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. Genomic RNA without Cap structure — Inhibitory action
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o: Viral RNA polymerase (RdRp) o : Viral RNA and RdRp complex V : Sialic acid (viral receptor) RN : Cap portion of mMRNA

Shiraki K, Daikoku T. Pharmacol Ther. 2020;209:107512.
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o: Viral RNA polymerase (RdRp) o : Viral RNA and RdRp complex V . Sialic acid (viral receptor)

RN : Cap portion of mMRNA

Shiraki K, Daikoku T. Pharmacol Ther. 2020;209:107512.
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Shiraki K, Daikoku T. Pharmacol Ther. 2020;209:107512.



M2 protein inhibitor

* Amantadine, Rimantadine
* Mechanism : Inhibit viral uncoating
* Only active against influenza A

* Resistance rapidly increasing
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Neuraminidase inhibitor

e Oseltamivir ~ Zanamivir ~ Peramivir
* Mechanism : inhibiting viral release

e Active against influenza A and B
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Oseltamivir (Tamiflu®, Eraflu®)

1. BAR—EAAXULEHER K5
RN Z SaBRERTR -

2. BPE KB PIEL 7EEZEY) -
3. Eraflul®BE OB F R -
4., BR2EITER: =0 - 'ROL

\/

IEIi

%uu’ﬁ’i(OSeltamlwr)

SEEREBEE AR EEYERES



Oseltamivir

Y Oseltamivir Capsule Oseltamivir Oral suspension
ERAE ik ; FEERE (IHEEREEEE ) AL E R
AT R 58 7K AR A
i A i MARTE (E—EBARKM EHESR) MAKRTE (E—EBARKEHESR)

IREAEEI=

RERRE

BCE EfE

13 mA MikiE BRI =E
13 5% (F)LL EBEEE 40kg DL E#E 75mg
BID

5X 5X

BCE BE
40kg LU F REREEERREI=E ;
40kg U EREIHFEARSVES
/5mg BID

5K IR REUE

Sy Ledd B SNt El



Zanamivir (Relenza®)

» BN 5 U LREEMNARE Z/aFRETER, -

(1) AR EELAES
2) REAZBARRREGREREG M
i (3) FEEAmARCS EMRERRAZRE
(4) FEERR AR REZEY) B OISR
COPD KmMmmA

- BIER SR

In 43 (Zanamivir)

. « FIBHZIRRI EAZEZEZFERAKRAL zanamivir J8EREA

IR REEEE (U

LY EREE



Zanamivir

224 Zanamivir

ERGE RO A

i A F iR MARSE (5 mLL L)

REQETS BORE E==$h
10mg BID AEEEH

RERIE 5X

R

TRBRS Y ERER

LY T2 S ER
SERCEEE



Peramivir (Rapiacta®)

1. BRiCEHTIREE -

2. %ﬁ_ﬁﬁﬁ(\—ﬁlﬁﬁut%ﬁéz%*%$ iR AR Z 08

IZI

3. REXRFRABEEAOMR/IRATNRSER - 0JZE

ﬁﬁﬁ IIE % -

4. TT’EZ% EEER o EE S oseltamivir T2 M 7R BUR B 1K
7R NEBEZENEY) - ERIRY
;seltamlwr YRR E peramivir BUSETNERIE 2
R -

5. BIER:IEE - MAEKET -




Peramivir

2247 Zanamivir

ERAZE BREBFICES 15 7iED E

3 FA T 12 AR RE(RERKHMERIRIN

RERERIE ETE E=bns
PLAFR 300mg * A% A 600mg QD
/NGB 10 - 12 mg/kg

IREERRE BR O{EAREEZH

RERT

SERNMEBERZVRRASEYEHER



Effectiveness of neuraminidase inhibitors

i M B NNERGE ik 48 6%
Neuraminidase Meta-analysis of clinical trials: Meta-analysis in 2009 HI1IN1 pandemic: Oseltamivir O] 4@
inhibitor hospitalized Pt. ¥4 /m1£(16.8hr)

it E—MAR - 5# - I mortality risk, aOR 0.81 (0.70-0.93;

GRS AMEREE - &Y p=0.0024)

B ABE R ERER * Early treatment (< 2 days of symptom

onset) J mortality risk, aOR 0.48 (0.41-
0.56; p<0.0001)

Meta-analysis of clinical trials: 2010-2019 EU, hospitalized Pt. B X IV peramivir

NAI treatment within 48 hours and up to 7 B 5 XAk
EBRTR B E HOseltamivir 2, days: oseltamivir AYZE
Peramivir - BJBEBI/MERTRK  © 0-48 hours aOR 0.51 (0.45-0.59) RS IIE 1A 4% B I ]
A  3-4 days 0.59 (0.51-0.67) =R

e 5-7 days 0.64 (0.56-0.74)
Reduced risk of mortality

JAMA Intern Med. 2024;184(1):18-27

The Lancet.2024;484(10454):753-63

The Lancet Respiratory Medicine, 2014; 2, 395-404
Euro Surveill. 2023;28(4):2200340

Cochrane Database Syst Rev. 2012;1:CD008965.



Inhaled Zanamivir vs Oral Oseltamivir to Prevent Influenza-related
Hospitalization or Death: A Nationwide Population-based Quasi-experimental
Study E 2R L%

e 2013-2014, 2014-2015, 2015-2016={Eit EX FRIN im s A & E i FL B R E i /B [l BR A &t

o ix SF % il o P& (K] FBC 2918 + EEEGEZEN4A8/N\EFAERZanamivirgkOseltamivirid A14 XA E
B (PR SE T HIEEER

Table 2. Crude and Propensity Score-Weighted Incidence Rates of Hospitalization or Death Within 2 weeks

Principal Diagnosis for Crude Propensity Score-Weighted Adjusted Hazard
Hospitalization or Death Ratio (95%
Mumberof Total Incidence Numberof Total Incidence Confidence Interval)
E Ef?,“ ﬁﬁ- Events Person- Rate Events Person- Rate
- - R Days Days
b b
ek - B8 ,
Influenza, influenza-like illness, or prneumonia
Bk B firh %
40 1 14 579461 0.026

— . | ZanamivirflOseltamivir
- Zanamivir 722 579949 0.012 10156 570943 1.018 | M% nuéﬁ -L-l— m-E g ; ﬁ

Dseltamivir
by
ﬁ}ﬂlﬁ Influenza-like illness
Zanamivir

88



Resistance to Oseltamivir

* Binding of oseltamivir to the
neuraminidase active site
requires a shape change that
creates a pocket. But not
zanamivir

e Mutations that prevent
formation of this pocket
may prevent binding of
oseltamivir but permit
binding of zanamivir

z E]
> R
A Hostcell = = B =
,‘ ", )3 ;-)
)).\) d )'3. ;3
& ¥  Oseltamivir o Oseltamivir
..’) ’,) ):’ : \
; ;
4 — Zanamivir S — Zanamivir

g " Vil‘a'
‘ / evolution b Arg2oatys [ -
i 24 Asn294Ser TNl o000 baaaed
’ His274Tyr
Virion
C Oseltamivir Zanamivir
V' Glu276
Q Glu276 Q
3 His274 \ - His274
Glull9 Glull9
3 Asn294 s Asn294
Arg292 - Arg292

Mechanism of Development of Resistance to Oseltamivir.

N EnglJ Med 2009:360;10



Global trends of neuraminidase inhibitor resistance

Reduced inhibition, Rl ; highly reduced inhibition, HRI

B

Proportion of viruses showing RI/HRI (%)

4.0%

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

0.5%

0.0%

3.4%

1.8%

0.5%

N

0.5%

0.4%
b.194 D.2%
AN

OA(H1N1)pdm09
mA(H3N2)

8 BNic

RB/Yam

0.64%

.02 j 00%

2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20

Most common mutation: H275Y -

bR

FA(HIN1)pdmO09A = ¥ oseltamiviriperamivirEd & E R EAIIHIZIER ( HRI)

Antiviral Res. 2022;200:105281.



LR M
2024-2025 sk % R Aot b SL e (Oseltamivir) $o it m fdk 2 a4 & Rho F &
il Rl L LR, n (%)
A (H1N1) 733 48 (6.5%)
A (H3N2) 145 0 (0.0%)
B 171 0 (0.0%)

HEEMBBESATREN 2024 £EH EE SR HESETR S FE DRSS X ETHREER 0 ARABERGTRHE
20242025 R EWE ERARBEE T TEAMEHMER -

o MEEMAZIHIND - ABUH3N2EKBELUMEY - #TE AR EL B & A Z 47 KT (Baloxavir) A5
M FIRBEINZEEHBRE -

« Oseltamivir & Peramivir J12%2 = {&5 FHzanamivir 2 baloxavir

#RET 20255 3878

EI

8 (2025/9/14-2025/9/20)



Endonuclease inhibitor

. . ﬁf" .;
e Baloxavir Marboxil ' ot Cews
. > Viral protein synthesis
* Mechanism : inhibiting the y R S . Neu
il Completion of mMRNA
e ege . . M2 protein inhibitor RNA r.)olymerase .L,WL
initiation of MRNA synthesis Bz |
E J_ . ,_[ Cap-snatching
—\ : RNA; .synthéms E,;;WW ‘
¢ ACtIVE aga|n5t |nf|uenza A and B %‘EE : \RNAacidicendonucleaseinhibitor
_%_ Nuc

|
|
i
Cytoplasm ' ———
K ' Genomic RNA without Cap structure — Inhibitory a

o: Viral RNA polymerase (RdRp) o : Viral RNA and RdRp complex ¥/ : Sialic acid (viral receptor) L \VaAN




Baloxavir Marboxil (Xofluza®)

1. COARAAZE -

AREATALR)

3. WEZDPEBINSGEAE
(chC|> 30mL/min)i B & -
ME -

2. AR5 B EREBE R

=



Baloxavir Marboxil

w24 Baloxavir

ERAE B RO LAE D

E R FiR MAKRTE (5 ®mI L)

REAEEE BCRE EE

<20 kg ERARFH 20mg
>20, <80 kg EE X AR A 40mg
>80 kg B2 R HRFH 80mg
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Baloxavir Marboxil in {E

1. NNZRAE A 4% 6%
2. MNEF/HIEIR

Patients Who Did Not Have Alleviation
of Symptoms (%)

40- Baloxavir

20

0 T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330

Hours from Start of Trial Regimen

FE AR & B% (median, hours)

Baloxavir Placebo

EERK A, CAPSTONE-1 study

A Baloxavir vs. Placebo
2 -

—4- Baloxavirly,,

Mean Change in Virus Titer
(log,, TCIDgy/ml)

53.7 (2.2 days)
95% CI: 49.5 to 58.5

80.2 (3.3 days)
95% Cl: 72.6 to 87.1

Oseltamivir

Mean Change in Virus Titer
(log,q TCIDgo/ml)

Median duration of
infectious virus detection:
* Baloxavir (24.0 hrs)

* Oseltamivir(72.0 hrs)

* Placebo (96.0 hrs)
P<0.001

N Engl J Med 2018;379:913-923
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Baloxavir Marboxil in S & [# B A, CAPSTONE-2 study

TE A 75 % g
* Baloxavir: 73.2 hr, 95% Cl: 67.2 to 85.1

e Oseltamivir: 81.0 hr, 95% Cl: 69.4 to 91.5;
e Placebo: 102.3 hr, 95% Cl: 92-7 to 113-1; p<0-0001

Change from baseline in virus titre (log,, [TCID,/mL])

A
100~ —@— Baloxavir
z -7- @ Placebo
t @ Oseltamivir
E 804 _8 ] 1 | I | | I |
g 1 2 3 4 5 6 7 8 9
z
E 607 Number at risk Day
E Baloxavir 355 336 338 130 326 115 - - 327
5 401 Placebo 353 343 336 121 321 105 - - 320
:g Oseltamivir 360 344 340 124 333 105 - - 322
‘; 20 —— Balaxavir
o — Placebo _‘ﬁ___ﬂ._ . . . . .o
S Baloxavir was associated with a significantly faster
i ].IU 6:0 QIL) 12‘0 1‘;_:0 13‘0 2'10 EA;L) ?}I'L) ELIHJ 3;0 Eéﬂ . . . . . .
Number st ik decline in infectious virus titres than were placebo
Baloxavir 385 in 13 161 110 86 70 58 47 EL ] 1 1 a
Flaceb 385 349 76 210 152 119 99 76 63 45 39 [i] [i] [
Osclamivic 288 325 P 176 17 89 89 56 44 3 2 0 0 and oseltamivir

Lancet Infect Dis 2020; 20: 1204-14



(P2 %EE Baloxavir versus Oseltamivir

Table 3. Clinical outcomes

Baloxavir (n=359) Oseltamivir (n=431) P
Hypoxia resolution, n (%) n=273 n=348 0.052°
224 (82.051) 263 (75.575)
Hours from antiviral to hypoxia resolution, median (IQR) n=273 n=348 <0.001°
51.717 (25.3-89.317) 71.95 (37.463-123)
Fever resolution, n (%) n=265 n=314 0.241°¢
262 (98.868) 306 (97.452)
Hours from antiviral to fever resolution, median (IQR) n=265 n=314 0.501°
25.067 (8.5-40.183) 25.275 (11.204-41.492)
LOS (days), median (IQR) 4 (3-6) 5(3-6) 0.45°
ICU LOS (days), median (IQR) n=>50 n=>52 0.44°
2 (1-4) 3 (2-5)
30 day all-cause mortality, n (%) 12 (3.343) 26 (6.032) 0.079°¢

Baseline M#H A1935:
1. Baloxavir BREEES: 69 vs 77, p< 0.001
2. Influenza subtype, baloxavir B{Z%H1 (62.6%), oseltamivir B{Z%H3(91.5%), p< 0.001

o ERARBL ETER : MAEEREE

« Hypoxiaetd &= [ Bbaloxavir (2.2 days) # oseltamivir (3 days) =
J Antimicrob Chemother 2020; 75: 3015-3022
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EEAYF & FLAGSTONE Study

Randomised, parallel-group, double-blind, placebo-controlled, superiority trial

NAls alone: oseltamivir/zanamibir/peramivir

according to local standard practice . . . e
| & P ] Primary endpoint: time to clinical improvement

NAls + Baloxavir N A
[orally, day 1, day 4, and day 7]

o

o

=}
J

— Baloxavir group (N=208)
—— Control group (N=114)
+ Censored
Median difference -2-7 h (95% C1-53-4 to 25-9)

(=]
=]
1

Median time to clinical improvement

Control: 100.2 h (75.9 — 144.4)

Baloxavir: 97.5h (75.9 - 117.2)

Median difference -2.7 h (-53.4 to 25.9, p=0.467)

=)
=)
|

40

20

Proportion of patients with no clinical improvement (%)

0

T T T T T T T T T T T T T T T ] T II
0 48 96 144 192 240 288 336 384 432 480 528 576 624 672 720 768 816 864

o Nomberatsk Ul MEFHALRBEINFTHEEIR!

Baloxavirgroup 208 (0) 140 (3) 100 (7) 72 (8) 47(8) 27(8) 24(8) 18(8) 14(9) 11(9) 6(11) 5(11) 4(11) 3(11) 2(11) 2(11) 1(11) 1(11) 1(11)
Control group 114 (0) 81(2) 56(4) 43(6) 27(8) 17(8) 14(8) 11(9) 8(10) 7(11) 7(11) 6(11) 5(11) 5(11) 3(12) 3(12) 3(12) NE(NE)NE(NE)

Figure 2: Kaplan-Meier curve of time to clinical improvement in the modified intention-to-treat infected population
NE=not estimable.

Lancet Infect Dis 2022; 22: 718-30



BaloxaV|r rESISta nce Overall resistance: low

2018-2019: 0.5% (72/15906)
2019-2020: 0.1% (18/15692)
PA-138 substitutions

5 World Health Organization
Collaborating Centres for Reference and
Research on Influenza.

2018-2019 2019-2020 F ZEmutation miTREHE
A(H1N1)pdmO09 0.3%(21/7015)  0.03%(2/5991) PA-138 U B4 & 152 baloxavir ;&=
138T /138F/1385/138v  HAK
A(H3N2) 0.7%(51/7117)  0.2%(8/4431) PA-138 i FH 5 & <2 HERE
#5078 baloxavir ;A&
KEHZK
B/Victoria lineage  0%(0/981) 0.2%(8/4935) PA-138V ( 3%k ) mAREREE
PA-M341 / M34V ( HER
m )
B/Yamagata lineage 0%(0/793) 0%(0/335)

Antiviral Res. 2022;200:105281.



Clinical practice guidelines for influenza

September 2024, WHO

Patient group

Non-severe, no risk-factor Non-severe, risk factor Severe
Baloxavir Conditional against Conditional recommendation
Oseltamivir Strong against Conditional recommendation
Zanamivir Strong against Conditional against
Peramivir Conditional against Conditional against
Favipiravir Strong against

- EBFERA © {3237 AR MR (2 FABaloxavir -

- BERA | BEBEERE R4 AR FOseltamivina s - RBEAESS
MIEE Y HBARFEARBRA - AREERFAEAEEREEZHA -
B AR R 2 S RE EREEE AT Oseltamivir&H

https://www.who.int/publications/i/item/9789240097759 87
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Oseltamivir m Baloxavir Marboxil

ik ; #HEERE (WFE

: ik ) a[
EASE FeSeZ)iEESEs SORA ={ S

KSR 448 AR P Rl
35 2 g\éﬁf E—ERXRE wAmsEsE L WA RIS (S L)

o FEEREMON N ERFERTX
ZEEIE - HREAR MNEERTEH 4 XVEEEFE—IRBZETE BEROMR

ARAE 7 K&
o 135 MREEERRE= e 20kg ERHRA 20mg
BEEIE - 135(2)PLLSEEE 40kg 10mg QD « >20,<80 kg EXARFE 40mg

Pl EZ& 75mg QD e >80 kg ERHARAE 80mg



Summary of antivirals for influenza

g DMERR Y DNZEAE AR 4% 6%

Neuraminidase Oseltamivir4/E[] o BB/ M [ 5 Eim B EREEE MEIE ~
inhibitor Zanamivir 2A[7] %éﬁ%tﬁ@/'\&h%%ﬁz T3 R4S/  OJHRzRmTZ16.8hr
Peramivir B AfE YR EE

NN3RAE AR ZE 8% 26.5hr
Endonuclease o - virea(5] mARRE R 2 fHE R T 29.1 hr (B EIR)

inhibitor
IIEERESE===155

- ARVREEYNEREG 2SI EERTHEBRARK
JAMA Intern Med. 2024;184(1):18-27

o ZmYIINEMLEHIAT  (BEEEFRIFEE The Lancet Respiratory Medicine, 2014; 2, 395-404
Euro Surveill. 2023;28(4):2200340

Cochrane Database Syst Rev. 2012;1:CD008965.
N Engl J Med 2018;379:913-923
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TRRR 14 $5 %

o XERBERZAORESP ( BBl - BEZXGREBEES ) - ttHR)E
faZ - oiREBER T ( RBERERN - S5BESEREE - E6CEREES
MEEESZFAEER ) @ fHMEIE TR FE S EY) 2 B

o AN EMMREBIEERKENWAL  HREESEMGE - ShERRKE
ZR)EEE  AREZSMENER @ WiE:#ZF BBaloxavir ~ Laninamivir
Oseltamivir * Zanamivirs i, Jx 55 22 ) 58 P& {8 5K 22 &) Pz
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