolic diseases, malignancies, renal dialysis,

and transplantation within the previous 12 months.


https://www.umin.ac.jp/ctr/index.htm
https://jrct.niph.go.jp/en-latest-detail/jRCTs031180322
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FIGURE 1 Study design. Screening visit (Day 1): patient consent, evaluation of patient demographics and clinical characteristics, physical
examination, axillary body temperature, assessment of influenza symptoms, nasal cavity evaluation and throat swab, and confirmation of
influenza using the rapid antigen test. Day 2: patients assigned to peramivir 600 mg received repeat treatment; if available, patients in any
arm had physical examination and virus test. Day 3: physical examination, virus testing, and CAT, oxygen saturation, and respiratory function
assessments in all patients, and clinical examination in patients in the two peramivir groups. Day 7: physical examination, virus testing, and
testing for CAT, oxygen saturation, and respiratory function in all patients; clinical examination in patients in the oseltamivir arm. Day 14:
physical examination, clinical examination (where possible), CAT, oxygen saturation, and respiratory function assessments in all patients.
Patients were instructed to record their axillary body temperature four times per day on Days 1-3 and twice per day from Day 4, and to
record their influenza symptom scores twice per day on Days 1-7, then once daily from Day 8. CAT, chronic obstructive pulmonary disease

assessment test
2.3 | Randomization and treatment

Patients were randomized (1:1:1) to peramivir 600 mg repeat dose
administered as two 300 mg intravenous infusions on two consec-
utive days (ie, 1200 mg total dose), peramivir 300 mg single dose
administered as a single 300 mg infusion, or oral oseltamivir 75 mg
twice daily for 5 days (Figure 1). Infusion time was 15-75 minutes
for peramivir 600 mg repeat dose and 15-45 minutes for peramivir
300 mg single dose. Randomization was conducted using the minimi-
zation method, stratified by total score of respiratory symptoms (=5,
<5) and underlying respiratory disease (bronchial asthma, COPD, or
pulmonary fibrosis). Concomitant drugs (except topical medicines)
such as antivirals, antifungals, antipyretics (except acetaminophen),
general cold drugs, antihistaminic drugs, immunosuppressive drugs,
Chinese medicine for influenza virus, and investigational drugs were
not permitted. Patients could take a chemical mediator release in-
hibitor or leukotriene receptor antagonist as an alternative to anti-

histaminic drugs.

2.4 | Outcome measures

The primary efficacy endpoint was “cumulative area of time vs symp-
toms” (CATVS) expressed as an index AUC of the total score of three
respiratory symptoms (cough, sore throat, and nasal congestion) for
2 weeks (from Visit 1 [baseline] to Visit 5 [Day 14]). Influenza symp-
tom severity was assessed using seven items including the three
respiratory symptoms and four systemic symptoms (headache, mus-

cle or joint pain, feverishness or chills, and fatigue) by patient diary.

Symptom severity was scored as O (no symptoms), 1 (mild), 2 (moder-
ate), or 3 (severe). Secondary efficacy endpoints were mean change
from baseline over Visits 2-5 in the total score of three respiratory
symptoms, and mean change from baseline over Visits 2, 3, and 4 in
virus titer, expressed as median 50% tissue culture infectious dose
(TCID,,) per mL. Nasal or throat swabs were sent to a central labora-
tory for viral titer measurement (LS| Medience Corporation). Safety
assessments included the frequency of treatment-emergent AEs
(TEAES), serious TEAEs (SAEs), and discontinuations due to TEAEs.

2.5 | Statistical analysis

The planned sample size of 70 patients per treatment group was
based on an estimate of 64 patients per group needed to provide
80% power to detect a difference between treatments with a two-
sided significance level of .05. Assumptions were further based on
the results of a post hoc analysis of a phase Il study of high-risk
patients,™* which showed a difference in index AUC for the total
scores of cough, sore throat, and nasal congestion between perami-
vir 600 mg/d and peramivir 300 mg/d of 11.5; the standard devia-
tion of each treatment group was 24.0. Oseltamivir was assumed to
have the same effect on index AUC as peramivir 300 mg/d.

The primary efficacy analyses were conducted using the intent-
to-treat (ITT) population, which included all randomized patients
who received 21 dose of study drug and were eligible for efficacy
analysis. The primary efficacy endpoint was analyzed using analy-
sis of covariance with the weighted Holm method for multiplicity

adjustment (with two-sided significance level of .05 split into .04
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TABLE 2 Cumulative area of time vs symptoms expressed as an index value for area under the curve of the total score of cough, sore
throat, and nasal congestion from the start of study drug administration to 2 wk post-administration (ITT population)

Variable n Mean

Peramivir 600 mg 70 782.78
Peramivir 300 mg 66 717.35
Oseltamivir 72 856.34

Estimated difference between 2

groups
Peramivir 600 mg vs peramivir 66.70
300 mg
Peramivir 600 mg vs oseltamivir -78.36
Peramivir 300 mg vs oseltamivir -145.07

SD Min Median Max
487.17 64.4 771.60 2296.3
347.55 47.8 684.49 1625.8
404.99 85.7 859.32 1856.4
SE 95% CI P-value
71.16 -73.62,207.02 4371°
69.64 -215.69, 58.96 1.0000°
70.75 -284.57,-5.56 .0416°

Cl, confidence interval; ITT, intent-to-treat; Max, maximum; Min, minimum; SD, standard deviation; SE, standard error.

2Adjusted P-value by weighted Holm method.
PNon-adjusted P-value.

and .01, respectively, for comparisons of peramivir 600 mg repeat
dose with peramivir 300 mg single dose and with oseltamivir), AUC
of the total score of three respiratory symptoms over 2 weeks as
response variable, and total score at baseline and chronic respiratory
disease as covariates. The comparison between peramivir 300 mg
and oseltamivir was a secondary analysis. A subgroup analysis was
conducted according to influenza virus type, chronic respiratory
disease, severity of three respiratory symptoms (<5, =5), and age
(<65 years, 265 years).

A secondary efficacy analysis of all pairwise comparisons was
conducted. In the ITT population, the between-group difference in
the mean change from baseline in total score of the three respiratory
symptoms every 24 hours was analyzed using a linear model with
intra-patient correlations between time points. The model included
groups, time points, interaction between groups and time points,
and chronic respiratory disease as explanatory variables with un-
structured intra-patient correlation. The degrees of freedom were
adjusted using Kenward and Roger approximation. Safety analyses
were conducted using the safety analysis set (SAS), which included
all patients who received 21 dose of study drug. TEAEs were catego-
rized by system organ class and preferred term (Medical Dictionary
for Regulatory Activities, version 22.0). No multiplicity adjustment
was conducted except for the primary efficacy analysis. Analyses

were conducted using SAS software version 9.3 (SAS Institute).

3 | RESULTS
3.1 | Demographic and baseline clinical
characteristics

Of 214 patients randomized, 209 received 21 dose of study drug
and comprised the SAS (Figure S1). Screening data before obtain-
ing consent were not available, but the major reason for patient
ineligibility was not having a body temperature 237.5°C during the

previous 12 hours. In the peramivir 600 mg repeat-dose arm, one

patient who withdrew consent was not included in the safety or ITT
analyses. In the peramivir 300 mg single-dose arm, four patients
(two without written consent, one who withdrew consent, and one
who required a prohibited drug) were not included in the SAS; in
addition, one patient who received the allocated treatment was not
included in the ITT population because they did not have a body
temperature 237.5°C within 12 hours before screening and there-
fore did not meet this inclusion criterion. Patient demographics and
baseline clinical characteristics were well balanced between treat-
ment arms, with no significant differences (Table 1). Most patients
were outpatients, aged <65 years, never smokers, with comorbid
bronchial asthma, a total score of three respiratory symptoms 25,

and a predominance of infection by influenza A.

3.2 | Primary outcome measure

3.2.1 | Peramivir 600 mg repeat-dose vs peramivir
300 mg single-dose treatment (primary analysis)

There was no difference between peramivir 600 mg repeat dose and
300 mg single dose with respect to the primary outcome of CATVS
(Table 2). The mean index AUC of 782.78 for peramivir 600 mg
repeat dose equated to an estimated between-group treatment
difference (TD) relative to peramivir 300 mg single dose of 66.70
(95% Cl: -73.62, 207.02; P = .4371). Similarly, there was no differ-
ence between peramivir 600 mg repeat dose and oseltamivir, with
an estimated between-group TD of -78.36 (95% Cl: -215.69, 58.96;
P =1.0000).

3.2.2 | Peramivir 300 mg single-dose vs
oseltamivir treatment

Cumulative area of time vs symptoms was significantly shorter for

peramivir 300 mg single dose compared with oseltamivir (Table 2).
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The mean index AUC of 717.35 for peramivir 300 mg equated to an
estimated between-group TD relative to oseltamivir of -145.07 (95%
Cl: -284.57, -5.56; P = .0416), indicating shorter time to symptom
resolution.

3.2.3 | Subgroup analyses

Compared with peramivir 600 mg repeat dose or oseltamivir, treat-
ment with peramivir 300 mg single dose was associated with shorter
CATVS across a range of subgroups, including virus type, those with
bronchial asthma or pulmonary fibrosis, symptom severity score
<5 or 25, and age <65 years (Table S1). The estimated TD was sig-
nificant for the comparison between peramivir 300 mg single dose
and oseltamivir among patients with influenza A (TD: -206.31; 95%
Cl: -383.86, -28.76; P = .0231), but not for patients with influenza
B where CATVS was similar for all three arms. The estimated TD
was also significant for the comparison between peramivir 300 mg
single dose and oseltamivir among patients with bronchial asthma
(TD: -156.57; 95% Cl: -300.22, -12.92; P = .0328), those with a

(A) Day
OBL12345678910111213

g T T T T T T T T T T T T T

D

1%}

g 4}

€

o

s 2

N

[Ye)

(23

o 3T

(o]

c

©

S a4t

c

[

=

_5.

(©) Day

BL 1 2 3 4 5 6 7 8 9 10 11 12 13

o 00 T T T T T T T T T T T T T

£

D

(2]

[

Ke)

e -05

o

S

S -10F

e

(0]

(o]

f=

& 5t

[5]

c

©

Q

=

-2.0

Peramivir 600 mg

= = = = Peramivir 300 mg

baseline total respiratory symptom severity score <5 (TD: -265.32;
95% Cl: -470.42, -60.21; P = .0120), and for patients <65 years old
(TD: -184.30; 95% Cl: -345.08, -23.52; P = .0249). In each case,
the TD indicated a shorter CATVS for peramivir 300 mg single dose.
Additionally, the estimated TD was significant for the comparison
between peramivir 600 mg repeat dose and oseltamivir for patients
with a baseline total respiratory symptom score <5 (TD: -261.22;
95% Cl: -459.30, -63.15; P = .0105).

3.3 | Secondary outcome measures
3.3.1 | Changes in symptoms

Peramivir 300 mg single dose was associated with significantly
greater decreases from baseline in total symptom score compared
with both oseltamivir (Day 5 and Days 9-13) and peramivir 600 mg
repeat dose (Day 12) (Figure 2A). Compared with oseltamivir, cough
scores decreased significantly more with both peramivir 300 mg sin-
gle dose (Days 8-13) and peramivir 600 mg repeat dose (Day 5 and

Day

C

BL 1 2 3 4 5 6 7 8 9 10 11 12 13

0.0

Mean change (95%Cl) from baseline
I
o
4

(D) Day

OOBL12345678910‘111213

-10 -
5
‘\

a

Mean change (95%Cl) from baseline

Oseltamivir

P<0.05: 2peramivir 300 mg vs oseltamivir, ®peramivir 300 mg vs peramivir 600 mg, °peramivir 600 mg vs oseltamivir

FIGURE 2 Overall mean change from baseline in score of three respiratory symptoms to Day 13: (A) total score, (B) cough, (C) sore
throat, and (D) nasal congestion. Values are mean and 95% CI (ITT population). BL, baseline; Cl, confidence interval; ITT, intent-to-treat.
P < 0.05 (peramivir 300 mg vs oseltamivir). °P < 0.05 (peramivir 300 mg vs peramivir 600 mg). P < 0.05 (peramivir 600 mg vs oseltamivir)
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Days 11-13) (Figure 2B). Decreases in sore throat scores were signifi-
cantly greater with peramivir 300 mg single dose than with oseltami-
vir (Days 5 and 10) and peramivir 600 mg repeat dose (Days 8-11)
(Figure 2C). Decreases in nasal congestion score were similar in the
three groups, except for a greater decrease with peramivir 300 mg

single dose compared with oseltamivir on Day 10 (Figure 2D).

3.3.2 | Virus titer

The reduction in symptom score was associated with a decrease in
viral titer at Days 2, 3, and 7 (Figure 3). At Day 3 following com-
pletion of dosing in the two peramivir arms but not oseltamivir, the
mean (standard deviation) reduction from baseline in virus titer (ex-
pressed as log,, TCID;,/mL) was —-3.74 (2.45) for peramivir 600 mg
repeat dose, -3.49 (2.34) for peramivir 300 mg single dose, and
-3.08 (2.23) for oseltamivir.

In a subanalysis of viral titer by influenza type, patients with in-
fluenza A had a more rapid reduction in viral titer vs those with influ-
enza B (data not shown). Among patients with influenza A, peramivir
300 mg single dose compared with peramivir 600 mg repeat dose
was associated with a significantly greater reduction in viral titer at
Day 2 (P =.0268), and peramivir 600 mg repeat dose compared with
oseltamivir was associated with a significantly greater reduction in
viral titer at Day 3 (P =.0313). There were no differences in viral titer
between the three arms at Day 7.

3.4 | Safety and tolerability measures

Treatment with peramivir 600 mg repeat dose, peramivir 300 mg
single dose, or oseltamivir was well tolerated (Table S2). The inci-
dence of any TEAEs was higher among patients treated with per-

amivir 600 mg repeat dose (25.7%) compared with either peramivir
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FIGURE 3 Overall change from baseline of virus titer at Days
2,3,and 7 (ITT population). Values are mean and SD. Mean (SD)
baseline values were 5.63 (2.04), 5.38 (2.21), and 5.44 (2.13)
log,, TCID,,/mL in the peramivir 600 mg, peramivir 300 mg, and
oseltamivir groups, respectively. ITT, intent-to-treat; SD, standard

deviation; TCID,,, 50% tissue culture infectious dose
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300 mg single dose (13.4%) or oseltamivir (13.9%). However, the only
TEAESs that occurred in 22 patients in any arm were diarrhea, hepatic
function abnormal, vomiting, and decreased appetite. Three patients
experienced SAEs: one patient each with vomiting and pneumonia in
the peramivir 600 mg repeat-dose arm, and one patient with pneu-

mococcal pneumonia in the peramivir 300 mg single-dose arm.

4 | DISCUSSION

This is the first prospective, randomized, head-to-head study of os-
eltamivir and peramivir 600 mg repeat-dose and 300 mg single-dose
regimens in high-risk patients with chronic respiratory diseases.
The findings showed that in patients with respiratory diseases, pre-
dominantly bronchial asthma, there was no difference between the
peramivir dose arms in CATVS. However, treatment with peramivir
300 mg single dose compared with oseltamivir was associated with
a significant reduction in CATVS, suggestive of a shorter cumula-
tive time with symptoms for patients treated with single-dose per-
amivir. Considering individual respiratory symptoms, the reduction
from baseline in cough symptom score was significantly greater
for patients treated with peramivir 300 mg single dose or perami-
vir 600 mg repeat dose compared with oseltamivir. Among patients
with influenza A, peramivir 300 mg single dose was associated with
a shorter CATVS than oseltamivir. Compared with oseltamivir, per-
amivir 300 mg single dose was also associated with a shorter time
to resolution of respiratory symptoms for patients with bronchial
asthma, those aged <65 years, and patients with a baseline total
respiratory symptom score of <5. Further, NAI treatment was well
tolerated irrespective of treatment. Collectively, these findings sug-
gest that peramivir 300 mg single dose is effective and well tolerated
in high-risk patients with chronic respiratory diseases and is able to
reduce the duration of influenza symptoms compared with oseltami-
vir. These results also support previous evidence that, owing to the
rapid increase in plasma concentration after administration,*® per-
amivir reduces virus levels more quickly than oseltamivir® and inde-
pendently of immune status.®

Previous head-to-head trials of NAls have focused on the gen-
eral patient population receiving treatment for acute uncompli-
cated seasonal influenza.”®%” Studies of patients with high-risk
features have also been conducted,**'8?2 including with perami-
vir 300 or 600 mg/d administered for 1-5 days (mostly 1-2 days)
as needed.* This latter trial included patients with diabetes and
chronic respiratory diseases and showed a shorter median dura-
tion of influenza for patients who received peramivir 600 mg/d
compared with 300 mg/d.** However, the sample size was small.
Another study directly compared intravenous peramivir 600 mg
single dose (a second dose was necessary in three of 46 patients)
with oseltamivir 75 mg twice daily for 5 days in high-risk patients
with influenza A or B infection.'? Changes in mean total symptom
scores and virus titer were similar between treatments, whereas
peramivir 600 mg single dose was somewhat better tolerated. The

present study adds to these findings in that it establishes either
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peramivir 300 mg single dose or 600 mg repeat dose as an effec-
tive antiviral option in patients with chronic respiratory diseases.
In particular, peramivir 300 mg single dose offered greater efficacy
than oseltamivir in patients with bronchial asthma and influenza A.
Although a potential benefit for the 600 mg repeat-dose regimen
could not be established, with the 300 mg single-dose regimen
providing significant antiviral effect and symptom reduction, the
former regimen may be more appropriate for the inpatient set-
ting. Thus, it is relevant that the majority of patients treated in
this study were outpatients. Our findings also confirm the safety
of intravenous peramivir in patients with high-risk features, with
overall safety consistent with post-marketing safety evaluations
of peramivir.'®

In addition to providing superior symptom relief over-
all, peramivir 300 mg single dose also had an impact on cough.
Influenza symptoms are triggered in response to upper airway
infection, damage to the respiratory epithelium, and the subse-
quent host immune response.23 Peramivir’s mechanism of action
is explained by its potent inhibition of influenza neuraminidase
enzyme, with prolonged binding compared with either oseltami-
vir or zanamivir.2* Given peramivir’s effect on cough was superior
to oseltamivir, this indicates that its strong antiviral effect may
reduce damage to the airway epithelium leading to earlier allevia-
tion of symptoms. Viruses such as influenza are implicated in the
majority of asthma and COPD exacerbations.?> The diminished
cough associated with peramivir in the present context may re-
flect reductions in virus-associated epithelial activation and de-
generation, which stimulate persistent cough through mechanisms
involving inflammatory mediators?® and stimulation of C-fibers,?’

respectively.

4.1 | Study strengths and limitations

This study permitted robust comparison between peramivir and os-
eltamivir while minimizing the potential for selection bias through
randomization. The inclusion of high-risk patients, for whom NAI
head-to-head data are limited, expanded the understanding of
peramivir's efficacy beyond patients with uncomplicated influenza
to include high-risk patients who are likely to benefit most from
NAI treatment. As an open-label study, there was the potential
for selection bias related to the inability to conceal treatment al-
location. Blinded outcome assessment was not undertaken as it
would have required a double-blind, double-dummy design. The
inclusion of a control group through which to compare treatment
outcomes in patients with and without chronic respiratory dis-
eases would have strengthened the study. Outcome assessment
depended on subjective self-reports of respiratory symptoms,
which may have resulted in detection bias as patients receiving
in-clinic intravenous treatment may have viewed symptom reso-
lution more positively than patients taking oral treatment. The
peramivir 600 mg repeat-dose regimen required a clinic visit on

the second day, which potentially affected patients’ subsequent

recovery. Regardless, intravenous peramivir even for the 600 mg
repeat-dose regimen achieved at least comparable results to os-
eltamivir and showed superiority in some measures, suggesting

that this was not a study limitation.

5 | CONCLUSION

In the main analysis, there were no significant differences in CATVS
between peramivir 600 mg repeat dose and either peramivir 300 mg
single dose or oseltamivir. Secondary analysis showed a significant
difference between peramivir 300 mg single dose and oseltamivir.
Significant differences between peramivir and oseltamivir were
seen for several secondary endpoints, including changes in respira-
tory symptoms (especially cough). Differential effects of peramivir
and oseltamivir on other outcomes, including the COPD Assessment

Test, will be reported elsewhere.
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