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Background

B Early treatment with NAls is recommended for subjects hospitalized
with influenza and for subjects with risk factors for serious disease’

B Concerns about emergence of NAI resistance were raised after
most seasonal H1N1 influenza A isolates in 2008 were found to be
resistant to oseltamivir (OSE)?, most with the H275Y mutation

B Peramivir is an intravenous neuraminidase inhibitor (NAI) approved
in Japan and South Korea for treatment of influenza and in Phase 3
global trials for US approval

B Peramivir has in vitro activity similar or superior to OSE and
zanamivir (ZAN) against wild-type strains of influenza34

B There are few reports of H275Y isolates after peramivir (PVR)
treatment®
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NAI resistance mutations generated in vitro (OSE, ZAN or PVR)

NA Mutation Virus subtype s:;?(%t; Flrér;iz\’:g;k NAI
=) R292K* H3N2, H5N1, B Yes OSE, PVR, ZAN
D151E H3N2 Yes OSE
R152K H3N2 Yes ZAN, OSE
R118K H3N2, B Yes OSE
R224K H3N2 Yes OSE
E276D H3N2 Yes OSE
R371K H3N2 Yes OSE
== H274Y/275Y* H1N1, H3N2, H5N1 Yes OSE, PVR, ZAN
N294S H1N1, H5N1 Yes OSE
E119V H3N2, B Yes ZAN. OSE
E119D H3N2, B Yes ZAN
E119G H3N2, H5N1, B Yes ZAN
E119A H3N2, B Yes ZAN

A/PR/8/34 (H1N1), X121 (a reassortant virus with H3N2 surface glycoproteins), **B/Yamagatta/16/88, *A/Singapore/1/57 (H2N2),
A/Shandong/09/92 (H3N2), A/Charlottesville/31/95 (H1N1) and **A/WSN/33 (H1N1).

Baz M, Abed Y, Boivin G. Antiviral Research, 2007;74:159-62. Lackenby A, et al., Current opinion in infectious diseases,
2008, 21:626-638 3



NAI resistance in treated patients (mainly OSE, some ZAN and PVR)
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1222V
1223R
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Virus
subtype

H1N1, HSN1

H3N2
B

H3N2

H3N2, H5N1
B

B
H3N2
H3N2

H1N1

Observed in adults, children and
immunocompromised adults

Observed in Japanese children
Observed in Immunocompromised child

Observed in Immunocompromised child and adult

Observed in Children
Observed in immunocompromised child

Observed in children

Observed in immunocompromised children
Observed in immunocompromised child

Observed in immunocompromised child

NAI

OSE, PVR

OSE
ZAN

OSE, ZAN

OSE
OSE
OSE

OSE, ZAN
ZAN
ZAN

Lackenby A, et al., Current opinion in infectious diseases, 2008, 21:626-638 Hurt AC, Holien JK, Parker M, et al.
Zanamivir-resistant influenza viruses with a novel neuraminidase mutation. J Virol 2009; 83:10366—10373. Thorlund K,
Awad T, Boivin G and Thabane L., BMC Infect Dis. 2011; 11: 134. doi: 10.1186/1471-2334-11-134
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Methods

Four completed randomized phase 2 and 3 studies conducted from
December 2006 to October 2010 were analyzed

Eligible patients were randomly assigned to treatment with PVR IV
or IM, oral OSE, or matched placebo (PBO)

Virus was collected from NP swabs at BL and post treatment (Rx)

Influenza A subtype and B infection was determined by RT-PCR,
culture, or serology and H275Y status (WT or mutant) was assessed
by pyrosequencing in HIN1 specimens (1 hospital study)

NA inhibition assay was performed on virus MDCK culture
supernatants by MUNANA technique at BL & post Rx
NA genotypes at BL and post Rx were performed in 2 populations:

= SD subset: Paired isolates with A in NAI IC5, from BL to last timepoint
> mean + 2 SD, or > 3 fold

» Delayed clearance subset: Subjects with positive culture post-Rx at
days 5or9



Study Designs and Treatments
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Study:
Phase

Design

Years Conducted

Countries

Sites

Peramivir

Control

Treatment
Duration

Peramivir Clinical Trials with Virology Susceptibility Data

BCX1812-211
2
R, DB, PG
2006-08
7

151

150 mg IM = 113
300 mg IM = 115

Placebo = 114

Single dose

072270621
2
R, DB, PG
2007-08
1

75

300 mg IV =99
600 mg IV =99

Placebo = 100

Single dose

BCX1812-201
2
R, DB, DD, PG
2007-08
7

84

200 mg IV = 45
400 mg IV = 46

OSE 75 mg BID =46

5 days

IV=intravenous, IM=intramuscular, R=randomized, DB=double blind, PG=parallel group, DD=double dummy

BCX1812-303
3
R, PG
2009-10
S

59

300 mg IV BID = 114
600 mg IV QD = 116

None

5-10 days
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Peramivir Phase 2 and 3 Trials - Baseline IC., values were lowest for
peramivir, then zanamivir, then oseltamivir (2006 — 2010)
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BCX1812- 211 (2006/7) Little change in susceptibility from BL to
last culture after a single PVR IM dose in outpatients
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Viral Susceptibllity, Medlan (Min, Max)

Va

<

Influenza Vinus MAl
Type Treatrnent Group Perarnivir Ozeltarnivir Zanarvivir
T |Cgq of last positive culture 010 (001, 1.05) 113 (023,13.02) 062 (0.06, 32.64)
Infusnza & ' Fold changs from baseling®  0.65 (0.04,14.00)  1.04 (0.19,7.92)  1.00(0.12, 14.00)
(HINT) PVR 150 netg _\Cs0of lstpositive cuture  0.22(001,234)  0.84(010,9545  062(0.02,10.39)
Wild Type ' Fold changs from baseling®  1.97 (0.21,6850)  1.15(012,2881)  0.73(0.08, 14.60)
PR 300, 1t ICeq of last positive culture 014 {001, 9.62) 172 (0.04,2437)  1.04(0.21,5.44)
Fold change from baseline®  1.08 (0.04,2933)  1.40(0.34,36.92)  1.15 (0.49, 23.54)
PBO. nodd IC,, of laet positive culture 0,18 (0.01, 2.63)  0.58(0.08,2019)  0.50(0.03, 8.30)
Fold change from baseline® 112 (0.16,18.00)  1.04 (0.16,2360)  1.19(0.14, 25.38)
Influenza & _ |G of last positive culture 017 (002, 1.78) 041 (0.02,3.99)  0.62 {0.05, 5.56)
(H3N2) PURTS0, n=37 — change from baseline*  1.18(0.11,53.00)  1.00{0.07,6.23)  1.28(0.25,5.98)
FVR 300, nod |Csqof last positive culture 016 (0.04, 465)  0.51(011,13.09)  0.82 {0.04, 14.15)
Fold change from baseling® 145 (0.28,37.75)  1.22 (0.26,36.36)  1.40(0.08, 36.15)
— |G of last positive culture  0.06 (0.01,0.11) 087 (0.37,0.96)  0.79(0.57,1.00)
I Fold changs from baseling® 5,67 (0.33,11.00)  0.70{0.23,1.17)  1.03(0.67,1.39)
. o _ IC.,, of 25t positive culture 092 (0.69,2000)  17.47 (1.38,42.75) 457 (0.67, 13.83)
(Indeterminate)  PYR 150, n=3 Fglaéljchange frombaseline® 085 (0.69.2000) 173 (1.18,252)  0.81(051,1.66)
| Cay of last positive culture 0.98 15.65 237
FVR 300, n=1 Fold change from baseling ™ 0.66 1.0 1.02
I |Csq of 25t positive culture 253 (002, 6.30)  17.40 (0.08, 54.63)  2.74 {0.02, 11.97)
Fold change from baseline®  1.12(050,3.04)  1.15(0.24, 2.52)  1.02{0.30,2.41)
Influenza B PUR 150 nta oo Of lastpositive culture 275102 1163) 1787 (442,32.95) 556 (316, 14.91)
' Fold change from baseling®  1.03 (021, 2.08) 095 (0.24,1.19)  1.12 (068,271
PUR 300, netg Csoof lstpositive culturs  1.74(029,3.41) 1480 (836, 32.57) 289 (107, 8.80)
Fold change from baseline® 095 (003, 187) 024013, 144)  0.92(0.37,3.09)

Qlu&a =1 indicata no change, valuas = =1 indicate a fold increase, and valuas = <1 indicate a fold decraass

Two genotyping subsets were defined: paired isolates with NAI IC5, values > the BL mean + 2 SD (n=20),
and subjects culture positive at day 9 (n=18). Two viruses for which the NA sequence was determined

had an emergent known resistance mutation (both H275Y). .
Atiee G et al. IDSA 2011 8
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~ BCX1812- 201 (2007/8) No change in susceptibility from BL to last
culture after 5 days of daily IV PVR therapy in hospital

-

~N

NAI Assay of Influenza Isolates: Fold Ehange from
Basellne to Last Posltlve Culture
Madian (Min, Max) IC;, Fold Changs from Bazaline
to Last Positive Culture
Influanza Virus Typa Treatmeant Group Paramivir D=attamivir Zanamivir
Influenza A Hi M 0SE, n=2 34015,52) 0.710.2,1.3) 0.610.1,1.14)
Wild Typs FVR 200, n=1 1.0 13 0.8
N=5 FVR 400, n=2 0.8 (0.6, 1} 0.810.3 1.3) 1.000.6, 1.4}
Influanza A HI N OEE, n=1 062 1.30 052
HE7aY PVR 200, n=1 072 07z (.52
n=2 PVR 400, n=0
0SE, n=2 0.7(0.3,2.7) 0.8(01, 4.5) 0.8 (0.2, 25.8)
L"E'f?%"m A H3hE PR 200, nh 0.0 04, 21.0) 40(0.5, 36.4) 26 (05, 51)
FUR 400, n=0 14 (04,2.7) 14 (0.2, 7.6) 1.1 (0.5, 6.8)
0SE, ne=f 0.7 (04,5.4) 0.0(0.5 22.7) 1.4(04,54)
Influanza B PR 200, n=8 10(06.24) 0006 1.2) 1.0 (06, 2.0]
-19 , N= Mille, 1.2 A, 20
PVR 400, n=5 0.8 (0.02, 3.8) 0.8(05, 2.0) 1.0(05,1.7)

\.

/

Two genotyping subsets were defined: paired isolates with NAI IC5, values > the BL mean + 2 SD (n=12),
and subjects culture positive at day 5 (n=18). No virus for which the NA sequence was determined had

an emergent known resistance mutation.

Ison M G et al. ICAAC 2011

9
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BCX1812-303 (2009/10): Little Change in 2009 H1N1 influenza A
virus susceptibility to NAls, median IC;; nM (Range)

Peramivir 300 BID

Baseline, Mdn (min,max) 0.09 (0.01,0.14)  0.37 (0.32,1.15) 0.22 (0.16, 0.55)
Last +, Mdn (min,max) 0.09 (0.06, 31.02) 0.37 (0.23, 282.4) 0.23 (0.08, 0.30)
Median Fold Change No change* No change* No change
Peramivir 600 QD

Baseline, Mdn (min,max) 0.09 (0.05,0.14) 0.43(0.18,1.26) 0.22 (0.02, 0.57)
Last +, Mdn (min,max) 0.10(0.07,0.13)  0.38(0.28,0.93) 0.25(0.11, 0.34)

Median Fold Change No change No change No change

Two genotyping (GT) subsets were defined: paired isolates with NAI IC5,s > BL mean + 2 SD
and subjects culture positive at day 5. *Only one isolate (high post-BL IC.,) had H275Y, prior

oseltamivir thera
py Ison M G et al. ICAAC 2011
10
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- Genotypic data from peramivir Phase 2 and 3 clinical trials (2006
to 2010) - Eight isolates with post therapy H275Y identified

Subjects in Peramivir Glinical Trials with Post-Baseline
Treatment-Emergent H275Y Mutation

Peramivir IC,; (nM) Fald
Change
Age Influenza Subtype Bageline Pogt-Fu” from BL

20 AHTNA 012 8.34 70
27 AHTNA 552 1.089 0.2
38 AHTNA 0.97 145 15
34 AHTNA 1.7 al5 18
21 AHIN 1.35 276
22 AHTNA 112 27.8
25 AH1TNT 147 a3
57 2009 A/H1NA 0. 21,02

|74

-n-ng-n-n-n-n-nﬁ

Subject Stuchy Treatrment
BE2-007 211 PVR 150 IM single dose
671-004"" 211 PVR 300 IM single dose

0801 G PVR 600 IV single dose
(86-5 G PVR 600 IV single dose
135-6 6 PVR 600 IV single dose
148-4 G PVR 600 IV single dose
163-5 51 PVR 600 1V single dose
143-00G 303 FVR 300 BID IV 5-10 d

IV = intravenous, IM = intramuscular, EL = baszline
*Last positive culture
**last positive culture for this subject (Day &) did nat yvield a result for sequence analysis. Sequence performed on Day 3 specimen

Genotypic analyses of isolates from single dose studies (SD subset n=31; delayed clearance, n=18)
found 7 subjects (1.6%) with H275Y substitutions in NA.

In the 5-10 day studies, genotyping found only 1 subject (0.5%) with the H275Y mutation (SD
subset, n=13; delayed clearance, n=18); that subject had received prior oseltamivir treatment.

No additional known resistance mutations were identified.

11
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Conclusions

Baseline 1C;, values for influenza A/H1N1 (wild type), A/H3N2, 2009
A/H1N1, and influenza B were as previously reported with the order
being peramivir<zanamivir<oseltamivir.

In general, little change in 1C5,s post-BL was seen.
Few subjects shed virus at day 5-10.
Few paired isolates had post-BL I1C;, values > 2 SD from the mean.

When genotypes were obtained:
= Only 7 viruses (1.6%, SD subset) in the single dose studies
= Only one (<1%, SD subset) in the 5-10 day studies
* had a post-BL known resistance mutation (all H275Y).

12
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BCX1812-211 — Baseline IC., values were lowest for perarﬁNir,
then zanamivir, then oseltamivir (2006/2007 and 2007 seasons)
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BCX1812-201 - Baseline IC., values were lowest for peramii}ir,

then zanamivir, then oseltamivir (2007 and 2007/2008 seasons)
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“ BCX1812- 303 baseline susceptibility of isolated influenza Viruses
(2009/10 and 2010 seasons)
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Ison M G et al. ICAAC 2011
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Change in influenza virus titer for isolates with the H275Y
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mutation post therapy

Shionogi study 621, single IV dose 300 or 600mg BioCryst study 211, single IM dose 150 or 300mg
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