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Background. Both the elderly and individuals with comorbidities are at increased risk of developing influenza-related com-
plications. Novel influenza antivirals are required, given limitations of current drugs (eg, resistance emergence and poor efficacy).
Pimodivir is a first-in-class antiviral for influenza A under development for these patients.

Methods.
75 mg or placebo plus oseltamivir 75 mg twice daily for 7 days in this phase 2b study. The primary objective was to compare

Hospitalized patients with influenza A infection were randomized 2:1 to receive pimodivir 600 mg plus oseltamivir

pimodivir pharmacokinetics in elderly (aged 65-85 years) versus nonelderly adults (aged 18-64 years). Secondary end points in-

cluded time to patient-reported symptom resolution.
Results.

Pimodivir pharmacokinetic parameters in nonelderly and elderly patients were similar. Time to influenza symptom res-

olution was numerically shorter with pimodivir (72.45 hours) than placebo (94.15 hours). There was a lower incidence of influenza-
related complications in the pimodivir group (7.9%) versus placebo group (15.6%). Treatment was generally well tolerated.

Conclusions.

No apparent relationship was observed between pimodivir pharmacokinetics and age. Our data demonstrate the

need for a larger study of pimodivir in addition to oseltamivir to test whether it results in a clinically significant decrease in time-to-

influenza-symptom alleviation and/or the frequency of influenza complications.
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Influenza is a worldwide public health challenge, with consider-
able morbidity and mortality [1]. Elderly people and those with
high-risk medical conditions (eg, chronic lung disease, heart dis-
ease, diabetes, or being immunocompromised) are vulnerable
to complications [2, 3]. These populations are most likely to re-
quire hospital and/or intensive care unit (ICU) admission [2, 3].
In the United States, individuals aged >65 years have the highest
hospitalization rate (59% of reported influenza-associated
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admissions), and death rate (approximately 90% of influenza-
related deaths) due to influenza [4, 5].

Currently 3 antiviral drug classes are approved for in-
fluenza treatment: adamantanes, neuraminidase inhibi-
tors (NAIs), and endonuclease inhibitors, all of which have
limitations [6-8]. Widespread resistance to adamantanes
precludes their routine clinical use and has led to a reli-
ance on NAIs (including oseltamivir, the most widely pre-
scribed NAI) [6]. The cap-dependent endonuclease inhibitor
baloxavir marboxil has been approved in the United States
and Japan for the treatment of acute uncomplicated influ-
enza in adolescents, adults, and in populations at high-risk
of developing flu-related complications [7, 8]. However, re-
sistance has been reported in 2.2%-20% of cases in clinical
trials, depending on age and other factors [7]. No direct-
acting antivirals are approved for influenza-infected hos-
pitalized patients. In patients hospitalized with influenza,
intravenous NAIs, peramivir and zanamivir, showed no ben-

efit over standard of care [9, 10].
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Currently there are no antivirals approved to treat patients >48
hours after symptom onset, which is another challenge with avail-
able therapies [11]. NAIs are frequently utilized as influenza treat-
ment in hospitalized adults; however, because NAI effectiveness is
inversely correlated with time from symptom onset to treatment
initiation, the benefit of NAIs is greatest when started <48 hours of
symptom onset. This time window is often not met in the hospital
setting, which likely affects the utility of antiviral therapy.

Pimodivir (previously JNJ-63623872 or VX-787) is under
development for influenza A treatment in hospitalized and
high-risk patients. Pimodivir is a nonnucleoside inhibitor of
the polymerase basic protein 2 (PB2) subunit of the influenza
A virus polymerase complex, resulting in reduced RNA repli-
cation [12]. In a phase 2b study (TOPAZ), pimodivir resulted
in significant virologic improvements [13]. The primary objec-
tive of this study evaluated the effect on the pharmacokinetics
of pimodivir in patients hospitalized with influenza A infection
aged 65-85 years compared with patients aged 18-64 years; sec-
ondary objectives assessed the safety and the antiviral effect of
pimodivir in combination with oseltamivir and the Hospital
Recovery Scale was used to characterize potential clinical bene-
fits of pimodivir.

METHODS

Study Design
Patients were randomized 2:1 (stratified by age) to receive
a twice-daily combination of oral pimodivir 600 mg plus
oseltamivir 75 mg, both for 7 days (pimodivir plus oseltamivir
group) or placebo plus oseltamivir 75 mg twice daily (placebo
plus oseltamivir group) (Figure 1). In patients with an estimated
glomerular filtration rate (eGFR) > 30 to < 60 mL/min/1.73 m?,
oseltamivir dose was reduced to 30 mg twice daily according to
the modification of diet in renal disease equation; dose was sub-
sequently adjusted from 30 mg to 75 mg and vice versa during
treatment, based on eGFR [14].

An Independent Ethics Committee and Institutional Review
Board reviewed the study protocol and amendments. The

study was conducted in concordance with the Declaration
of Helsinki. Patients or their legally acceptable representa-
tives provided written informed consent before study enroll-
ment. An Independent Data Monitoring Committee reviewed
all safety data throughout the study. The study was registered
with European Union Drug Regulating Authorities Clinical
Trials (EudraCT; 2015-003002-17) and ClinicalTrials.gov
(NCT02532283) databases.

Patient Population

Patients aged 18-85 years were included if they required hos-
pitalization for influenza and/or complications of influenza,
tested positive for influenza A (using a polymerase chain reac-
tion [PCR]-based rapid molecular diagnostic assay) and were
capable of swallowing the study drugs. Patients had to complete
patient-reported outcome (PRO) assessments. There was no re-
striction at screening relative to time from influenza symptom
onset. For detailed exclusion criteria see Supplementary
Material.

Study Outcomes

The primary end point was pimodivir pharmacokinetics,
aiming to compare results in patients aged 65-85 years (eld-
erly) with patients aged 18-64 years (nonelderly), as assessed
through venous blood sampling at different time points.
A minimum of 24 patients were enrolled per arm. Secondary
end points included: safety and tolerability; time to influenza
viral negativity; area under the plasma concentration-time
curve (AUC) of viral load using quantitative reverse tran-
scription PCR (qRT-PCR) and/or viral culture; disease status/
progression; incidence of investigator-determined influenza-
related complications after the start of study treatment (in-
cluding bacterial pneumonia, other bacterial superinfections,
respiratory failure, pulmonary disease, cardiovascular and
cerebrovascular disease, post baseline ICU admission, all-
cause mortality); duration and severity of clinical symptoms
as measured by PRO assessments (influenza intensity and
impact questionnaire [FLU-iiQ], FLU-PRO, and additional
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Figure 1. Study design schematic. Abbreviations: B, baseline; D, day.
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daily diary items) using an electronic device for entering and
transferring data on an ongoing basis [15]; and the Hospital
Recovery Scale to capture clinical status.

Study Evaluations

Pharmacokinetics

Patients underwent intensive pharmacokinetic sampling on
day 3: prior to the morning dose, and at 1, 2, 4, 6, 8, 10, and
12 hours post morning dose (prior to the evening dose). For
patients discharged before day 3, no intensive sampling was
performed. Plasma pimodivir concentrations were measured
by PRA Health Sciences Bioanalytical Laboratories (Assen, the
Netherlands) using a validated, specific, sensitive liquid chro-
matography with tandem mass spectrometry assay (lower limit
of quantification of 2.00 ng/mL).

Safety

Adverse events (AEs), including investigator-determined
influenza-related complications, were reported by patients
voluntarily or through study visit interviews (Supplementary
Material). AEs were coded using the Medical Dictionary for
Regulatory Activities, version 19.1 [16]. Treatment-emergent
AEs (TEAEs) were defined as AEs reported or worsened on or
after the start of study drug(s) dosing through the 28-day safety
follow-up.

Viral Kinetics and Resistance Testing

Nasal midturbinate swab samples from both nostrils were
pooled and analyzed by qRT-PCR and/or by determining me-
dian tissue culture infective dose (TCID,,) and/or by PCR-based
rapid molecular testing (if applicable). TCID, measurements
were analyzed using nucleoprotein enzyme-linked immuno-
sorbent assay (NP-ELISA) and hemagglutination inhibition
assay. Virology testing was performed by Viroclinics Biosciences
(Rotterdam, the Netherlands). Resistance testing was performed
using genotypic analysis by Sanger sequencing of PB2 and NA
genes of baseline and last virus-positive post baseline sample;
changes in PB2 and NA sequences were evaluated against the
seasonal reference strains; and phenotypic susceptibility ana-
lyses in a cell-culture based assay with Madin-Darby canine
kidney cells (Influenza ViroSpot assay) and the influenza NA
Inhibitor Reagent kit NA Star (Applied Biosystems) to obtain
a 50% inhibitory concentration for pimodivir and oseltamivir
were performed, respectively.

Efficacy

FLU-iiQ influenza PRO questionnaire evaluated symptom se-
verity [17]. Patients completed questionnaires in their native
language or a language in which they were fluent and literate.
Incidence and severity of symptoms (individual and composite)
were evaluated twice daily (preferably morning and evening)
from day 1 to 14 and once daily from day 15 to the final study
visit (preferably in the evening).

Hospital Recovery Scale

The Hospital Recovery Scale end point used here was adapted
from a previous scale with similar categories (Supplementary
Material) [18]. The worst category each calendar day was re-
corded for each patient. Analysis was performed on day 8 using
a proportional odds model, modeling the common odds ratio
(OR) of the improvement of pimodivir plus oseltamivir versus
placebo plus oseltamivir. Baseline Hospital Recovery Scale and
age group were added to the model.

Time to Hospital Discharge

Length of overall hospital stay was calculated from the date of
first study drug(s) intake to the date of discharge. Patients still
hospitalized at the end of the study were censored at last contact.

Statistical Analysis

Based on clinical insights and sensitivity analysis, 72 and 96
hours since symptom onset are the most relevant cutoffs to
identify subgroups for additional analyses. To evaluate these
cutoffs, exploratory analyses of viral load over time, time to
viral negativity (based on qRT-PCR and/or viral culture from
nasal midturbinate swabs and, if applicable, PCR-based rapid
molecular testing from nasal midturbinate swabs) and Hospital
Recovery Scale were performed.

A sample size of >60 patients was estimated to lead to ac-
ceptable precision for primary pharmacokinetics parameters.
Descriptive statistics were performed for the pharmacokinetics-
evaluable population (patients from whom at least 1 pharmaco-
kinetic parameter was obtained).

The study was not powered to show statistically significant
differences in virologic parameters or clinical end points, but
exploratory analyses were performed. The cutoff for viral
titer negativity was <0.75 log, ) TCID, /mL (further defined
in the Supplementary Material). Time to influenza A viral
negativity was summarized using a Kaplan-Meier curve.
AUC was estimated for each treatment arm and compared
using a mixed model for repeated measurements, containing
treatment group, age group, visit, and their interactions as
model parameters.

Descriptive statistics were used for all efficacy end points pre-
sented by treatment arm, age cohort, and time since symptom
onset. All time-to-clinical-outcome end points and time to hos-
pital discharge were presented using Kaplan-Meier curves. For
treatment arm comparisons, time-to-event end points were
analyzed using an accelerated failure time model, including
age group and applicable baseline characteristics as model
parameters.

RESULTS

Patient Disposition and Baseline Characteristics
Patients were recruited at 40 centers in 11 countries between
January 2016 and March 2017. Of 194 patients screened, 102
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patients were randomized to treatment, 3 of which withdrew
consent prior to treatment start. Therefore, the safety set of
patients who received >1 dose of study drug(s) comprised
99 patients (pimodivir plus oseltamivir, n = 64; placebo plus
oseltamivir, n = 35). In 4 of these patients influenza A infec-
tion was not confirmed by virology data and the results were
excluded from the full analysis set (FAS), which comprised
95 patients (pimodivir plus oseltamivir, n = 63; placebo plus
oseltamivir, n = 32), comprising 39 elderly patients and 56
nonelderly patients. Of the 95 patients, 86.3% (82/95) com-
pleted treatment with 85.3% (81/95) completing the study
(Supplementary Figure 1).

Reasons for treatment discontinuation included AEs (n = 6),
protocol violation (n = 1), consent withdrawal (n = 4), and
loss to follow-up (n = 2). No relevant differences in study and
treatment discontinuations were observed between elderly and
nonelderly subgroups, or between pimodivir plus oseltamivir
and placebo plus oseltamivir.

Demographics between treatment groups for the FAS were
generally similar, with imbalances in some categories (eg,
time since onset of symptoms, race, tobacco use; Table 1).
The median age was 61 (range, 19-85) years, with 41.1%
(39/95) elderly patients. The time from the onset of influ-
enza symptoms to enrollment in the trial was <72 hours for

Table 1. Patient Demographic Characteristics at Baseline (Full Analysis Set)

Pimodivir 600 mg + Placebo + All Patients

Characteristic Oseltamivir 75 mg (n = 63) Oseltamivir 75 mg (n = 32) (N =95)
Sex female, n (%) 26 (41.3) 15 (46.9) 41 (43.2)
Age, y, median (range) 60.0 (19-85) 61.0 (26-80) 61.0 (19-85)
Age categories, n (%)

18-< 64y 38 (60.3) 18 (56.3) 56 (58.9)

65-85y 25 (39.7) 14 (43.8) 39 (41.1)
Weight, kg, median (range) 80.0 (38.0-142.4) 75.0 (48.0-128.0)° 76.7 (38.0-142.4)°
Race, n (%)

American Indian or Alaska Native 1(1.6) 0 1(1.1)

Asian 5 (7.9) 7 (21.9) 12 (12.6)

Black or African American 6 (9.5) 6(18.8) 12 (12.6)

Multiple 0 1(3.1) 1(1.1)

Other 2(3.2) 1(3.1) 3(3.2)

Unknown 2(3.2) 0 2(2.1)

White 47 (74.6) 17 (63.1) 64 (67.4)
BMI, mean kg/m? (SD) 279 (6.4) 28.1 (56.3) 28.0 (6.0)
Tobacco user, n (%) 15 (23.8) 4 (12.5) 19 (20.0)
Influenza subtype category, n (%)

H1N1 19 (30.2) 10 (31.3) 29 (30.5)

H3N2 42 (66.7) 22 (68.8) 64 (67.4)

Unknown subtype 2(3.2) 0 2(2.1)
Influenza A viral load by gRT-PCR, log,, vp/mL

Mean (SD) 5.45 (1.74) 5.90 (1.61) 5.60 (1.67)

Median (range) 5.64 (0.0-8.4) 5.83 (3.1-9.1) 5.75 (0.0-9.1)
Influenza A viral titer, log,, TCID,/mL

Mean (SD) 1.82 (1.51)° 2.13 (1.76)° 1.92 (1.60)°

Median (range) 1.38 (0.4-5.3)° 1.75 (0.4-6.3)° 1.50 (0.4-6.3)°
Time since onset of influenza symptoms, n (%)

<72h 21(34.4) 15 (46.9) 36 (38.7)

>72 h 40 (65.6) 17 (63.1) 57 (61.3)

<96 h 34 (55.7) 21 (65.6) 55 (59.1)

>96 h 27 (44.3) 11 (34.4) 38 (40.9)

Unknown 2(3.2) 0 2(2.1)
Hospital recovery scale category

Non-ICU + no supplemental oxygen, n (%) 31 (49.2) 19 (59.4) 50 (52.6)

Non-ICU + supplemental oxygen, n (%) 32 (50.8) 13 (40.6) 45 (47.4)

Abbreviations: BMI, body mass index; ICU, intensive care unit; gRT-PCR, quantitative reverse transcription polymerase chain reaction;TClDSD, 50% tissue culture infective dose.

°n =32
°n = 94.
°n = 58.
“n = 30.
°n = 88.

112 « JID 2022:226 (1 July) » O'Neil etal


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa376#supplementary-data

38.7% (36/93) of patients and <96 hours for 59.1% (55/93)
of patients.

Pimodivir Pharmacokinetics

Of the 63 patients treated with pimodivir plus oseltamivir
(FAS), pharmacokinetics of pimodivir were obtained in 35 pa-
tients (elderly, n = 15; nonelderly, n = 20; Table 2). Appreciable
between-patient variability was observed in pharmacokinetic
parameters and concentration-time profiles (Figure 2) for both
elderly and nonelderly patients. Point estimates of the geometric
mean ratio for minimum concentration (C_, ), maximum con-
centration (C_ ), and AUC,
patients were 105%, 112%, and 116%, respectively, with similar

between elderly and nonelderly

range of variability (Table 2).

Exposure in 1 patient was approximately 2.5 standard de-
viations above the mean exposure in the elderly group (C
17 300 ng/mL; AUC,,,
80-year-old woman weighing 38 kg, and study drugs were dis-

‘max’

90 355 ng.h/mL); this patient was an

continued due to hyperbilirubinemia (see section “Safety”)
(Supplementary Table 1). Sensitivity analyses performed ex-
cluding this patient (Supplementary Table 2 and Figure 2) had
similar results.

Safety

Safety profiles were generally similar between the treatment
groups, including grade 3 or 4 TEAESs, severe or life-threatening
TEAEs and serious AEs (SAEs) (Table 3 and Supplementary
Table 3). The most frequently reported TEAE was diarrhea, typ-
ically mild and transient.

Irrespective of grade, there were no clinically relevant differ-
ences in laboratory parameters between treatment groups or
elderly and nonelderly subgroups. In some instances, influenza-
related complications were treated with concomitant antibiotics
or corticosteroids.

Differences by Treatment Received

TEAEs resulting in permanent discontinuation of study drug(s)
were reported by 1 patient (1.6% [1/64]) in the pimodivir plus
oseltamivir group (hyperbilirubinemia) and in 14.3% (5/35)
of patients who received placebo plus oseltamivir (headache,

glomerular filtration rate decreased, liver function test in-
creased, blood creatinine increased, and stroke).

At least 1 SAE was reported by 17.2% of patients treated with
pimodivir plus oseltamivir and 11.4% of patients who received
placebo plus oseltamivir (Table 3). Each SAE was experienced
by only 1 patient. Worst grade 3 or 4 AEs were reported in 9/64
and 6/35 patients who received pimodivir plus oseltamivir and
placebo plus oseltamivir, respectively. Each individual grade 3
or 4 AE term was reported in a maximum of 1 patient. One
patient experienced a grade 3 hypersensitivity reaction, which
was the only SAE considered to be at least possibly related to
pimodivir treatment by the investigator. One death was re-
ported in the pimodivir plus oseltamivir group—a cardiac ar-
rest during follow-up considered doubtfully related to the study
drug(s) by the investigator.

Differences by Age Group

In patients who were treated with pimodivir plus oseltamivir,
diarrhea was more frequent in elderly patients versus nonelderly
patients (24% [6/25] vs 17.9% [7/38], respectively). Diarrhea was
more frequent in elderly patients treated with pimodivir plus
oseltamivir than those who received placebo plus oseltamivir
(7.1% [1/14]), but similar in both nonelderly treatment groups.
No other significant differences were observed.

Viral Kinetics

Pimodivir Plus Oseltamivir Group Versus Placebo Plus

Oseltamivir Group

At baseline, in the FAS, overall median viral load (QRT-PCR)
was 5.7 log, virus particles (vp)/mL, and median viral titer
(viral culture) was 1.5 log,, TCID, /mL. The estimated dif-
ference in viral load AUC of pimodivir plus oseltamivir
treatment versus placebo plus oseltamivir treatment in the
overall dataset was small (0.7 log,, vp/mL*day; 95% confi-
dence interval [CI], —3.0 to 4.3); results were similar for the
elderly and nonelderly subgroups. The difference in AUC for
the <72-hour and <96-hour subgroups was —2.2 (95% ClI,
-8.0 to 3.7) log,, vp/mL*day and -0.9 (95% CI, —5.4 to 3.6)
log,, vp/mL*day, respectively, with similar results in the eld-
erly and nonelderly subgroups.

Table 2. Pimodivir Pharmacokinetic Parameters in Patients Administered Pimodivir at 600 mg Twice Daily in Combination With Oseltamivir at 75 mg
Twice Daily in Elderly and Nonelderly Subjects With Influenza A Infection (Pharmacokinetics Data Analysis Set)

Elderly Adults, Nonelderly Adults, Geometric Mean
Pharmacokinetic 65 to <85y, 18to <64y, Ratio of Elderly to Overall
Parameter Mean (SD) (n = 15) Mean (SD) (n = 20)* Nonelderly, % 90% CI CV, % (n =35)°
C,..» ng/mL 738 (892) 507 (414) 104.9 62.1-177.3 112.9 603 (655)
C.., NG/ML 5933 (4427) 5378 (3888) .7 70.7-176.5 93.3 5616 (4074)
AUC,, ng.h/mL 27 386 (25 191) 20 101 (11 063) 116.1 76.5-176.2 82.7 23 224 (18 522)

Abbreviations: AUC
observed analyte concentration; CV, coefficient of variation.

n=21forC_,
’n=36forC_,

area under the plasma concentration-time curve from time 0-12 h after dosing; Cl, confidence interval; C__ . maximum observed analyte concentration; C ., minimum
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Figure 2. Mean (SD) plasma concentration-time profiles for pimodivir after administration of pimodivir (600 mg, twice daily) plus oseltamivir (75mg, twice daily) in all

patients.

The estimated difference in viral titer over time by culture
(AUC) was small between pimodivir plus oseltamivir and pla-
cebo plus oseltamivir groups (=0.5 log  TCID, /mL*day; 95%
CI, -2.0 to 1.0). In the <72-hour and <96-hour subgroups, es-
timated difference in viral titer over time (AUC) was —1.2 (95%
CI, -4.2 to 1.8) and 0.9 (95% CI, -3.0 to 1.3) log, TCID,_/
mL*day, respectively, with pimodivir plus oseltamivir than with
placebo plus oseltamivir. There was no meaningful difference
between age groups. Pimodivir plus oseltamivir treatment re-
sulted in, on average, 36% and 28% faster time to viral negativity
than placebo plus oseltamivir in the <72-hour and <96-hour
subgroups, respectively (Figure 3).

Efficacy
Unless otherwise noted, efficacy in the elderly and nonelderly
subgroups was similar.

Incidence of Influenza Complications

The incidence of investigator-determined influenza-related
complications in the FAS in patients treated with pimodivir plus
oseltamivir was 7.9% (5/63) versus 15.6% (5/32) in patients who
received placebo plus oseltamivir; the corresponding OR ad-
justed for age strata was 0.470 (95% CI, .131-1.692). Influenza-
related complications in patients treated with pimodivir plus
oseltamivir versus placebo plus oseltamivir in both the <72-
hour and <96-hour subgroups were 4.8% (1/21) versus 26.7%
(4/15) and 5.9% (2/34) versus 23.8% (5/21), respectively.

Hospital Recovery Scale
Both treatment groups had similar Hospital Recovery Scale pro-
files at baseline. All patients were admitted to the hospital ward;

50.8% (32/63) received supplemental oxygen in the pimodivir
plus oseltamivir group and 40.6% (13/32) in the placebo plus
oseltamivir group. Seven days of treatment with pimodivir plus
oseltamivir or placebo plus oseltamivir resulted in similar clinical
outcomes on the Hospital Recovery Scale at day 8, as expressed by
a common OR of 1.06 (95% CI, .43-2.47) (adjusted for baseline
clinical outcome category and age strata, FAS). Proportional odds
model assumptions were not violated. At day 8, the same common
OR for the <72-hour subgroup was 0.40 (95% CI, .09-1.71) and
for the <96-hour subgroup was 0.50 (95% CI, .16-1.56), indicating
a 60% and 50% improvement, respectively, on the odds of a better
clinical outcome after treatment with pimodivir plus oseltamivir
versus placebo plus oseltamivir (Figure 4).

Patient-Reported Outcomes
In the FLU-iiQ assessment, the median time to resolution of influ-
enza symptoms was defined as time of first 2 evaluations in which
symptom scores were none or mild for each of 7 primary influenza
symptoms (cough, sore throat, headache, nasal congestion, feeling
feverish, body ache, and fatigue). Median time to resolution with
pimodivir plus oseltamivir was 72.45 hours (95% CI, 39.05-110.77
hours) compared with 94.15 hours with placebo plus oseltamivir
(95% CI, 51.68-145.00 hours) in the FAS (Supplementary Figure 3).
Median time to resumption of usual activities in the FAS
was 124.8 (95% CI, 85.9-207.5) hours in the pimodivir plus
oseltamivir group versus 162.2 (95% CI, 58.1-386.4) hours for
placebo plus oseltamivir.

Time to Hospital Discharge
The pimodivir plus oseltamivir group showed a similar esti-
mated median time to hospital discharge versus the placebo
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Table 3. Adverse Events Reported in at Least >10% of Patients Within Any Treatment Group

Pimodivir 600 mg + Oseltamivir Placebo + Oseltamivir
MedDRA System Organ Class Dictionary-derived Term 75 mg, n (%) (n = 64) 75 mg, n (%) (n = 35)
TEAEs
Any AE 48 (75.0) 25 (71.4)
Severe AE 5 (7.8) 3(8.6)
Life-threatening AE 4 (6.3) 4 (11.4)
Any AE with fatal outcome 1(1.6)° 0
Worst grade 1 or 2 AE 39 (60.9) 19 (54.3)
Worst grade 3 AE 5(7.8) 2 (5.7)
Worst grade 4 AE 4 (6.3) 4 (11.4)
Gastrointestinal disorders 29 (45.3) 12 (34.3)
Diarrhea 13 (20.3) 4 (11.4)
Nausea 9(14.1) 5(14.3)
General disorders and administration site conditions 12 (18.8) 2 (5.7)
Respiratory, thoracic, and mediastinal disorders 12 (18.8) 6 (17.1)
Cough 4(6.3) 4(1.4)
Nervous system disorders 11(172) 5(14.3)
Headache 7 (10.9) 3(8.6)
Infections and infestations 7 (10.9) 3(8.6)
Musculoskeletal and connective tissue disorders 7 (10.9) 5(14.3)
Metabolism and nutrition disorders 5(78) 4 (11.4)
Abnormal laboratory investigations 4(6.3) 7(20.0)
SAEs
Any SAE 1 (172) 4(11.4)
Any SAE among elderly patients (65-85 y) 6 (24) 3(7.1)
Any SAE among nonelderly patients (18-64 y) 8(12.8) 5(14.3)
Any SAE at least possibly related to treatment 1(1.6)° 0

Abbreviations: AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event.

“Death was considered doubtfully related to pimodivir.

®Serious TEAE was hypersensitivity and considered possibly related to pimodivir + oseltamivir.

plus oseltamivir group (4.00 [95% CI, 3.00-5.00] days and 4.00
[95% CI, 3.00-4.00] days, respectively); similar results were
seen for the same comparisons within the <72-hour and <96-
hour subgroups.

Treatment Resistance

No PB2 mutations at any of the positions of interest were ob-
served in post baseline samples from patients treated with
pimodivir plus oseltamivir. Emergence of the oseltamivir
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Figure 3. Time to viral negativity determined by viral culture in patients treated with pimodivir plus oseltamivir compared with placebo plus oseltamivir. Abbreviations:

AFT, accelerated failure time; Cl, confidence interval.
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Figure 4. Changes in patient status determined by the Hospital Recovery Scale in patients who started treatment within <72 hours (n = 36) or <96 hours (n = 55) after onset

of influenza symptoms. Abbreviations: BL, baseline; ICU, intensive care unit; ECMO, extra corporeal membrane oxygenation.

mutation H275Y was observed in 1 patient in the placebo plus
oseltamivir group.

DISCUSSION

In this study, pharmacokinetics in elderly patients were not
different from those in nonelderly patients. Pimodivir plus
oseltamivir was generally well tolerated upon repeated dosing
in hospitalized patients, with diarrhea being the most common
AE which was typically mild and transient. Our results are
consistent with those from the phase 1 study which found no
safety concerns between pimodivir and oseltamivir in healthy
volunteers [19], and also with another phase 2 study (TOPAZ)
in high-risk influenza A-infected patients, where plasma con-
centrations of pimodivir 600 mg were similar with and without
oseltamivir 75 mg, with good tolerability [13].

In the subgroups of patients who initiated treatment at <72
or <96 hours after the onset of symptoms, the pimodivir plus
oseltamivir group appeared to have faster time to viral nega-
tivity than the oseltamivir plus placebo group. This highlights
the potential for a longer treatment window than oseltamivir

alone; this is important because patients typically present later
in the course of their illness [20, 21]. Larger studies are needed
to confirm this.

Patients in the pimodivir plus oseltamivir group experi-
enced a 21.7-hour shorter time to resolution of the 7 primary
influenza symptoms and 37.4-hour shorter time to resump-
tion of usual activity compared with placebo plus oseltamivir.
However, as the trial was not powered for time to viral neg-
ativity of symptom resolution, statistical analyses were not
performed. Although the study was not powered to detect
between-group differences, there was a trend towards a lower
incidence of influenza-related complications in the pimodivir
plus oseltamivir group. However, no clear differences were ob-
served for time to hospital discharge. This could be due to fac-
tors that were not assessed within the study, such as individual
patient factors (eg, underlying conditions) or physician opinion
on the suitability of patients to be discharged.

The absence of emerging pimodivir resistance aligns with
observations from the TOPAZ study, where pimodivir 600 mg
plus oseltamivir resulted in a lower frequency of pimodivir
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resistance (1/57 patients had an emerging pimodivir
resistance-associated PB2 substitution) versus pimodivir
alone (10/115 patients with an emerging PB2 resistance in
the 300 mg and 600 mg dose groups combined) [13]. In con-
trast, treatment-emergent amino acid substitutions in the
polymerase acidic protein inducing reduced susceptibility to
baloxavir have been observed in 2%-20% of cases in clin-
ical trials; the impact of dual therapy with baloxavir and
oseltamivir on resistance emergence has not been prospec-
tively studied [22]. Additionally, the sole H275Y mutation
that emerged on therapy was in the placebo plus oseltamivir
group. This further supports the development of combina-
tion therapy for influenza treatment.

This study has several limitations. Small sample size and large
between-patient variability in pimodivir pharmacokinetics
limit our conclusions. Because hospitalized patients underwent
intensive pharmacokinetic sampling on day 3, no pharmaco-
kinetic data were available for patients who were discharged
before day 3 (ultimately 45% of enrolled patients); hence, the
pharmacokinetics evaluable dataset is smaller than the safety
and FAS datasets. This was due to the rate of patient withdrawal
and reflects the real-life situations within hospitals.

To aid development of agents in hospitalized adults with in-
fluenza, an ordinal scale has been proposed as a way of ana-
lyzing multiple factors simultaneously [23] because no single
best end point for evaluating new treatments in these popula-
tions has been determined. This study suggests that a Hospital
Recovery Scale may be a useful end point for clinical studies of
influenza antivirals, by capturing the clinical status of patients
each day from baseline to end of treatment, representing the
full spectrum of severity after initial infection—improvement
on this scale is of clear relevance to patients and providers.
A phase 3 hospital-based study (SAPPHIRE; clinicaltrials.gov,
NCT03376321; EudraCT, 2017-002156-84) will use an up-
dated version of the Hospital Recovery Scale as the primary end
point, aiming to simultaneously capture clinically meaningful
outcomes and meet regulatory standards. A phase 3 outpatient
study of high-risk adults with influenza (DIAMOND study;
clinicaltrials.gov, NCT03381196; EudraCT, 2017-002217-59)
will use time to symptom resolution as the primary end point.

Addressing influenza public health challenges requires novel
agents with the ability to expand the treatment window from
symptom onset until treatment initiation [24, 25]. In this study, oral
pimodivir plus oseltamivir showed a favorable safety profile, with
pharmacokinetic profiles unaffected by age. This preliminary ex-
ploratory efficacy trial demonstrated promising antiviral and clin-
ical benefits in at-risk, hospitalized influenza A-infected patients.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and

are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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