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Backgroundg

 Early treatment with NAIs is recommended for subjects hospitalized 
ith i fl d f bj t ith i k f t f i di 1with influenza and for subjects with risk factors for serious disease1

 Concerns about emergence of NAI resistance were raised after 
most seasonal H1N1 influenza A isolates in 2008 were found to be 

i t t t lt i i (OSE)2 t ith th H275Y t tiresistant to oseltamivir (OSE)2, most with the H275Y mutation
 Peramivir is an intravenous neuraminidase inhibitor (NAI) approved 

in Japan and South Korea for treatment of influenza and in Phase 3 
l b l t i l f US lglobal trials for US approval

 Peramivir has in vitro activity similar or superior to OSE and 
zanamivir (ZAN) against wild-type strains of influenza3,4

 There are few reports of H275Y isolates after peramivir (PVR) 
treatment5
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NAI  resistance mutations generated in vitro (OSE, ZAN or PVR)g ( , )

NA Mutation Virus subtype Catalytic
Residues

Framework
Residues 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 Y OSER371K H3N2 Yes OSE

H274Y/275Y** H1N1, H3N2, H5N1 Yes OSE, PVR, ZAN

N294S H1N1, H5N1 Yes OSE

E119V H3N2 B Yes ZAN OSEE119V H3N2, B Yes ZAN. OSE

E119D H3N2, B Yes ZAN

E119G H3N2, H5N1, B Yes ZAN

E119A H3N2, B Yes ZAN

3

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



NAI  resistance in treated patients (mainly OSE, some ZAN and PVR)p ( y )

NA 
Mutation

Virus
subtype NAIyp

H275Y H1N1, H5N1 Observed in adults, children  and
immunocompromised adults

OSE, PVR

R292K H3N2 Observed in Japanese children OSE

R152K B Observed in Immunocompromised child ZAN

E119V H3N2 Observed in Immunocompromised child and adult OSE, ZAN

N294S H3N2, H5N1 Observed in Children OSE

D198N B Observed in immunocompromised child OSE

G402S B Observed in children OSE

I222V H3N2 Observed in immunocompromised children OSE, ZAN

I223R H3N2 Observed in immunocompromised child ZAN

Q136K H1N1 Observed in immunocompromised child ZAN
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Methods

 Four completed randomized phase 2 and 3 studies conducted from 
December 2006 to October 2010 were analyzedDecember 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) 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 H1N1 specimens (1 hospital study)by pyrosequencing in H1N1 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: NA genotypes at BL and post Rx were performed in 2 populations:
 SD subset: Paired isolates with ∆ in NAI IC50 from BL to last timepoint

> mean + 2 SD, or > 3 fold
 Delayed clearance subset: Subjects with positive culture post Rx at Delayed clearance subset: Subjects with positive culture post-Rx at 

days 5 or 9

5



Study Designs and Treatmentsy g

Peramivir Clinical Trials with Virology Susceptibility Data

Study: BCX1812-211 0722T0621 BCX1812-201 BCX1812-303

Phase 2 2 2 3

Design R, DB, PG R, DB, PG R, DB, DD, PG R, PG

Years Conducted 2006-08 2007-08 2007-08 2009-10

Countries 7 1 7 5

Sites 151 75 84 59Sites 151 75 84 59

Peramivir
150 mg IM  = 113 
300 mg IM = 115  

300 mg IV = 99
600 mg IV = 99

200 mg IV = 45
400 mg IV = 46

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

Control Placebo = 114 Placebo = 100 OSE 75 mg BID = 46 None

Treatment 
Duration Single dose Single dose 5 days 5-10 days

IV=intravenous, IM=intramuscular, R=randomized, DB=double blind, PG=parallel group, DD=double dummy
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Peramivir Phase 2 and 3 Trials - Baseline IC50 values were lowest for 
peramivir then zanamivir then oseltamivir (2006 2010)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 outpatientslast culture after a single PVR IM dose in outpatients
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Two genotyping subsets were defined: paired isolates with NAI IC50 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



BCX1812- 201 (2007/8) No change in susceptibility from BL to last 
culture after 5 days of daily IV PVR therapy in hospitalculture after 5 days of daily IV PVR therapy in hospital

9

Two genotyping subsets were defined: paired isolates with NAI IC50 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



BCX1812-303 (2009/10): Little Change in 2009 H1N1 influenza A 
virus susceptibility to NAIs median IC nM (Range)virus susceptibility to NAIs, median IC50 nM (Range)

Treatment Group Peramivir Oseltamivir Zanamivir

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)

L t Md ( i ) 0 10 (0 07 0 13) 0 38 (0 28 0 93) 0 25 (0 11 0 34)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
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Two genotyping (GT) subsets were defined: paired isolates with NAI IC50s > BL mean + 2 SD
and subjects culture positive at day 5. *Only one isolate (high post-BL IC50) had H275Y, prior 
oseltamivir therapy

Ison M G et al. ICAAC 2011



Genotypic data from peramivir Phase 2 and 3 clinical trials (2006 
to 2010) Eight isolates with post therapy H275Y identifiedto 2010) - Eight isolates with post therapy H275Y identified

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. 
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, ; y , ); j p
No additional known resistance mutations were identified.



Conclusions

 Baseline IC50 values for influenza A/H1N1 (wild type), A/H3N2, 2009 
A/H1N1 d i fl B i l t d ith th dA/H1N1, and influenza B were as previously reported with the order 
being peramivir<zanamivir<oseltamivir.

 In general, little change in IC50s post-BL was seen.
 Few subjects shed virus at day 5-10.
 Few paired isolates had post-BL IC50 values > 2 SD from the mean.
 When genotypes were obtained:g yp

 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).p ( )

12



Acknowledgementsg

 The authors acknowledge the study participants, investigators, study 
site personnel, and BioCryst/Shionogi study teams who participatedsite personnel, and BioCryst/Shionogi study teams who participated 
in these 4 clinical trials

 The US department of HHS/BARDA support the development of 
peramivir (Advanced Development Contract HHS0100200700032C)peramivir (Advanced Development Contract HHS0100200700032C)

 ViroClinics Biosciences BV, Rotterdam, The Netherlands, performed 
all the virology work analyzed and presented here

13



Back-up Slidesp

14



BCX1812-211 – Baseline IC50 values were lowest for peramivir, 
then zanamivir then oseltamivir (2006/2007 and 2007 seasons)then zanamivir, then oseltamivir (2006/2007 and 2007 seasons)
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BCX1812-201 - Baseline IC50 values were lowest for peramivir, 
then zanamivir then oseltamivir (2007 and 2007/2008 seasons)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)(2009/10  and 2010 seasons)
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Change in influenza virus titer for isolates with the H275Y 
mutation post therapymutation post therapy

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