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Abstract Influenza infection tends to be severe in patients
with chronic underlying diseases. This study evaluated the
efficacy and safety of laninamivir octanoate, an inhaled
neuraminidase inhibitor, for the treatment of influenza
patients with chronic respiratory diseases; we conducted a
double-blind, randomized controlled trial to compare the
efficacy and safety of laninamivir octanoate and oseltamivir
for the treatment of influenza in these patients. A total of
203 patients aged >20 years were randomized to receive
either laninamivir octanoate or oseltamivir. The primary
efficacy endpoint was the time to illness alleviation. This
study is registered with JapicCTTI; the registration number is
JapicCTI-090940. The full analysis set (FAS) included a
total of 201 patients (laninamivir group, n = 101; osel-
tamivir group, n = 100). Most patients had underlying
bronchial asthma and 170 patients were infected with
influenza A(H1N1)2009. The median time to illness alle-
viation was 64.7 h in the laninamivir group and 59.7 h in
the oseltamivir group, with a difference of 5.0 h between
the two groups (95 % confidence interval, —13.6 to 16.1 h).
No adverse events specific to laninamivir octanoate were
observed, and adverse events such as bronchospasm, which
has been reported to be observed with other inhaled drugs
related to laninamivir octanoate, did not occur. Laninamivir
octanoate showed similar efficacy and safety to oseltamivir
in the treatment of influenza, including that caused by
influenza A(HIN1)2009, in patients with chronic respira-
tory diseases.
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Introduction

Influenza is a seasonal respiratory infection, and can be
associated with serious illness, or even death, particularly
in high-risk populations, such as the elderly, children,
pregnant women, and patients with underlying respiratory
and cardiac diseases, raising medical and social concerns
[1]. In recent years, the influenza pandemic caused by the
highly pathogenic H5N1 avian influenza virus has been a
concern worldwide, but a pandemic of influenza
A(HIN1)2009 occurred in 2009. It has been suggested that
influenza A(HIN1)2009 infection also tends to cause
serious illness in high-risk patients [2], and the necessity
for early treatment with neuraminidase inhibitors has been
increasingly clearly recognized [3—6]. On the other hand,
the worldwide spread of oseltamivir-resistant HIN1 virus
carrying the H274Y mutation has also been of great con-
cern [7-9]. Oseltamivir resistance has also been reported in
influenza A(HIN1)2009, although at a low frequency [10].

Laninamivir octanoate, a prodrug of laninamivir, is a
long-acting neuraminidase inhibitor which exerts its ben-
eficial effect by remaining in the target organs; namely, the
trachea and lung, for a long time. It has been confirmed that
a single inhalation of laninamivir octanoate has an effect
not inferior to that of the existing neuraminidase inhibitors
against influenza A and B infection [11, 12]. In addition, a
non-clinical study has confirmed that laninamivir exhibits
neuraminidase inhibitory activity against influenza A and B
viruses, including the highly pathogenic HSN1, oseltamivir-
resistant viruses [13] and influenza A(HIN1)2009 [14].
From the above findings, laninamivir octanoate is considered

@ Springer



90

J Infect Chemother (2013) 19:89-97

to be a potentially useful drug that would expand the spec-
trum of drug choices for the treatment of influenza infection.
In September 2010, laninamivir octanoate was approved for
manufacturing and marketing in Japan.

However, the efficacy and safety of laninamivir octa-
noate have not yet been sufficiently evaluated for the
treatment of influenza infection in patients with underlying
chronic respiratory diseases. It has been reported that
influenza A(HIN1)2009 infection may cause serious ill-
ness, particularly in high-risk patients such as those with
chronic respiratory diseases [2]. In addition, zanamivir, an
inhaled drug related to laninamivir octanoate, has been
reported to cause bronchospasm and decreased respiratory
function [15, 16].

Against this background, we conducted a double-blind,
randomized controlled trial, using oseltamivir (which is the
most widely used anti-influenza agent) as the control drug,
to investigate the efficacy and safety of laninamivir octa-
noate for the treatment of influenza in patients with
underlying chronic respiratory diseases.

Patients and methods
Study design and patients

This multicenter, double-blind, randomized controlled
trial was conducted from November 2009 through March
2011 at 53 facilities in Japan. This study was undertaken
in accordance with the Declaration of Helsinki and Good
Clinical Practice (GCP) guidelines, and the study proto-
col was approved by the appropriate ethics committee at
each institution. In addition, written informed consent
was obtained from all patients. This study is registered
with JapicCTI; the registration number is JapicCTI-
090940.

The inclusion criteria were patients aged >20 years,
having underlying chronic respiratory diseases, within 36 h
of the onset of influenza symptoms, an axillary temperature
of >37.5 °C, and diagnosis of influenza infection by the
investigator. The exclusion criteria were as follows: sus-
pected infection with bacteria or non-influenza viruses
within 1 week prior to provision of consent; reported
occurrence of any influenza-like symptom that cannot be
distinguished from those of underlying diseases within
1 week prior to provision of consent; continuous use of
steroids at a prednisolone-equivalent dose of more than
10 mg prior to provision of consent; bronchial asthma
attack of at least moderate severity at the time of provision
of consent; chronic respiratory failure; renal dysfunction;
history of alcohol or drug abuse; and treatment with
amantadine or other neuraminidase inhibitors within
4 weeks. Pregnant women, breastfeeding women, and
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women who wished to become pregnant during the study
period were also excluded.

In addition, patients were allowed to use acetaminophen
as a rescue medication for influenza symptom relief, and its
use was recorded.

Randomization and masking

Patients were randomly assigned (1:1) to either the lani-
namivir group or the oseltamivir group. Patients in the
laninamivir group were administered 40 mg of laninamivir
octanoate as a single inhalation on day 1 and oseltamivir
phosphate placebo capsules 2 times per day for 5 days.
Patients in the oseltamivir group were administered one
capsule (75 mg) of oseltamivir phosphate orally twice
daily for 5 days (days 1-5) and laninamivir octanoate
placebo powder once on day 1. A computer-generated
block random allocation sequence was provided by ACR-
ONET Corporation (Tokyo, Japan) and was stratified
according to the institution and type of influenza virus on
the basis of the results of a rapid diagnosis kit capable of
separately detecting influenza A and B. The patients,
investigators, and trial personnel were blinded to the allo-
cation sequence throughout the trial with use of a double-
dummy method. The initial administration of the test drugs
was confirmed by an investigator.

Procedures

Medical histories, complications, vital signs, physical
examinations, and baseline virological samples were
obtained before treatment on day 1. Hematology, blood
chemistry, and urinalysis were performed on day 1 (base-
line) and day 15 for the safety assessment. Patients recor-
ded their axillary temperature and severity of influenza
symptoms (headache, myalgia/arthralgia, fatigue, chills/
sweats, nasal symptoms, sore throat, and cough) 4 times
daily for 15 days. The severity of each influenza symptom
was graded into 4 categories (0, absent; 1, mild; 2, mod-
erate; 3, severe) and was measured as the symptom score.

Influenza infection was confirmed by laboratory viro-
logical tests. Anterior nose and/or posterior pharyngeal
throat swabs were taken on days 1 (baseline), 3, and 6
(1 day for days 3 and 6) and were placed in a viral
transport medium. The swab samples were eluted and
frozen at —80 % 10 °C until use. For the baseline assess-
ment, the subtype of influenza (seasonal HIN1, H3N2, and
B) was determined based on the amplified DNA size by a
reverse-transcription polymerase chain reaction (RT-PCR)
with subtype-specific primers designed from the hemag-
glutinin sequences of seasonal HIN1, H3N2, and B viruses.
Influenza A(HIN1)2009 was determined by a real-time
RT-PCR. Susceptibilities to laninamivir and oseltamivir
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carboxylate were determined by a fluorescence-based
neuraminidase inhibition assay using culture supernatants
propagated once from the thawed swab samples in Madin—
Darby canine kidney (MDCK) cells. The detection of
mutations was confirmed by analyzing gene sequences of
viruses in which drug resistance was suspected based on
the results of the neuraminidase inhibition assay. Virus
titers were determined using the swab samples obtained at
3 time points. The thawed swab samples were serially
diluted and cultured for 7 days in MDCK cells. Based on
the dilution factor showing no cytopathic effect, the virus
titers were calculated as the log;y 50 % tissue culture
infective dose (TCIDsy) per mL of the viral transport
medium, according to the Behrens—Kirber equation [17].
Serum samples were obtained on days 1 and 15 (-2 to
+7 days) and were used to perform a hemagglutination-
inhibition assay. The serological response was defined as a
4-fold or greater increase in type- or subtype-specific
antibody on day 15, as compared with that on day 1. If the
sample results were negative by RT-PCR, real-time RT-
PCR, and the hemagglutination-inhibition assay, the
patient was regarded as not having a laboratory-confirmed
influenza virus infection. All the virological tests were
performed at Mitsubishi Chemical Medience (Tokyo,
Japan).

Study outcomes

The primary endpoint was the time to illness alleviation,
defined as the time from the initiation of the trial treatment
to the beginning of the first 21.5-h period in which all
influenza symptoms were “absent” or “mild”. The time to
illness alleviation was defined as reported in previous
clinical trials of laninamivir and oseltamivir [11, 18-21].
Patients whose influenza symptoms had not resolved by the
time of their withdrawal from the study or by the end of the
observation period were censored. In addition, the inci-
dence of influenza-associated complications and the rates
of exacerbation of the underlying disease were also cal-
culated for each treatment group.

Statistical analysis

The target number of patients was 100 for each group, from
the standpoint of efficacy and safety. The median time to
illness alleviation in high-risk patients treated with osel-
tamivir phosphate was estimated from previous studies to
be 150 h. The target number of patients was established
using Monte Carlo simulation so that the probability that
the difference in the median time to illness alleviation was
<24 h was 70-80 % on the assumption that the effect
would be similar in the laninamivir and oseltamivir groups.
Adverse events with an incidence of 3 % could be detected

with a probability of 95 % or more in a group of 100
patients.

In the efficacy analysis, the difference in the median
time to illness alleviation between the laninamivir and
oseltamivir groups was calculated, and its 2-sided non-
parametric 95 % confidence interval on the basis of the
generalized Wilcoxon test was calculated. In addition, a
generalized Wilcoxon’s test was performed using the
oseltamivir group as the control. Furthermore, the propor-
tion of patients who developed influenza-associated com-
plications; namely, pneumonia, bronchitis, otitis media,
and sinusitis, and the proportion of patients in whom the
underlying disease was exacerbated after the start of
treatment were calculated for each treatment group. All
analyses were performed using the SAS System, Release
8.2 (SAS Institute, Cary, NC, USA). All reported P values
were 2-sided, without adjustments for multiple testing.

In the efficacy analysis, the full analysis set (FAS) [22]
based on the intention-to-treat principle was defined as the
primary analysis set, and the per protocol set (PPS) [22]
was used for the sensitivity analysis. The safety analysis
included all patients who had received at least 1 dose of the
trial treatment, and had undergone at least 1 safety
assessment.

Results

Details of the subjects are shown in Fig. 1. Informed
consent was obtained from 204 influenza-infected patients
with chronic respiratory diseases, and 203 patients were
randomized. Of these, 1 patient assigned to the oseltamivir
group was excluded from all the analyses because of dis-
continuation from the trial before receiving any treatment.
And 1 patient assigned to the laninamivir group was
excluded from the FAS, because this patient had no influ-
enza symptom data during the study period. From the
above, a total of 201 patients were included in the FAS
(laninamivir group, n = 101; oseltamivir group, n = 100).

The baseline characteristics of the patients were well
balanced between the 2 groups in both the FAS (Table 1)
and the PPS (data not shown). Most patients had underly-
ing bronchial asthma. In addition, approximately 90 % of
the patients in whom the virus type and subtype could be
identified by laboratory virological tests were infected with
influenza A(HIN1)2009, and the remaining patients were
infected with H3N2. None of the patients were infected
with the seasonal HIN1 or B. The H274Y mutation was
found in 3 patients in whom influenza A(H1N1)2009 was
isolated on day 1 (baseline).

The time courses for illness alleviation were almost the
same in the 2 groups (Fig. 2). In the FAS, the median time
to illness alleviation was 64.7 h in the laninamivir group
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Fig. 1 Flow chart of study
patients. FAS full analysis set,

204 Patients Screened

PPS per protocol set

1 Excluded
+ 1 Did not meet the eligibility criteria

203 Patients Randomized

102 Allocated to laninamivir 101 Allocated to oseltamivir

_I 1 Withdrawn before treatment

99 Completed trial
3 Withdrawn

-2 Protocol deviations

102 Received laninamivir 40 mg 100 Received oseltamivir

-1 Requests of withdrawal

98 Completed trial
2 Withdrawn
-1 Adverse event
-1 Protocol deviations

1 Excluded
*1 No symptom data

101 Included in FAS 102 Included 100 Included 100 Included
in safety

in FAS in safety

86 Included in PPS

15 Excluded

+10 Protocol deviations

- 3 Laboratory-confirmed
influenza infection negative

- 2 Protocol deviations and
Laboratory-confirmed
influenza infection negative

90 Included in PPS

10 Excluded

-6 Protocol deviations

-3 Laboratory-confirmed
influenza infection negative

1 Protocol deviations and
Laboratory-confirmed
influenza infection negative

and 59.7 h in the oseltamivir group, with a difference of
5.0 h between the two groups (95 % CI —13.6 to 16.1 h,
P = 0.881; Table 2). The median time to alleviation of
influenza A(HIN1)2009 was also similar in the laninamivir
and oseltamivir groups. The median time to return to
normal axillary temperature was 48.9 h in the laninamivir
group and 43.6 h in the oseltamivir group. Similar results
were also obtained in the PPS (Table 2).

There was no significant difference between the 2
groups in the median time to alleviation of the influenza
symptoms (headache, myalgia/arthralgia, fatigue, chills/
sweats, nasal symptoms, sore throat, and cough) after the
start of treatment. However, all symptoms, except for the
nasal symptoms, tended to be alleviated more rapidly in the
laninamivir group than in the oseltamivir group (Fig. 3).

Both the incidence of influenza-associated complica-
tions (pneumonia, bronchitis, otitis media, and sinusitis)
and the rate of exacerbation of the underlying disease were
similar in the 2 groups (Table 2).

The proportion of patients shedding virus on day 1
(baseline) was similar in the 2 groups. The proportion of
patients shedding virus on day 3 tended to be higher in the
laninamivir group (55.7 %) than that in the oseltamivir

@ Springer

group (45.4 %), although the difference was not significant
(Table 3).

As for safety, both of the drugs were well tolerated.
Adverse events that occurred in at least 3 % of the patients
in the laninamivir group included asthma (exacerbation of
asthma; 5.9 %, 6/102), diarrhea (3.9 %, 4/102), and bron-
chitis (3.9 %, 4/102). These adverse events were observed
at similar frequencies in the oseltamivir group, with the
corresponding event rates being 7 % (7/100), 5 % (5/100),
and 3 % (3/100), respectively. All of these adverse events
were mild to moderate in severity and resolved or
improved with drug or other treatments. As the only serious
adverse event, visual hallucination developed in 1 patient
in the oseltamivir group.

Discussion

The median time to illness alleviation, which was the pri-
mary efficacy endpoint in this study, was similar in the
laninamivir (64.7 h) and oseltamivir (59.7 h) groups. In
addition, the median time to alleviation of influenza
A(HIN1)2009 was also similar in the 2 groups. In a phase
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gl?aglittril:t?szlgr;ethe 201 Characteristics blan_in?(r)nli)vir ((:lse_ltall(r)l(i)\)/ir
patients included in the full
analysis set Age, years
Mean + SD 427 £ 139 404 £ 11.1
Range 20-77 20-67
65 years old 7 (6.9 %) 2 (2.0 %)
Male sex 42 (41.6 %) 47 (47.0 %)
History of receiving vaccination against influenza 40 (39.6 %) 30 (30.0 %)
Rapid diagnostic test—positive 98 (97.0 %) 97 (97.0 %)
Laboratory-confirmed influenza infection
A(HINT1)2009 84 (83.2 %) 85 (85.0 %)
Seasonal HIN1 0 (0.0 %) 0 (0.0 %)
H3N2 12 (11.9 %) 10 (10.0 %)
B 0 (0.0 %) 0 (0.0 %)
A(HIN1)2009 + H3N2 0 (0.0 %) 1 (1.0 %)
Negative 5 (5.0 %) 4 (4.0 %)
Axillary temperature at enrollment, °C, mean &+ SD 38.28 £ 0.61 38.32 £ 0.63
Symptom score at enrollment, mean + SD* 10.1 £ 3.5 10.8 + 3.2
Duration of illness before treatment, h, mean + SD 22.86 + 7.57 22.60 + 8.80
Concomitant disease (chronic respiratory diseases)
Asthma 97 (96.0 %) 99 (99.0 %)
COPD chronic obstructive COPD 4 (4.0 %) 1 (1.0 %)
pulmonary disease Other 3 3.0 %) 2 (2.0 %)
% See “Patients and methods” Concomitant disease (diabetes mellitus) 6 (5.9 %) 4 (4.0 %)
section for an explanation of the Concomitant disease (heart disease) 4 (4.0 %) 0 (0.0 %)

symptom scores

Fig. 2 Time to illness
alleviation in the FAS. The open
circles in the figure indicate the
patients whose influenza
symptoms had not yet resolved
by the time of their withdrawal
from the study or by the end of
the observation period

III trial conducted in the 2008-2009 influenza season, the
median time to illness alleviation was 73.0 h in the lani-
namivir group and 73.6 h in the oseltamivir group [11], and
in both groups, recovery from influenza was advanced by
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about 10 h in the present study as compared with that in the
above phase III trial. The present study was conducted after
a pandemic, and approximately 90 % of the patients
diagnosed to have influenza were infected with influenza

@ Springer



94

J Infect Chemother (2013) 19:89-97

Table 2 Clinical outcomes of treatment with laninamivir octanoate and oseltamivir

Full analysis set

Per protocol set

Laninamivir Oseltamivir Laninamivir Oseltamivir
Time to alleviation of the influenza illness N =101 N = 100 N = 86 N =90
Median (95 % CD? h 64.7 (47.4-84.7) 59.7 (50.4-71.8)  60.7 (47.4-83.0) 62.6
(50.4-78.4)
Median difference (95 % CI) 5.0 (—13.6 to - —1.9 (—16.7 to -
16.1) 15.3)
P value® 0.881 - 0.954 -
Time to alleviation of the influenza illness [A(HIN1)2009] N = 84 N =285
Median (95 % CD* h 59.8 (47.4-76.1) 56.3 (48.3-70.9) n.a. n.a
Median difference (95 % CI) 3.5 (—16.1to - n.a. -
14.5)
P value® 0.940 - n.a. -
Time to return of normal axillary temperature N =101 N =100 N =86 N =90
Median (95 % CD*, h 48.9 (44.5-62.4) 43.6 (36.5-50.4)  47.5 (44.2-57.1) 44.0
(38.3-51.8)
Median difference (95 % CI) 53 (=23t 17.0) - 3.5 (=5.2to 15.3) -
P value® 0.131 - 0.343 -
Time to return of normal axillary temperature N =284 N=285
[A(HIN1)2009]
Median (95 % CD* h 46.7 (424 to 51.7) 43.7 (38.3 to n.a n.a
51.4)
Median difference (95 % CI) 3.0 (-53t013.6) - n.a. -
P value® 0.427 - na. -
Incidence rate of influenza-associated complications N =101 N =100
Total 5.9 (6/101) 7.0 (7/100) n.a. n.a
Difference in proportion (95 % CI) —1.1(=79t05.7) - n.a. -
P value® 0.783 - n.a. -
Bronchitis 4.0 (4/101) 5.0 (5/100) n.a. n.a.
Difference in proportion (95 % CI) —1.0(—6.8t04.7) - n.a. -
P value® 0.748 - n.a. -
Otitis media 0 1.0 (1/100) n.a. n.a
Difference in proportion (95 % CI) —-1.0(-30t0 1.0) - n.a. -
P value® 0.498 - n.a. -
Sinusitis 2.0 (2/101) 1.0 (1/100) n.a. n.a
Difference in proportion (95 % CI) 1.0(—24t043) - n.a. -
P value® 1.000 - n.a. -
Rate of exacerbation of the underlying disease N =101 N =100
Total 7.9 (8/101) 7.0 (7/100) n.a. n.a.
Difference in proportion (95 % CI) 09 (-63t082) - n.a. -
P value® 1.000 - n.a. -

CI confidence interval, n.a. not analyzed
? Estimated by the Kaplan-Meier method
® Generalized Wilcoxon’s test

¢ Fisher’s exact test

A(HIN1)2009. The pathogenicity of influenza A(HIN1)
2009 has been reported to be higher than that of the sea-
sonal HINT1 [14, 23]. On the other hand, it has also been
reported that the mean time to return to normal temperature
is shorter in infections caused by A(HIN1)2009 than in
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those caused by the seasonal HIN1 [24]. From the results
of the present study, it was speculated that the clinical
symptoms of influenza A(HIN1)2009 infection may be
milder than those of influenza caused by the seasonal
HINI.
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Chronic respiratory disease is known to be a high-risk
factor for the development of complications in patients
with influenza infection, and such disease is also known to
be associated with a high risk of serious illness caused by
secondary bacterial infection and exacerbation of the
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underlying disease in these patients. A comparison between
our laninamivir and oseltamivir groups revealed that the
incidence of influenza-associated complications and the
rates of exacerbation of the underlying disease were similar
in the 2 groups. It has been reported that oseltamivir
decreases the risk of secondary infection and hospitaliza-
tion associated with influenza virus infection [25, 26],
suggesting that laninamivir octanoate may similarly
decrease the risk of development of serious illness/com-
plications associated with influenza.

The mean time from the onset of influenza to the end of
treatment was 22.86 h in our laninamivir group and
22.60 h in the oseltamivir group. It can be speculated that
patients may have recovered without developing more
severe symptoms because of the early treatment with the
neuraminidase inhibitors.

In this study, most patients had relatively mild bronchial
asthma, and patients with poorly controlled or severe bron-
chial asthma were not included. Only a few patients with
chronic respiratory diseases other than bronchial asthma were
included. Therefore, in this study, the efficacy and safety of
laninamivir octanoate in patients with underlying chronic
respiratory diseases other than mild bronchial asthma could
not be sufficiently investigated. However, cough and fatigue,
which are also symptoms of patients with chronic respiratory
diseases, tended to resolve more quickly in the laninamivir
group than in the oseltamivir group, suggesting that

Table 3 Effects of laninamivir octanoate and oseltamivir on the virus titers

Full analysis set

Subgroups according to virus type (full analysis set)

A(HINT1)2009
Laninamivir Oseltamivir Laninamivir Oseltamivir
Day 1 (baseline) N =99 N =99 N =283 N =285
Virus titer, log;o 50 % tissue culture infective dose  4.50 (1.5-7.5) 5.00 (1.5-7.5)  4.70 (1.5-7.5) 5.50 (1.5-7.5)
[log TCIDs5y/mL], median (range)
Number of patients shedding virus (%)* 93 (93.9) 92 (92.9) 82 (98.8) 83 (97.6)
Difference in proportion (95 % CI) 1.0 (=59 t0 7.9) - 1.1 (—=2.8 to 5.1) -
P value® 1.000 - 1.000 -
Day 3 (day 2-4) N =097 N =97 N=282 N=282
Virus titer, log;o 50 % tissue culture infective dose  1.50 (1.5-7.0) 1.50 (1.5-7.0) 1.50 (1.5-7.0) 1.50 (1.5-7.0)
[log TCIDsy/mL], median (range)
Number of patients shedding virus (%)* 54 (55.7) 44 (45.4) 49 (59.8) 41 (50.0)
Difference in proportion (95 % CI) 103 (—=3.7t0 243) - 9.8 (—5.4 to 24.9) -
P value® 0.196 - 0.272 -
Day 6 (day 5-7) N =96 N =96 N=282 N =282
Virus titer, log;o 50 % tissue culture infective dose  1.50 (1.5-3.3) 1.50 (1.5-4.3)  1.50 (1.5-3.3) 1.50 (1.5-4.3)
[log TCIDsy/mL], median (range)
Number of patients shedding virus (%)" 10 (10.4) 4(4.2) 8 (9.8) 3(3.7)
Difference in proportion (95 % CI) 6.3 (—1.1 to 13.6) - 6.1 (—1.5to0 13.7) -
P value” 0.163 - 0.210 -

* Number of patients with detectable virus (at least 1.5 log TCIDso/mL)

® Fisher’s exact test
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laninamivir octanoate may also be a useful drug from the
standpoint of controlling the underlying diseases.

As for safety, both of the drugs were well tolerated. No
adverse events specific to laninamivir octanoate were
observed, and adverse events suggesting decreased respi-
ratory function, such as bronchospasm, which has been
reported to be observed with other inhaled drugs related to
laninamivir octanoate, did not occur.

It was confirmed in the present study that a single inhala-
tion of laninamivir octanoate can also be used safely for the
treatment of influenza in patients with chronic respiratory
diseases, such as bronchial asthma, and that laninamivir
octanoate exhibits similar efficacy to oseltamivir. In addition,
laninamivir octanoate also showed a similar effect to osel-
tamivir against influenza A(HIN1)2009 infection.
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