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Table R1: Use of antivirals for treatment of influenza
Fopulation
Pandemic (HINT) influens, A

WHO Guidelines for Pharmacological Management of Pandemic
(H1N1) 2009 Influenza and other Influenza Viruses, August 09




Antivirals for Pandemic H1N1: Outline

Therapeutic effectiveness of current agents
— Pandemic H1N1

— Hospitalized seasonal influenza patients
—H5N1 illness

Antiviral resistance (H275Y in N1)

New antiviral agents and approaches

— Clinical development candidates

— Combinations

Activity of Neuraminidase Inhibitors and T=705
against Pandemic H1N1 Virus in Mice

= Control B Zanamivir (8 mg kg-')
Osattamivir (8 mg kg-") C5-8088 (0.7 mg kg")

W Osoftamivir (80 mg kg*) T-708 {80 mg ka ')
Zanamivir (0.8 mg kg "} T-705 (300 mg ka™")

Oseltamivir-
resistant H275Y
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« Treatments initiated at 1 hr post infection

Itoh et al. Nature published online 2009

Oseltamivir Treatment of Pandemic H1N1
lliness, Vietnam, May - July 2009

292 pandemic H1N1 rtRT-PCR positive patients

— Oseltamivir (75 mg bid in adults) until negative

— All mild illness, 1 with infiltrates

Viral RNA detection from URT in 14% on day 5 and
longer in 7% (up to day 12-14)

— All culture negative after day 5

Oseltamivir susceptibility testing

— 3 who were RNA+ > 5 days had resistant virus with
H275Y mutation on days 5, 6, and 11.

Hien TT et al. ProMED 8 August 2009 and 11 October 09




Table 4. Risk of Viral Shedding for Mose Than § Daye.”

Risk Factors for
Prolonged Pandemic =8
H1N1 RNA Detection

Viral Shadding for Masw Than § Days

» 350 pts with mild-
moderate illness

» Early oseltamivir
therapy was key
variable.

Cao et al. NEJM 2009

Detection of Infectious Pandemic H1N1 Virus

Proportion
» 53 adults aged Samples  Culture  culture
- collected  positive  positive
17-24 yrs with W
Temperatre =100°F 5 ] 7

pH1N1 illness Temperanure <100°F

. . <24 hours symptom frec
Median duration
of illness = 5.6 Cnctuding dby of
days (1-11) Let (o of b

Isolation of B

3rd

pH1N1 virus > 5 th

5th
days and after b

Bth

Sx resolution. orh
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Witkop et al. Am J Prev Med 2009

Nasopharyngeal pH1N1 Viral RNA Levels in
Hospitalized Patients Given Oseltamivir

« Slower decline in viral shedding was observed in all severe

patients compared to mild disease.
To et al. CID 50: , 15 March 2010




Antiviral Use in Pandemic H1N1 Hospitalizations,
April - June 2009, USA

Patient No. Percent | Median days |Percent
with treated* | from illness treated
data onset (range) |<48 hr

Hospitalized ﬂ i (0 ° 29)
| 86%

admiss

il Nl

*188 oseltamivir, 19 zanamivir; 27 oseltamivir + adamantane

group

Jain et al. NEJM, published 8 October 2009

4. Characteristics of Hospitalized Patients Who Were Not Admitted to an Intensive Care Unét (ICU) and Survived

and Pathents Who Were Admitted to an IOU or Died.*
Jain 8, et al. NEJM. 2008 Oct 8. [Epub] - Patients Who Were
Mot Admitted to an 1CU

an or Died

(N=87]

Days of lliness to Treatment and Outcomes,
Manitoba, April — September 2009 (N = 795)

Symptom onset
to antiviral Rx:

2 vs 4 vs 6 days

50 { (p=<0.001) ‘
1 1 1 - 1 | =T

o 1-2 -5 o-11
Dalay from symptom onset to antiviral treatment, days

% of cases

Zarychanski et al. Canadian Med Asso J, 21 January 2010




Oseltamivir Treatment in Hospitalized Patients
with Season Influenza
% Fatal cases

Location, Patients Oseltamivir No Odds ratio
seasons Oseltamivir | (95% CI)
Toronto, Adults 3.9% 10.1% 0.21

2005-06 (41103) (22/219) (0.06-0.80)

Thailand, Adults + 1.6% 13.0% 0.14
2004-06 Children (5/318) (171131) (0.04-0.44)

Hong Kong, Adults 2.2%* 5.6%** 0.26
2004-05 (5/232) (71124) (0.0 7/

McGreer et al. CID 405:1568, 2007 * Oseltamivir < 96 hrs after illness onset
Hanshaoworakul et al. PLOS ONE 4:e6051, 2009 ** No oseltamivir or treated >96 hrs after onset
Lee et al. CID 46:1323, 2008

Case Fatality Rate by Time From Symptom Onset
to Treatment With Oseltamivir

100 4 Toovey et al. ICAAC 2009
78/89

80
60

40

Proportion deceased (%)

20 A

0+

Untreated* Treated® 02 35 68 o1 12+

Treatment status and time from symptom onset to treatment (days)**

*1 patient has unknown survival and is excluded (untreated with any antivial)
01 85 patients who received oseltamivi as treatment, 11 are excluded due to missing treatment start dates or symplom onset dates.

Enteric absorption and pharmacokinetics of oseltamivir
in critically ill patients with pandemic (H1N1) influenza

Ariano Pharmi, Daniel 5. Sitar PhiD, 54 A. Zelenitsky PharmD, Ryan Zarychanski MD,
Phsipati MSe, Stéphane Ahern MD, 52 n Kanji PharmD, lordi Rello MD,
o

41 critically ill adults with suspected or confirmed
pH1N1 who were admitted for ventilatory support

— Plasma oseltamivir levels before gastric
administration of the drug and at 2, 4,6, 9 and 12 hrs
after the fourth or later dose.

» Oseltamivir was well absorbed enterically, and
dosage of 75 mg twice daily achieved plasma levels
that were comparable to those in ambulatory pts.




Characteristics of Antiviral Resistant Human
Influenza Viruses- February 2010

*Varies by clade.

Influenza Antiviral Resistance, 2008-2009:
General Comments
* In vitro resistance to M2Is (S31N) or oseltamivir

(H275Y in N1) is high-level and confers clinical
resistance (i.e., lack of in vivo effectiveness).

M2l cross-resistance to entire M2l class, whereas
NAl resistance is drug, influenza virus, and
mutation specific.

— Zanamivir inhibitory for N1 viruses with H275Y
Recent resistant variants show no obvious
reductions in virulence or transmissibility.

— Outbreaks in healthcare facilities

— Severe, sometimes fatal illness in at-risk patients

Oseltamivir Resistance in Pandemic H1N1

Most sporadic, geographically dispersed detections
— Clusters but no sustained community spread to date
— 190 among >15,000 tested to 6 Jan 2010

— All with H275Y mutation; no reassortment with
seasonal H1N1

Treatment - especially in immuncompromised hosts
receiving prolonged therapy

Those failing PEP (75 mg once daily)

Non-drug recipients

Most mild, self-limited illnesses

— Except children and immunocompromised hosts




Oseltamivir Resistance in Pandemic H1N1,
WHO Reports to 17 Feb 2010 (N=248)

B Association with freatment

O Assoclated with pos!
exposUre prophylaxs

B Severs Immunos uppression

B8 No known association with
treatment or likely parson-
to-parson ransmission

O Prekminary report (full data
not yot avaitablo)

IV Zanamivir for Oseltamivir-Resistant
Pandemic H1N1 in Immunocompromised Host

22,500
12,500
Lobar i
. y
pneumonia b 4 ?Su.z
2000 4

Rapid antigen test
PCR

a 171 25
* 10 yo girl with ALL and pH1N1 positive URI — diffuse
pneumonia and mechanical ventilation — recovery
Gaur et al. NEJM, published online 23 December 2009

Oseltamivir-Resistant Pandemic H1N1 Cluster,
Vietnam, July 2009

» Cluster of 7 oseltamivir-resistant pH1N1 cases
(all H275Y) linked to a 42-hr train journey in July

— 6/10 seated in same carriage had RT-PCR+ illness
(2 others non-symptomatic; 2 no follow-up).

— 1 with RT-PCR#+ illness in another carriage

— No prior oseltamivir or exposure, but all 7 given
oseltamivir Rx for illness

* Most viral RNA negative by day 6 of iliness
— One positive to day 9 of iliness with H257Y

Mai et al. NEJM, publisehd 7 January 2010




Clusters of Oseltamivir-Resistant Pandemic
H1N1 in Immunocompromised Hosts

* Duke University Hospital, Oct - Nov 09

— 4 adults aged 43 - 67 years, all severely immuno-
compromised status; 3 fatalities

— Same ward with illness onsets in a 2-week period
— H275Y mutation identified in 3 before oseltamivir Rx
» University Hospital of Wales, Cardiff, Nov 09

— 8 patients with underlying haematological
malignancies; no fatalities

— H275Y treatment-induced in 2 cases

— At least 4 patients contracted the resistant virus
through person-to-person transmission.

Oseltamivir Antiviral Resistance: Comments

» Oseltamivir-resistant pandemic H1N1 2009 viruses
are transmissible and can replicate and cause
iliness in healthy people in the absence of selective
drug pressure.

— Capable of causing severe illness and fatalities in

high risk patients, especially immunocompromised
hosts

» Dual M2 and NAI resistance in some pH1N1 isolates

— If suscepted or proven oseltamivir resistance,
zanamivir is drug of choice

— Inhaled zanamivir (Relenza) for PEP or early therapy
— Intravenous zanamivir for serious illness

Investigational Anti-Influenza Agents

¢ NAinhibitors (NAls) HA inhibitors
— Peramivir (IV)
— Zanamivir (IV)

— Cyanovirin-N
— Sialyl-glycopolymer
— A-315675 (oral) — Arbidol (oral)
Long-acting NAls (LANIs) Polymerase inhibitors
— CS8958/R-118958 (topical) — Ribavirin (oral, IV, inhaled)
— Flunet® (topical) — Viramidine (oral)
Conjugated sialidase — siRNA (IV, inhaled)
— DAS181 (topical) — T-705 (oral)
Protease inhibitors Antibodies (anti-HA, NA, M2)

Cationic airway lining Interferons
modulators (iCALM)




Selected Investigational Anti-Influenza Agents
in Clinical Development- January 2010

Target Development
phase

Comparative Pharmacology of Neuraminidase
Inhibitors in Adults

NA Inhibitor Resistance Profiles

NA NA type/ Susceptibility in the NAI assay (fold A)
mutation subtype

E119V  AN2  R(50)  s(1)  s()  s(1)
R292K R(>1000) S(1-25) R (40-80) s(1)
H275Y R (>300) s (1) R (80->100) S (2)

D198N R (9) )} S (5) ?>*

Mishin et al. AAC 49:4516, 2005; Wetherall et al. AAC 41:742, 2003; Yamashita et al.
AAC 53:186, 2009 g o]
*IC50 value ~ oseltamivir and zanamivir in 1 study




Summary of Recent Antiviral Clinical Trials

¢ Uncomplicated influenza
— Peramivir: single IV dose (300 or 600 mg) superior
to placebo and comparable to 5 days of oseltamivir
in adults
— Laninamivir (CS-8958): single inhaled doses of 20
mg or 40 mg comparable to 5 of day oseltamivir in
adults and children
— Favipiravir (T-705): higher doses comparable to
oseltamivir in adults
* Hospitalized adults

— Peramivir: multiple IV doses comparable to
oseltamivir in hospitalized adults (phase 2)

Combination Antiviral Therapies in Influenza

Combinations Evaluated i Combipations T?ste_d or Future Considerations
5 Under Evaluation in p o
Animal Models T sy for Use in Combinations

Amantadine + ribavirin Amantadine +

oseltamivirt Other NAI (peramivir,

Amantadine + laninamivir

eltamivy Oral r_imantadine_+. Polymerase inhibitor
Rimantadine + nebulized zanamivir (favipiravir)
oseltamivir Oseltamivir + Sialidase inhibitor
Oseltamivir + ribavirin Zanamivir (DAS181)
Oseltamivir + T-705 Oseltamivir + T-705* Antibody therapies

Amantadine + Amantadine + Interferons
interferon + thymosin ribavirin +

. Immunomodulators
alpha oseltamivir

* Pharmacokinetic and safety study only

Effects of Double Combinations of Amantadine, Oseltamivir, and
Ribavirin on Influenza A (H5N1) Virus Infections in Cell
Culture and in Mice’

If virus M2 inhibitor susceptible, then synergistic
interactions in vitro and T survival in mice when
combined with oseltamivir or ribavirin.

If virus M2 inhibitor resistant, no benefit to use in
combination with oseltamivir or ribavirin.
Oseltamivir and ribavirin show primarily addi
interactions in vitro and in murine model.




T-705 and NAI Combinations In Vitro

a 2 §

Inbibition Rats of
Viral Growth (%}

Inhibition Rate of
Viral Grawin ()

e B

Zanamivir + T-T05
" T8 akone

In mice the oral combination of T-705 and oseltamivir
showed dose-related additive to synergistic survival
benefits for HIN1, H3N2, and H5N1 viruses

Smee et al. Antiviral Res 83:A37, 2009

Meta-Analysis: Convalescent Blood Products
for Spanish Influenza Pneumonia: A Future
H5N1 Treatment?

» Thomas ©. Luka, MD, MTRH; Edward M. Kilbana, MD, MPH;
Jellrey L Jacksun, WD, MPH, and Steptien L Hulroan, MD, DT

17 October 2006 | Volume 145 Issue 8 Annals of Internal Medicine

Literature review for reports of using convalescent
blood products in treating pneumonia patients

hospitalized in 1918-20

— 8 studies; total of 336 treated patients

— 1,219 controls received supportive care

— None blinded, randomized, or placebo-controlled
Overall mortality reduced from 37% to 16%
(difference 21%; 95% CIl, 15% - 27%).

— Benéefit if treated < 4 days after pneumonia Dx

L —— PLOS 0N

Heterosubtypic Neutralizing Monoclonal Antibodies
Cross-Protective against HSN1 and H1N1 Recovered from

Human IgM™ Memory B Cells

« Panel of 13 moAbs
recovered from combin-
atorial display libraries
Binding to hydrophobic
pocket region in the stem
domain of different HA
subtypes within H1 and H9
clades

Throsby et al. PLoS ONE 12:e3942, 2008




Anti-Influenza Activity of Human MoAb
CR6261 in Mice

AlVietnam/1203/04 AJ/WSN/33

« Dose-related prophylactic effect against lethal challenge
« Therapeutic effect up to 4 days p.i.

Throsby et al. PLoS ONE 12:e3942, 2008

Influenza A Virus Host Cell Interactions

Brass et al. Cell 139:1243, 2009

NIAID Influenza Antiviral Development Workshop: New Generation

Division of Microbiology and Infectious Diseases (DMID),
National Institutes of Allergy and Infectious Diseases (NIAID),
National Institutes of Health (NIH),

Department of Health and Human Services (DHHS)
and
Blomedical Advanced Research and Development Authority (BARDA),
Office of the Assistant Secretary for Preparedness and Response, DHHS
Natcher Building, NIH Campus
Bethesda, ) and 20892

March 26-27, 2009




Antivirals for Pandemic H1N1 Influenza

Resistance to adamantanes but susceptibility to
multiple NAls + investigational drugs

— Sporadic isolates resistant to oseltamivir (H275Y)
Delayed time to treatment observed in severe and
fatal ilinesses
Antiviral therapy especially important for:

— Patients with progressive illness or pneumonia

— Patients with underlying medical conditions

— Pregnant patients

Important progress in development of IV therapies,
agents with novel actions, and combinations




