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41 and 42) after final primary (n = 1) or secondary immunization
(n = 5), and five of the six volunteers were protected, including
the volunteer challenged at 42 weeks. In total 35 challenges were
performed in these volunteers and there was complete protec-
tion against P. falciparum infection in 33 of the 35 challenges
(94%). These challenges were done primarily with isolates of
P. falciparum identical to those used to immunize the volunteers.
In four volunteers, seven challenges were also done with heter-
ologous parasite strains. The parasites used for immunization
and challenges originated from geographically distinct locations.
" Nonetheless, all of the volunteers (100%) were protected against
the heterologous strain of P. falciparum. A dose response effect for
this type of immunization was apparent: of 8 volunteers immu-
nized with fewer than 950 immunizing bites and challenged with
homologous isolates, only two (25%) were protected.

From the time of the publications of results of the first stud-
ies immunizing humans by the bites of irradiated mosquitoes
infected with P. falciparum sporozoites in the early 1970s,"® it

- has been essentially universally recognized that immunization
of humans with radiation-attenuated P. falciparum sporozo-
ites proved the principle that it was possible to immunologi-
cally protect humans against malaria, and provided a gold
standard._for malaria vaccine efficacy. However, this insight
was atcompanied by-an equally universal consensus ghat ir-

was incwivablé 1] Sgnsidcr dfyloping an‘attenuated P. fal=—"
—

. . Uil Pt e -—
ciparum sporozoite vaccine that would be similar in concept

_to the attenuated whole infectious agents used to successfully
prevent so many viral and”bacterial infectious diseases. This
doubt was not due to concern about the potential safety of
such an attenuated P. falc; arum's{Joroioite vactine: Rather,
it was believed to be impossible to manufacture and adminis-
ter adequate quantities of aseptic, purified, well-characterized,
stable P. falciparum sporozoites that met regulatory and cost
of goods requirements.'!? Therefore, instead of directly pursu-
ing the live attenuated sporozoite vaccine approach, sera and

T cells from volunteers immunized by the bite of irradiated
P. faleiparum sporozoite-infected mosquitoes were used to try
to characterize the immune responses and identify target anti-
gens that were responsible for the protective immunity.2°% The
hope was that these findings would lead to development of an
effective subunit vaccine.

Sanaria was founded to overcome the perceived obstacles to
the development and commercialization of a metabolically active,

" non-replicating P. falciparum sporozoite (PfSPZ) vaccine. At the
outset it was thought that the chance of success was good for
several reasons.”

* The immunogen, radiation-treated PfSPZ, was already
identified and known to be highly protective in humans.

* Development of the vaccine was therefore not a molecular
biology and antigen discovery problem. Instead, manufacturing
a PfSPZ vaccine presented a completely novel set of challenges
involved with manufacturing a vaccine for the first time in mos-
quitoes, controlling all of the elements of the manufacturing pro-
cess, and developing unique assays to characterize the vaccine.

* Since a large, profitable traveler’s market for the vaccine
was anticipated, a potential mechanism existed for raising the
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estimated $0.5 to $1.0 billion required to develop, register and
deploy the vaccine to benefit the primary target population,
infants in sub-Saharan Africa.

Sanaria’s vaccine, Sanaria™ PfSPZ Vaccine, was first admin-
istered to volunteers in clinical trials in May 2009. Achieving
this milestone required several years of research, more than a
year of process development, establishment of the world’s first
manufacturing facility for a metabolically active, non-replicat-
ing (live but incapable of causing disease) malaria vaccine, man-
ufacturing in compliance with current Good Manufacturing
Practices (cGMPs), development and approval of a clinical pro-
tocol, and preparation and successful submission to the U.S.
Food and Drug Administration (FDA) of an investigational
new drug application (IND). The steps in the development of
the Sanaria™ PfSPZ Vaccine are described below. In addition,
plans are outlined for optimizing the process of reaching the
stage of submitring a successful Biologics License Application
(BLA) and launching the vaccine.

Development of the PfSPZ Vaccine

Research. When Sanaria was founded there were three major
questions that had to be addressed regarding a PfSPZ vaccine.”!
Could one (1) administerthevaccing-by a.route thatwas clini-
cilly appropriate; (2) produce adequaté quantities of the vac-
cine; and | (3/) manufactute a PFSPZ vaccine that met Fe/gu[;atory
and cost of goods requirements?
" _Administrition of the vaccine by a clinically appropriate route.
'One of the first Sanaria studies: addressed whether immu-
- nizdtion ﬁnd‘pmt&:tion’ “of ‘roderits“could be achieved when
radiation-attenuated P. yoelii sporozoites (IrrPySPZ) were
inoculated by the subcutaneous (SC) route. 100% protection
was achieved.” Subsequently it was found that protection could
also be achieved by administration through intradermal (ID),
and intramuscular (IM) routes. In addition, Sanaria scientists
have been able to demonstrate that 90%-100% of mice can
be protected by immunization with previously cryopreserved,
IrrPySPZ administered by the SC or ID route (unpublished).
These studies provide a foundation for determining the optimal
route of administration to humans in a clinical trial.

Producing adequate quantities of PfSPZ. It requires the bites of
greater than 1,000 irradiated, P. falciparum sporozoite-infected
mosquitoes to achieve high level protection in humans. Recent
data indicate that mosquitoes inoculate 100-300 sporozoites
in the dermis when they feed.?® If this is the case in humans,
this would mean that protected volunteers received 100,000
to 300,000 Pf sporozoites during these studies. In the P. yoe-
lii (Py) rodent malaria model system it requires immuniza-
tion with 2—4 times more cryopreserved, IrrPySPZ than fresh,
irradiated PySPZ, and 2—4 times more IrrPySPZ administered
intradermally chan intravenously to achieve similar levels of
protection. This could mean that it may take 4-16 times more
cryopreserved PfSPZ administered intradermally or subcutane-
ously than administered by mosquito bite to achieve the same
level of protection. Until the number of PfSPZs per dose and
the dosage regimen are finally established, it will be impossible

-
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clinical development pathway will be to test the safety and effi-
cacy of the Sanaria™ PfSPZ Vaccine in children at high risk of
malaria infection and disease. While evidence of efficacy against
_infection may be demonstrated by initial trials in semi-immune
adults, the pediatric trials will provide the critical proof of con-
cept that the Sanaria™ PfSPZ Vaccine prevents natural infection
and clinical malaria, establishing a powerful rationale for devel-
oping the vaccine as a licensed product to control and eventually
to help eliminate malaria. Moreover, these trials will demonstrate
whether the Sanaria™ PfSPZ Vaccine provides protective immune
responses against genetically diverse malaria parasites found in
nature, shaping the direction of the clinical development strat-
" egy. While there is evidence of heterologous protection from early
experimental challenge studies (reviewed in ref. 12), confirming
protection against genetically diverse parasites through natural
infection is a critical step in the early clinical development of the
Sanaria™ PfSPZ Vaccine. If, for example, the vaccine shows very
high efficacy in malaria-naive North American volunteers experi-
mentally challenged with the same strain as that used in the vac-
cine, but initial efficacy studies in African children demonstrate
- significantly lower efficacy, it will ‘be important-to assess.the
contribution, if any, of parasite genetic diversity to this reduced
efficacy.*? Understanding and overcoming any allelic restriction

1

strain atten atedSanarig™ PFSPZ,Vaccine, could emerge as 3

of vacgn?:‘ efficaey, pgssibly thropgh the development of amulti~  prior to lfgqnsure. -~

e et s . ——— ek S T —
leading Priority in the furcher dévelopment of this vaccine. If;

however, high efficacy, similar to that anticipated in homologous
challenges, is demonstratcd:?gains; diverse ,natur}l pargsitcs,’;hie
. clinical development plan can concentrate op optimizing dose
and delivery of the single stmi{ vacc%; and tiking/this‘f‘omﬁﬁa—
tion forward to licensure. It may also be possible that the vaccine
will show greater efficacy in African populations continuously
exposed to the bite of P. falciparum sporozoite-infected mosqui-
toes as compared to malaria naive North American adults, as it
is likely that even during the immunization process boosting of
vaccine-induced immunity by natural exposure to sporozoites
through the bite of infected mosquitoes will occur. Following
" initial proof of concept in the target population, a Phase 2 test-
ing program conducted in a variety of malaria-endemic settings
with different transmission intensities and seasonality will assess
impact of natural infection on the immunogenicity and efficacy
of the Sanaria™ PfSPZ Vaccine, as well as optimize the dosing
regimens and delivery systems.
Optimizing efficiency of manufacture and scale up. Based
on the results of multiple successful production campaigns under
" ¢cGMPs, which have manufactured Sanaria™ PfSPZ Vaccine for
the first clinical trials, Sanaria has identified specific opportuni-
ties for further optimization of its manufacturing process and
control assays. In the next two years the Sanaria team will be
conducting innovative research and development to establish and
finalize a more efficient, scaled-up, manufacturing process and set
of control assays necessary to take the Sanaria™ PfSPZ Vaccine
forward. To address this overarching goal, Sanaria will aim to
- reduce the quantity of blood products.and personnel necessary
for the production of gametocytes to feed to mosquitoes, increase
the efficiency of mosquito production, increase the numbers of

102

Human Vaccines

sporozoites produced in and harvested from infected mosquitoes,
and increase the size of vaccine lots. This increased efficiency will
be accompanied by scale-up of the entire manufacturing process.
An essential element of the work will be that the assays for in
process control, release and stability will be optimized and then
validated for subsequent production of Sanaria™ PfSPZ Vaccine.
Success in the next two years will leave Sanaria ideally placed
to design and construct a facility in which the Sanaria™ PfSPZ
Vaccine can be optimally manufactured for pivotal Phase 3 stud-
ies, licensure and commercial launch.

Optimizing and validating assays. Quality control of the
Sanaria™ PfSPZ Vaccine. Assays used for release and stability
of the Sanaria™ PfSPZ Vaccine are required to demonstrate
that the vaccine is free of contaminating pathogens (asepric),
free of contaminating mosquito material (pure), unable to cause
malaria in recipients (non-replicating), and capable of inducing
a protective immune response in recipients (potent). Assays that
demonstrate the vaccine is free of microbial contaminants are
harmonized compendial methods. However, assays for purity,
attenuation (non-replicating), and potency of the Sanaria™
PfSPZ Vaccine are unique. Sanaria scientists have developed
assays that have been adequate for an IND, but plan to improve
the performance characteristics of these assays and validate them
S e

u";gredic'tt.'d/na of vaccine fﬁfmq inan iﬁ:i/ivi?’u@l. Igvill;b‘/é impor-
tant to develop and validate one or more immunological assays
that predict protective immunity following vaccination. Based

“on_animal studies, the protective immunity engendered by

. .7, i o« e . .
: immunization with radiation-attenuated sporozoites is thought

! to-be mediated primarily by T celts that recognize and eliminate

parasite-infected hepatocytes, and secondarily by antibodies
against sporozoites that prevent hepatocyte invasion and normal
parasite development.®-** Work is underway in-house as well as
in collaboration with the Naval Medical Research Center and
the Vaccine Research Center at NIAID to develop an assay that,
at a minimum indicates that an individual is protected and will
ideally be based on the mechanism of protective immunity.
Minimizing number of doses and total dosage of PfSPZ
required to induce greater than 90% protection. All available
data indicate that greater than 90% protection against P. falci-
parum infection in humans can be achieved by immunization
with radiation-attenuated P. falciparum sporozoites, if adequate
numbers of doses of adequate numbers of sporozoites are admin-
istered. However, the number of PfSPZ per dose and the dos-
age regimen, including number and spacing of doses, remain to
be established. In studies of volunteers immunized by the bite
of irradiated, P. falciparum sporozoite infected mosquitoes, all
protected volunteers received at least five primary immunizing
biting sessions, some received as many as 19 primary immuniza-
tions and the median number was between 9 and 10 immunizing
biting sessions.'? Improvements in the method of administration
or an increase in potency of a Sanaria™ PfSPZ Vaccine should
be able to reduce the number of doses of PfSPZ and the number
of PfSPZ per dose and therefore the cost of administering the
vaccine and the cost of producing a dosage regimen. For this
reason Sanaria scientists are working on optimizing the methods
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of administration of metabolically active, non-replicating sporo-
zoites and increasing the potency of individual doses of PfSPZ.
Route and method of administration. The Sanaria™ PfSPZ
Vaccine differs from most, if not all, attenuated viral and bac-
terial vaccines, in that the sporozoites are non-replicating.
" Attenuated viral and bacterial vaccines are either fully replicative,
but attenuated with regard to virulence, or replication deficient.
Thus, it cannot be assumed that this non-replicating vaccine can
be administered like other attenuated vaccines. Furthermore, we
know that at least twice as many cryopreserved irradiated PySPZ
administered to mice by needle and syringe by the ID, SC or IM
routes are required to achieve 90%-100% protection compared
to irradiated PySPZ administered by the intravenous (IV) route,
-and more doses of sporozoites are required to achieve the same
level of protection. Furthermore, varying the anatomical site
where ID or SC immunizations are made has a significant impact
on immunogenicity and protective efficacy of irradiated sporo-
zoites in animal models. Sanaria’s goal is to develop a method of
vaccine administration that induces immune responses and pro-
tective immunity comparable to that achieved by IV administra-
tion of metabolically active, non-replicating sporozoites. To this
.end, Sanaria is working in animal models to identify approaches
that achieve this goal and has also established collaborations
with a(;dmber.of royps to_determine whethepadmmis[tra;ioh of
sporozoites pj

specific devices can yxhance imfaunogenicity and—~

o — . T A N e T
protective efficacy. Ultimately, an optimized method of vaccine

administration for humans can only be identified and established
in clinical trials. - ~ L
Potency of metabolically actiye, "nor_t-replgatingr sporozoites. IV
administration of three doscrﬁflgusta’? 5-750 (rotatdose= 1,125=
12,250 irtPySPZ) freshly dissected, irrPySPZ protects 90%—
100% of mice against challenge with fully infectious PySPZ.%
The same level of protection is achieved with IV administration
of three doses of 1,500 (total dosage = 4,500 irrPySPZ) purified,
cryopreserved IrfPySPZ (unpublished). The dosage of attenu-
ated IrtPySPZ required to achieve complete protection even
when cryopreserved is therefore quite low (4,500 total sporozo-
ites). Nonetheless, it requires immunization with 2—4 times as
“ many purified, cryopreserved IrtPySPZ to achieve 90%-100%
protection as it does with purified, fresh irrPySPZ. This means
that the cryopreservation process for P. yoelii sporozoites can be
improved, and Sanaria scientists are working to improve the cry-
opreservation process for PySPZ to produce sporozoites that are
more potent.
Another approach to improving immunogenicity and protec-
tive efficacy of the sporozoite vaccine might be to include an adju-
.vant in the formulation. In general, adjuvants are used to enhance
immune responses to “dead” vaccines, not live attenuated whole
infectious agent vaccines. This is in part because adjuvants like
aluminum hydroxide, which is essentially the only adjuvant used
for licensed vaccines in the USA, MF59, which is licensed in
Europe, and adjuvants like the ASO series of adjuvants used with
GlaxoSmithKline Biological’s candidate PFCSP malaria vaccine
immunogen, RTS,S, would be likely to reduce the capacity of live
_attenuated vaccines to invade host cells and induce the immune
responses required for protection. Importantly, a precedent exists

www.landesbioscience.com
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for the use of an adjuvant to enhance protection conferred by
radiation-attenuated sporozoites. The marine sponge-derived
glycolipid, o-galactosylceramide (o-GalCer), a ligand for
Natural Killer T (NKT) cells, induces robust cytokine produc-
tion by NKT cells, including IFNY, and also results in bystander
activation of T cells, dendritic cells, and B cells. In 2002, Tsuji
and colleagues reported that the use of a-GalCer in conjunction
with a suboptimal dose of IrrPySPZ increased protective efficacy
of IrrPySPZ by more than 4.5-fold as compared to a sub-optimal
dosage regimen of irrPySPZ (from 20% to 93%).7” Sanaria sci-
entists are conducting in-house research and collaborating with
other institutions to determine whether adjuvants can be used to
enhance the protective efficacy of sporozoite vaccines.

Optimizing the logistics for delivery in the field. There
are multiple potential primary markets in sub-Saharan Africa
for a Sanaria™ PfSPZ Vaccine. These include: (1) the 25 mil-
lion infants born annually (prevention of severe morbidity and
mortality in infants and children), (2) the 7.5-10 million girls
that reach adolescence annually (prevention of complications of
malaria in pregnancy and neonatal and infant mortality due to
malaria-caused low birth weight), (3) older children, adolescents
and adults who will become increasingly at risk of severe disease
as transmission intensity is reduced by ongoing control measures,
(4)-travelers from non-endemic-to endemic regions-within Africa,
and (5) large portions of the entire 800 million populatiofi of sub-
Saharan K%gf; §hod|{m3§ immunization ﬁro'gF:'a% be Tnstituted
to eliminate P. falciparum from defined geographic areas.

-A high proportion of newborns in many areas are already
immunized with other vaccines-within the EPI. However, the
othér groups are nof currentlyteactied‘with high coverage by any
vaccination program. The Sanaria™ PfSPZ Vaccine is currently
cryopreserved, stored and distributed in liquid nitrogen vapor
phase (LNVP). Delivery of a vaccine in LNVP has significant
potential advantages over delivery methods that use cold chains
of -20°C (for example, the varicella and live attenuated flu vac-
cines) or 2-8°C (most EPI vaccines). These advantages include
elimination of specialized and time-sensitive packaging, the need
for refrigerated vehicles, and the need for electricity during deliv-
ery and at delivery sites and a significancly longer stability of the
vaccine without loss of potency. Independence from conventional
refrigerators and freezers and the use of LNVP dry shipper con-
tainers, which perform double duty as both the shipping/trans-
portation containers and as mobile storage units for vaccine while
it is being administered, provides a level of flexibility, efficiency
and cost saving in vaccine distribution not possible with conven-
tional cold chains.

An extensive network of manufacturers and suppliers of lig-
uid nitrogen is well established in sub-Saharan Africaand LNVP
transportation is used routinely for biological sample collec-
tion, blood storage and transfusion, and artificial insemination.
Moreover, a number of live attenuated veterinary vaccines are
maintained and distributed in LNVP or liquid nitrogen, includ-
ing the live, whole organism Theileria parva sporozoite vaccine,
which is used to protect cattle against the tick-borne apicompl-
exan parasite that causes East Coast Fever. This vaccine has been
successfully used in a country-wide campaign in Tanzania %
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Experimental human dendritic cell and anticancer vaccines are
also cryopreserved in LNVP, but the Sanaria™ PfSPZ Vaccine
would be the first licensed human live anti-infectious agent vac-
cine cryopreserved in LNVP.3052
Forimmunizing infants, distribution of cryopreserved Sanaria™
PfSPZ Vaccine would ideally be done in a way that is complimen-
-tary to the EPI program. Integration with EPI vaccines will be
facilitated if malaria-endemic country EPI programs shift to the
more efficient hub and spoke, privatized vaccine delivery system
that has recently been adopted in the United States and Thailand.
For immunization of early adolescent females and the rest of the
population on an ongoing basis, and for mass immunization of all
age groups in defined geographic areas, target groups for which
there is no established vaccine delivery infrastructure, a LNVP
. delivery system has major potential advantages over delivery of 2
vaccine that requires a cold chain dependent on electricity. We have
already performed a pilot demonstration of the effectiveness of a
LNVP cold chain by shipping the Sanaria™ PfSPZ Vaccine from
the U.S,, in collaboration with the Noguchi Memorial Institute
for Medical Research, to the Navrongo Health Research Centre in
northern Ghana and back (a distance of over 14,000 miles) with
no loss of potency. In the coming years we will be working with
national governments, internarional organizations, and private sec-

~ " tor col panies wensu,te thas a highly protective Sanaria™ PfSPZ-

Vaccine - cry,
vidual who neei'[s_ it.

Thermostabilization of Sanaria™ PfSPZ Vaccines. Despite the
potential advantages of a vacCine stablhzanon and {dethy system
based on LNVP, and the posls:?uy that vaccmes and other biolog-
icals may in the future be delivéred i wAfrica by theub and spoke
delivery system that we advocate for delivery of a vaccine in LNVP,

" it is prudent to investigate alternative methods of stabilization that
would allow for delivery of the Sanaria™ PfSPZ Vaccine in the
system and cold chain already established by the EPI for delivery
to African infants. This means stabilization of a Sanaria™ PfSPZ
Vaccine, minimally at -20°C (temperature of a standard freezer),
more optimally at 2-8°C (temperature of a standard refrigerator),
and eventually at ambient temperature. Because of the potential
importance of and difficulty in thermostabilization of the Vaccine

. Final Product (VFP), this goal is being pursued through in-house
research and extensive external collaborations.

Sanaria has collaborated to develop high throughput screen-
ing methods, and is now working to optimize those methods.
Thermostabilization of a number of viral and bacterial vaccines
by lyophilization is possible, but no vaccines composed of live
eukaryotic cells, such as P. falciparum sporozoites, are thermosta-
bilized by any method other than by cryopreservation. Routine

lyophilization of eukaryotic cells has been limited to platelets and
mammalian erythrocytes which are anucleate and which retain
only a proportion of their activity following reconstitution. One
of the challenges of lyophilization is achieving the presence inside
the cell, at relatively high concentrations, of lyoprotective agents
(LPAs), usually sugars, and removal of almost all cellular water.

In addition to an in-house program on lyophilization, Sanaria
is working with partners to explore other approaches. These
include lyophilization, foam drying,” spray drying,* and ambient

esefved i | iny LNV LNVP ¢ can be deliveted to cvery mdy

et o o

= cant, improve]

dessication.’® Foam drying is essentially lyophilization by boiling
the product at a temperature just above the freezing point of the
suspending medium in a partial vacuum. Spray drying involves the
use of protective compound(s) introduced at relatively high con-
centrations into a liquid formulation surrounding the cells and the
removal of most cellular water. The presence of internal LPAs may
also be necessary. Water removal occurs extremely rapidly during
brief exposure of cells to a jet of high temperature nitrogen gas.
The process of ambient desiccartion utilizes high concentrations of
LPA-type compounds and low relative humidity to produce a dried
product over a period of a few hours.

It is anticipated that during the next few years one or more of
these approaches to thermostabilization of VFP will be optimized
and fully characterized. Based on the experience with viral and
bacterial vaccines, it is unlikely that a Sanaria™ PfSPZ Vaccine
thermostabilized by one of the approaches under development
will have the long-term stability or potency of a Sanaria™ PfSPZ
Vaccine cyropreserved in LNVP. This means that the total num-
ber of PfSPZ required to achieve the same level of protection will
likely be significantly greater than when PfSPZ are stabilized in
LNVP. Thus, when such an approach has been optimized and
characterized, a decision will have to be made regarding whether to
move from the Sanaria™ PfSPZ Vaccine cryopreserved in LNVP
to-ene thermostablhzcd by-one-of these other metheds<If signifi-

ents ¢ b:e‘énade in the‘“fﬁcnency of manufacture
and scale up of the 'SZ:ana ™ PFSPZ Vaccine, and the numbers of
PfSPZ per dose and the numbers of doses of PSPZ can be reduced,
it will be easjef to make the transition to a form of thermostabiliza-

: tion that requlres more sporozoites-per dose to achieve high level

-
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Comparative assessment of safety and efficacy of PfSPZ atten-
uated by irradiation, gene deletion or chemical exposure. The
development of the radiation-attenuated Sanaria™ PfSPZ Vaccine
is based on observations first made in mice.® These studies led to
the demonstration that exposure of human volunteers to the bite of
mosquitoes carrying radiation-attenuated PfSPZ protected humans
against challenge with infectious PfSPZ.'"? It has now been dem-
onstrated that immunization of mice with genetically attenuated
P. berghei or P. yoelii rodent malaria sporozoites,” % and with chem-
ically attenuated P. berghei sporozoites®®” protects mice against
challenge with infectious sporozoites. Genetically altered (knock
out) P. falciparum parasites that give rise to attenuarted sporozo-
ites have been engineered by teams including scientists from the
Radboud University Nijmegen Medical Centre, the University of
Leiden, and Sanaria,* and from the Seattle Biomedical Research
Institute (SBRI) and the Walter and Eliza Hall Institute.5®¢° It
is anticipated that by the end of 2010 a study to be carried out
as a collaboration between SBRI and the U.S. Military Malaria
Vaccine Program will be completed to determine if exposure of vol-
unteers to the bites of mosquitoes carrying genetically attenuated
P. falciparum sporozoites is safe and protective. The manufactur-
ing process for PfSPZ is likely to be identical regardless of whether
the sporozoites are attenuated by irradiating, knocking out genes,
or treating with chemicals. While we currently have human dara
only for radiation-attenuated PfSPZ, and have only manufactured
under cGMPs a radiation-treated Sanaria™ PfSPZ Vaccine, during

p
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the next few years we intend to generate comparative dara that will
enable us to begin to determine whether generically or chemically
attenuated PfSPZ offer any advantages over radiation-attenuated
. PfSPZ with respect to safety, manufacturing processes, protective
efficacy, or cost. '
Radiation-attenuated PfSPZ are non-replicating, as are the first
generation genetically attenuated sporozoites that will be assessed
in humans.”? They stop development at the early liver stage. It is
now possible to produce genetically altered parasites that develop
to, (1) later liver stages and then stop development before achieving
maturity (replication deficient at the liver stages), or mature liver
stages that produce infectious merozoites that arrest in erythro-
" cytes (replication competent at the liver stage, but non-replicating
at the disease causing erythrocytic stage). As compared to the non-
replicating, radiation attenuated and first generation genetically
attenuated sporozoites, these replication deficient and replication
competent parasites will definitely produce more parasite material
in an immunized individual (in essence an increase in dose) and
will produce antigens not expressed by the non-replicating parasites
(wider range of targets of protective immune responses). Thus, it
- is possible that genetically altered, replication deficient or replica-
tion competent (at the liver stage) parasites could induce protective
immune responses at a lower dose (numbers of sporozoites) to a
wider &rray of target aptigens thap-a non-rephcatmg paraslge - This-
will need-to e lm/estlggd !

—— e s J —d

Summary
- A vaccine that provides sterilizin mty agamst infection v/vxth
P. falciparum will prevent infeCtion;fnalaria diseas€ and parasire
transmission. This type of vaccine would be ideal for reducing
P. falciparum malaria-associated morbidity and mortality when
administered to infants and children, adolescent gitls prior to preg-
nancy and other at risk groups, and eliminating P. falciparum from
defined geographic areas when administered to all age groups in a
mass administration campaign. Rodent and human data indicate
that the best current candidate immunogen for such a vaccine is
metabolically active, non-replicating PFSPZ. Developing a vactine
based on attenuated PfSPZ was not previously pursued, because it
was inconceivable to scientists in the field that a vaccine based on
PfSPZ could be manufactured and released in compliance with

c¢GMPs. The Sanaria™ PfSPZ Vaccine has now been manufac-
tured and released, cleared for testing in clinical trials by the FDA,
and has entered into Phase 1 clinical testing. Herein we have out
lined how the Sanaria™ PfSPZ Vaccine arrived at this stage of
development, current challenges, and how we anticipate moving an
attenuated Sanaria™ PfSPZ Vaccine forward to licensure, commer-
cialization and deployment.
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