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= Blood shortages — a chronic issue in Asia
- Suboptimal use of blood Blood shortage affecting
- Difficulties to recruit donors hospitals in Philippines

Could hamper plans to make country centre of medical tourism
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Impact of emerging pathogens on blood availability

Blood shortage is exacerbated by emerging pathogens and resulting
donor deferrals

= Dengue virus

- The donor population is now more impacted: Children used to be the
most impacted population in Asia. Recently shifted to more adult
population (potential blood donors)

- Deferral for Acute febrile illness.

- Shock syndrome and leakage necessitate blood transfusions
= Zika virus

= Deferral for acute febrile illness (20% symptomatic)

= NAT screening or approved PI/PRT (US)

= Deferral of NAT-positive donors once screening is implemented
= Chikungunya virus

= Deferral for acute febrile illness

= Co-circulation of arboviruses
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The Problem with Emerging Pathogens — Unpredictability
Eg. ZIKV Outbreaks in Americas ... is SE Asia a sitting target?

= ZIKV circulated throughout Africa, SE Asia for decades, yet only recently caused outbreaks
(2007, 2013, 2015) due to widespread presence of Aedes vectors, urbanization, increased travel.

= Reports of Zika in Asia have been sparse until ~2016 in Singapore, Thailand
- Under-reported or misdiagnosed since symptoms and serology similar to Dengue, Chkv
- Population may already be protected by cross-reactivity from Dengue

- Enhanced Zika infection by pre-existing anti-DENV antibodies.!2

1. Wikan N et al. Asian Pacific Journal of Tropical Medicine 2017;10(1):1-5.
2. Stettler K. et al. Science 2016;353(6301):823-826.
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Sustainability: Reactive Approaches Alone Have Limits
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EDITORIAL

Assuring blood safety and availability: Zika virus, the latest
emerging infectious disease battlefront

hardly novel. Transfusion transmission of Tre-

ponema pallidum, the etiologic agent of syphi-
lis, was recognized in the early 20th century soon after
the first 1 and in resp donor
tests for syphilis-related antibodies were introduced.!
Later in the 1960s, hepatitis B virus was found to cause

dice, and itive donor

tests for hepatitis B surface antigen (HBsAg) were added
o donor testing in the early 1970s. The AIDS epid.

hreats to blood safety from infectious agents,
and subsequent public health action, are

blood safety and present a particular challenge due to
rapid and large-scale epidemics affecting the United
States and its territories. While more than 100 patho-
genic arboviruses are known 1o exist and some, particu-
larly yellow fcvcr and dengue, have been &sodamd
with in the i d United
States, none has caused recent outbreaks before the
emergence of West Nile virus (WNV) in 2002. Unlike
typical blood-borne viruses such as hepanus vuuscs
and HIV, which blish chmmc fect

cause domi ly acute infecti thus ing a

in the 1980s presented an entirely new kind of chal-
lenge to blood safety, with the need to respond urgently
0 a newly emerging blood-| boml: and sexually transmit-
ted i ion with i A massive
scientific and public hcallh responsc to AIDS resulted
in discovery of human immunodeficiency virus (HIV) as
the etiologic agent and then licensure of blood donor
screening tests a year later. Since the emergence of HIV,
numerous recognized and emerging blood safety con-
cems (e.g, human T-lymphotropic virus, hepatitis C virus
HCV), cyomegalovirus, malaria, variant C 1dt

threat to blood safety only while a donor is transiently
viremic, either during the disease incubation period or
with an asymg tic or a mild, und d sympto-
matic infection. The challenge arises from rapid epi-
demic spread of an arbovirus in new geographic areas,
resulting in immediate safety risks to the blood supply
and an urgent need for intervention. Additionally, direct
viral detection in donated blood, a generally cosdy mea-
sure, is needed since testing for antibodies, which take
time to develop after lnf«.cﬂon and persist, would fail o

most and result in defer-

Jakob disease, Chagas disease, and bacterial contamina-
tion) have been addressed by a multtiered approach

donor deferrals through education and risk
factor-based screening with questionnaires; a limited
physical examination; Lsc of deferral registries to prevent
future i y testing for
markers of infection including nucleic acid tests (NATs)
for some agents; and use of pathogen reduction technol-
ogies (PRTs) for certain blood components, all within a
s)'slcm hlgh.l) regulated by the US Food and Drug

ral of large numbers of acceptable donors with previ-
ously resolved infections.
The US WNV epidemic was the first example of a
larg«. -scale arboviral threat to the US blood supply,
an urgent across go! and
with reports in
Augml 2002 of a WNV infection acquired by organ
transplantation, ultimately being traced w a WNV-
infected blood transfusion received by the organ donor,
of a rapidly spreading vector-borne, transfu-
i itted agent d with bidity (e.g.,
led to calls for blood

(FDA). Ne more  recenty
threats, including arb and disease) and
have ¢ d novel challenges related to di

local vector-borne spread and have exposed continued

vulnerabilities to blood safc(y that mll for urgcnl actkm
Arboviruses,

mosquitoes), are relatively new cmcrgng lhraals to

The condusions, findings, and opinions expressed by
authors contributing to this work do not necessarily reflect the
official position of the US. Depantment of Health and Human
Services, the Public Health Service, the Centers for Disease
Contmwol and Prevention, or the Food and Drug Administration.

doi:10.1111/tif.13673

© 2016 AABB
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donor screening tests for WNV.? Collaborations among
federal agencies, state public health laboratories, blood
collection organizations, and test kit manufaclurcrs led
to the lability of 1 donor

tests within 7 months of a November 2002 workshop £n
which consensus had been reached on the urgency and
path forward. Fortunately, WNV isolates had been
sequenced and were available for sharing, and technol-
ogy platforms for NAT of blood donations for HIV and
HCV could be readily adapted to WNV by the manufac-
turers. WNV has since become endemic in the United
States, i an indefinite program of d

testing. A decade later, there have been regional out-
breaks of other arboviral diseases, namely chikungunya,

\olume 56, July 2016 TRANSFUSION 1669

“Interventions are needed that are both
precautionary and independent of the
specific threat such as PRT for all blood

components”
Kuehnert MJ and Epstein JS. Transfusion. July 2016.

= Reactive approaches like testing are
problematic:

- Delayed implementation due to development
time, regulatory reviews, etc.

- Potential cost/logistics impact due to additive
testing

ing Zika virus epidemic. More broadly, as increasing
numbers of emerging infections threaten blood safety,
progressive addition of donor screening tests targeting
individual pathogens has become problematic for many
reasons, including uncertainty and delay in their imple-
mentation as well as increased costs for and impacts on
blood center logistics. A new paradigm is needed!

I NTE RCBELOPO-DI- I SYSTEM



Emerging Pathogens: Can Tests Keep Up?
Development time, cost, continual addition of new pathogens

New pathogens continue to

25 years of testing = partial protection against just 7 agents emerge - can fosts kesp UR?

HIV, Hepatitis B, Hepatitis C, HTLV, bacteria, West Nile virus, T. Cruzi

Cost
$250 T.Cruzi
WNV NAT
HIV-HCV Chikungunya
_ NAT Dengue
Widespread Plasmodia
$200 Leukoreduction SFTS
Zika
others...
HIV-1 p24
$150 HBc HCV . Hva1/2,
Hiv-1 AT HCV Bacterial Detection
Ab l AABB Rule 5.1.5.1
$100 l ‘l’
1985 1990 1995 2000 2005

RBC price data adapted from B Custer & JS Hoch, Transfusion Medicine Reviews, 23, No 1 (January), 2009: pp 1-12
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Emerging Pathogens — Current Mitigations Have Limits

= No FDA-licensed test for donor screening exists
for certain emerging pathogens

= AABB Bulletin February 2016: Zika,
chikungunya, dengue travel deferrals

= Post donation information/illness reporting
- Risk still exists with components transfused from
asymptomatic donors.

= Stop routine collections, attain components elsewhere
- Puerto Rico, Florida due to dengue (One Blood in 2013).
- Not ideal for platelets, disruptive due to limited shelf-life and shipping time.

. Pathogen reduction (PR)
FDA approved for arboviruses including chikungunya, dengue, WNV.1
- FDA Guidance for Zika released revised guidance in August 2016,
recommends PR as option for all US.2
- WHO Guidance released February 2016 recommends PR for areas with active
transmission of ZIKV.3

1. INTERCEPT Blood System for Platelets [Package Insert]. Concord, CA: Cerus

Corporation; 2016. 2. FDA Zika Guidance for Industry August 2016. 3. WHO Interim
guidance WHO/ZIKV/HS/16.1 February 2016. INTE RCBIT:OEJSYSTEM




= Addressing the Need:
The INTERCEPT Blood System




INTERCEPT Blood System: Global Status

@ More than 10 years of routine use @ Used in >150 Blood Centers in 25 countries
® Kits sold to produce > 4,000,000 INTERCEPT platelet and plasma units

. Centers in Routine Use

. Commercially Available

. Regulatory Activity Initiated /
Application Pending Review

Last update: March 2017
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The INTERCEPT Blood System: A broad Spectrum of Inactivation

A Broad Spectrum of Inactivation
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Stramer SL, et al., (2009), Transfusion. 49(August 2009 Supplement): p. 1S - 29S (in plasma).
Tsetsarkin KA et al. Am. J. Trop. Med. Hyg., 88(6), 2013, pp. 1163-1169.

Musso D. et al. Transfusion. 2014 Nov;54(11):2924-30. (Dengue in Plasma).
Aubry M. et al. Transfusion. 2016 Jan;56(1):33-40. (Zika in Plasma).
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The INTERCEPT Blood System:
Maintaining Safe and Adequate Supply During Arboviral Outbreaks

INTERCEPT has been called upon to sustain platelet availability during
arboviral outbreaks:

= 2005 CHIKV epidemic on Ile de La Réunion, France.!

= 2010 DENV/CHIKYV outbreaks in Guadeloupe and Martinique, French Polynesia.2
= 2013/2014 French Polynesia able to proactively address Zika outbreak with PI.2
= 2014 CHIKV and DENV outbreaks in the Caribbean region.3

= 2016 ZIKV outbreak in Puerto Rico.*

. BMT Tandem Meeting;
)

L)
1. Rasongles P, et al. Transfusion 2009;49:108391'|erlaire D, et al.
February 2016. 4. Weiner E, et al. AABB 2016, SP454.

4. WHO Interim guidance WHO/ZIKV/HS/16.1 February 2016. 5. FDA Guidance for Industry Augu
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Zika Virus Epidemic, 2015 - 2016:
Puerto Rico — Banco de Sangre de Servicios Mutuos

= Per initial FDA Guidance (Feb 2016), all
collections halted, components imported
from US. Testing was not available.

= Importation posed challenges.

= Shortened platelet shelf-life, cost, logistical

burden, issues with donor recruitment and

sustaining local availability. “Rapid implementation of the
INTERCEPT Blood System

= In March 2016, adopted PI for all helped us maintain platelet

apheresis platelet products collected at availability during a Zika
BSSM. outbreak.”

- Jose Alsina, VP & COO,
Banco de Sangre de Servicios Mutuos

1. Weiner E. et al. AABB 2016, SP454.
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= Moving Toward a Complete
Solution




INTERCEPT for Red Blood Cells — Status

Primary endpoints met successfully:
» In EU Phase III in acute anemia patients (n=50).
» In US Phase II recovery & survival study in healthy subjects.

Completed enroliment:

« EU Phase III RBC study in chronic anemia patients (n=75).

CE mark submission upon completion of CMC studies

» Scheduling of TUV submission date.

National funding by BARDA permits to accelerate a comprehensive RBC program

» Base Period and Additional Options (~$180M).

» Major Phase 3 & Phase 4 clinical development effort.
» Manufacturing scale-up and disposable advances.

» PI & in-vitro studies

e PMA submission




The INTERCEPT Blood System:
Dengue Virus Inactivation in All 3 Components

Robust Dengue inactivation in plasma, platelets, and red blood cells

Infectivity RNA Load Equivalent
oa quivalen
Blood Component (Logy TCIDso/mL) or |\ oo GEq/mL) GEq/mL
PFU/mL

1
Plasma (DENV 1) 10.21 1.6x1010

5.61
Platelets in PAS (DENV-2)2 >5.3 NA NA
Red Blood Cells (DENV-1)3 6.61 8.4 2 6x108

1. Musso et al. Transfusion. 2014;54:2924-30
2. Dupuis et al. Transfusion. 2012;52 (3S)(3S:225A):225A
3. Unpublished; Data on-file at Cerus.

PFU : plaque forming unit
NA : not available
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The INTERCEPT Blood System:
Zika Virus Inactivation in All 3 Components

Robust Zika inactivation in plasma, platelets, and red blood cells

Average Inactivation Equivalent

Blood Component Infectivity RNA Load _
GEg/mL
(Log,, TCID<,/mL) (Logy GE/mL)

1
Plasma >6.57 10.25 1.8x1010

i 2
Platelets in PAS >A4.42 746 2 9x107
3
Red Blood Cells >5.99 7.75 5.6x107

i 1
Asymptomatic Donor Sera NA 4.85+1.0 7 1x10*

= The level of infectious virus inactivated is higher than the levels detected in asymptomatic
viremic donors.

1 Aubry et al., Transfusion 2016 epub. 2Santa Maria et al. Unpublished, 3Laughhunn A et al. Transfusion 2016.




= Conclusion




= Blood shortages in Asia are a chronic issue that can be exacerbated by emerging
pathogens (i.e. via deferrals, new tests).

= Emerging pathogens and their unpredictability call for a proactive measure to
effectively mitigate TTI risk, and to maintain blood availability.

= The use of a robust PI system provides a comprehensive solution, that will
help maintain blood safety and availability.

- Today, INTERCEPT Platelets and Plasma are available to help ensure blood
sustainability.

- Platelets supply is particularly at risk in event of outbreak; susceptible to
expiry, logistics issues, and blood shortage.

- Single donor collections can be safeguarded efficiently.

- INTERCEPT RBC System is in active development; provides an opportunity to
simplify TTI mitigation strategies (e.g. testing, deferrals).
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