Influenza antivirals usage in pandemic situation

Antiviral Treatment in Japan and Experience
during the Pandemic HIN1 in 2009

Norio Sugaya, M.D.
Keiyu Hospital, Yokohama, Japan



Neuraminidase inhibitors approved for use i1n Japan

2001
« Oseltamivir ( Tamiflu®)
« Zanamivir ( Relenza®) i
" o
2010
 Laninamivir ( Inavir®) Inavir
Inhaler

« Peramivir ( Rapiacta®)
Intravenous drip infusion

2018
RNA protease inhibitor, Baloxavir (Zofluza®)

Rapiacta



Sales of NAIs in Japan
from 2002 to 2009
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Falls from Buildings after Taking Oseltamivir,
an Adverse Reaction?

A 14-year—old boy fell from a condominium and died Tuesday,
after taking Tamiflu the day before. He was diagnosed with flu
Monday morning at a hospital. He had taken one Tamiflu pill at
9:30 a.m. after seeing a doctor and another one just past 6 p.m.
Sleeping in the same room as his mother, the boy woke up and
left the condominium. He apparently climbed over a 1.26—meter
wall along the outside corridor and fell to a parking lot. No suicide

note was found. (from an article of Japan Times)

The Ministry of Health, Labour and Welfare has issued an
emergency instruction to suspend the use of oseltamivir to
treat patients between the ages of 10 and 19 years in 2007.



Abnormal Behavior and NAIs
Fatal Cases (10 to 19 year-old) Reported

Oseltamivir 8 cases (2004-2007)

Influenza patients 1 case (2007)
not treated with a NAI

Zanamivir 1 case (2009)
Laninamivir 1 case (2012)
In addition, there have been many cases of severe

injuries, such as fractured legs as a result of falls from
buildings.



Abnormal behavior 1s not caused by oseltamivir
MHLW 1n 2018

« MHLW issued an instruction to rescind the suspension
for the use of oseltamivir to treat patients between the

ages of 10 and 19 years in May, 2018.

* Abnormal behavior is caused by influenza virus infection
and not by NAls.

« Children with influenza virus infection should be
observed by their guardians until 48 hours after the

onset of influenza.



Percentage of patients who received prescriptions for
neuraminidase inhibitors
2017-2018

peramivir
4%




Change of Virus Titer by Day
Pediatric Study in 2016/17
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ABSTRACT

BACKGROUND
Baloxavir marboxil is a selective inhibitor of influenza cap-dependent endonuclease.

It has shown therapeutic activity in preclinical models of influenza A and B virus
infections, including strains resistant to current antiviral agents.

METHODS

We conducted two randomized, double-blind, controlled trials involving otherwise
healthy outpatients with acute uncomplicated influenza. After a dose-ranging (10 to
40 mg) placebo-controlled trial, we undertook a placebo- and oseltamivir-controlled
trial of single, weight-based doses of baloxavir (40 or 80 mg) in patients 12 to 64 years
of age during the 20162017 season. The dose of oseltamivir was 75 mg twice daily
for 5 days. The primary efficacy end point was the time to alleviation of influenza
symptoms in the intention-to-treat infected population.
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T.U.), and the Research Division for De-
velopment of Anti-Infective Agents, Insti-
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Tohoku University, Sendai (A.W.) —allin
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Japan had the lowest case fatality rate
2009 Pandemic HINI

Even though 20.7 million cases of pandemic H1N1 infection
occurred in Japan, only 198 deaths were reported
nationwide.

Deaths / Fatal cases Population
100,000
population

Japan 0. 15 198 128 million

Australia 0. 92 193 21 million

Canada 1. 26 429 34 million

United States 1. 03 (3.32) 3433 332 million
(12,000
estimated)




Review of the pandemic (HIN1) 2009

among pregnant Japanese women
J Obstet Gynaecol Res, 2012

In Japan, 30,000-40,000 pregnant women had H1N1pdm0Q09.
181 pregnant women were hospitalized because of
H1N1pdmO09 during the pandemic. 90% of them were treated
with NAls within 48 hours after the onset of illness.

No maternal deaths due to H1N1pdmO09 occurred.

Only one woman with H1N1pdmQ9 was treated by artificial
ventilation in the ICU.



Critical 1llness due to 2009 A/HIN1 influenza in pregnant
and postpartum women  BmJ 2010

In Australia and New Zealand between 1 June and 31 August
2009, 64 pregnant or postpartum women with H1N1pdmQ09
were admitted to intensive care units.

44 of 64 women (69%) were mechanically ventilated.

Seven of 64 women (11%) died.

Median interval from symptom onset to oseltamivir treatment
was 6 days.

Australia, 6 days
New Zealand after onset of illness

Japan Within 48 hours




Japan had the lowest case fatality rate
2009 Pandemic HINI

Even though 20.7 million cases of pandemic H1N1 infection
occurred in Japan, only 197 deaths were reported nationwide.

No reports of deaths of pregnant women
Twelve million children <15 years of age had pandemic H1N1.
Only 38 deaths among the group <15 years of age

Pediatric influenza deaths did not increase during the H1N1
pandemic in Japan.



Numbers of Pediatric Hospital Admissions

for Pandemic HIN1
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Neuraminidase inhibitors had been used to treat 984
(98.4%) of the 1000 patients.

B Oseltamivir

B Zanamivir

B Oseltamivir +
Zanamivir

® Peramivir

B No treatment

Sugaya N, et al. J Infect. 2011



Timing of Neuraminidase Inhibitor Treatment

In 89% of the patients, treatment was initiated within 48 hours
after the onset of 1llness.

M Within 12 hours after
onset

B Within 12 to 24 hours
after onset

M Within 24 to 48 hours
after onset

B Over 48 hours after
onset

Among the 1000 patients in our study, 12 patients (1.2%) were
placed on mechanical ventilation, and only 1 death (0.1%) was
reported.



Monthly All-Cause Mortality among Children (1-14 Years)
from 1985 to 2013

40

Vaccine Production

19871988198919901991 199219931994 19951996 1997 1998 199920002001 20022003

NAIs
DeathS/ —
100,000
¢ 7~ Compulsory ‘ — T 1
vaccination Low or no vaccination » vaccinati
€ Voluntary vaccination > <

No vaccing

sunami

| T
5 M~A M AA\J" \ A A | v Pandemic “
u \/‘/"\/‘WVA WNV \'V“NV\,A/WM WV\'V’WW“\'\[:\I\S&V]L,

*—9
0

1985.1 1987.1 1989.1 1991.1 1993.1 1995.1 1997.1 1999.1  2001.1  2003.1  2005.1  2007.1  2009.1  2011.1




Monthly All-Cause Mortality among Children (1-14 Years)
from 1985 to 2013
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WHO Influenza Agenda 2017 ®
(L

» WHO PUBLIC HEALTH
& RESEARCH AGENDA FOR
g INFLUENZA

Unmet public health needs and research gaps 4.2.3

A continuing public health issue is underuse of current antiviral
drugs and lack of timely administration in influenza patients
who might benefit.




Influenza Virus Titer (log,, [TCID;,/mL])
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Change of Virus Titer by Day
Pediatric and Adults Study in 2016/17
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Monthly All-Cause Mortality among Children (1-14 Years)
from 1985 to 2013
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Outcome

* Only 12 patients (1.2%) were placed on mechanical
ventilation in our study.

15.4% of US inpatients and 17% of Argentine
pediatric inpatients

 Only 1 death (0.1%) among the 1000 patients in our
study.

7% had died in the US study.
5% had died in the Argentine study.



Monthly All-Cause Mortality among Children (1-14 Years)
from 1985 to 2013
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* The time betwee ,
admission was short, with the median time being 1 day in
our study (3 to 4 days in other countries).




: nospital
admission was short, wi e median time being 1
day in our study (3 to 4 days in other countries).

Early treatment with neuraminidase inhibitors in

Japan markedly reduced the number of patients who
developed serious illness 3 to 5 days after the onset,
and resulted in the low mortality rate.
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* In order to preve and deaths during
pandemic, all countries worldwide should first
improve underuse of NAls for seasonal influenza,
promoting early treatment with NAls for seasonal
influenza.



Pandemic H1N1/09
Number of fatal cases

Deaths / Fatal cases Population

100,000

population
Japan 0. 15 198 128 million
United Kingdom 0. 77 474 61 million
Australia 0. 92 193 21 million
Canada 1. 26 429 34 million
United States 1. 03 (3.32) 3433 332 million

(12,000

estimated)



Number of rapid diagnostic test kits shipped from
2003 to 2010
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Widespread use of NAls is based on the universal use of
rapid diagnostic tests for influenza in Japan
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Clinical Trials of Laninamivir

The main epidemic virus was influenza A (H1N1)
97% of HIN1 viruses were oseltamivir-resistant strains with a
H274Y mutation.

IC;, of Laninamivir and Oseltamivir

The mean IC;, (nM)

Virus type N
Laninamivir Oseltamivir
H1N1 95 1.8 (0.8-3.6) 641 (210-1200)
A
H3N2 37 2.13 (1.20-3.00) 0.65 (0.29-0.92)

B 29 19.7 (11.0-26.0) 21.1 (12.0-53.0)




Cumulative proportion (%)

Time to Alleviation of IlIness (Children)
Oseltamivir-resistant HIN1 Infection
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Cumulative proportion (%)
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Viral shedding and resistance strains
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Clinical effectiveness of NAls
against A (H3N2)

Peramivir Oseltamivir | Zanamivir Laninamivir

Number of
patients

Age, mean
years

Duration of
fever,
daystSD

Duration of fever after the start of therapy was significantly shorter in the
peramivir group than in the other groups.



Clinical effectiveness of NAls
against influenza B

Peramivir Oseltamivir Zanamivir Laninamivir

Number of
patients

Age, mean

years

Duration of
fever,
daysxSD

Duration of fever after the start of therapy was significantly shorter in the
peramivir group and the zanamivir group than in the oseltamivir group.



Comparison of the effectiveness of NAls
Influenza A H1N1/09

Neuraminidase inhibitors Peramivir Laninamivir Oseltamivir
No. of patients 13 14 50
Age, mean years 4.9 9.1 4
Total febrile period,
mean no. of days+SD 2.1+0.6 2.4+1.2 2.2+0.8
Duration of fever after the start of 0.8+0.3% 15412 1 240.7

therapy, mean no. of days+SD

% Duration of fever after the start of therapy was significantly shorter in
the peramivir group than in the laninamivir group and the oseltamivir
group (P<.05)



Lower effectiveness of NAls
against influenza B

Influenza B

Peramivir Oseltamivir | Zanamivir Laninamivir

Age, years : 5.5 9.5

Duration of 2.5+1.2 2.0£1.2
fever, days

Influenza A (H3N2)

Peramivir Oseltamivir | Zanamivir Laninamivir

Age, years

Duration of
fever, days




