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Key Messages:

® The successful development of a dengue vaccine will lead
to the requirement for the establishment of sufficient

production capacity to meet large projected needs.

® Producers in industrialized countries are likely to play a
lead role in supply of dengue vaccines, but recently the
proportion of vaccine supplied by developing countries

producers has risen dramatically.

® Vaccine producers in developing countries have a number
of capabilities and recently have been engaged in vaccine
development from preclinical studies to licensure.

® Progress in dengue vaccine development has been prom-
ising and developing country manufacturers are actively
involved, especially in Brazil, India and Vietnam.

® Development of a dengue vaccine faces many challenges
including the need to be effective against the four dengue

serotypes, i.e. it must be tetravalent.

® Developers may abandon or find obstacles in dengue
vaccine development because of changed priorities, need
to develop costly dengue-specific capabilities such as in
diagnostics, lack of reliable demand projections, and
obtaining purchase and delivery commitments.

® To overcome these obstacles there is a need for increased
financial resources, for support to build up scientific and
technical capability in developing country manufacturers,
to increase human and logistical resources for manufac-
ture,

® The manufacture of dengue vaccine by either industrial-
ized or developing country manufacturers should be a
part of a global access strategy created and executed by
a diverse set of global partners.

® Developing country manufacturers will be an important
component in ensuring the availability of safe, effective,

and affordable dengue vaccines.
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Ultimately, the elimination of dengue virus-related morbidity
and mortality will depend on the development and delivery of
safe and effective vaccines that prevent infection from all four
dengue virus serotypes. Following successful development of
such a product, the next step for a successful dengue control
program will be large-scale vaccine manufacture. Meeting the
huge projected public- and private-sector demand® for a new
dengue vaccine will be challenging. Indeed, the effort and
technical complexity required for manufacturers to move pro-
duction from the small clinical research scale to world-wide
commercial scale will be considerable. Historically, there have
been immense delays in accomplishing this important step in
disease control programs. For example, the time from when a
vaccine is first licensed in a industrialized country to the time
the majority of those in need in the developing world have ac-
cess to the vaccine can be as long as 20-30 years®>3. Scale-up
of manufacture is only one factor causing this delay, but it can
be an important factor as witnessed by the limitations in sup-
ply of the seven-valent pneumococcal conjugate vaccine from
Wyeth*. For dengue, several factors point to the real possibil-
ity of helping to speed up the progression of the vaccine from
research mode to large-scale manufacture and into public im-
munization programs, or ‘from bench-to- community’, by en-
couraging manufacture in both industrialized and developing

countries.
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Background

Industrialized world producers: There
are relatively few global producers of vac-
cines in the industrialized world. These
producers have traditionally carried out the
bulk of the development of new vaccines
and have supplied both industrialized and
developing country markets. These com-
panies have evolved from national, and in
some cases state-owned, companies into
multinational

pharmaceutical conglomer-

ates. They are fully integrated, highly-
capitalized firms with extensive marketing
and distribution networks®. Their products
account for the majority of the revenue
and profits in the vaccine industry. These
large multinational companies accounted
for only 43 percent of the vaccine doses
supplied to the GAVI Alliance in 2008°.

Developing country producers: In the
past two decades, developing country vac-
cine producers have dramatically increased
the capacity, quality, and distribution of
their vaccines. Previously, the vaccines
produced in the developing world tended
to be older, out-of-patent and often mono-
valent products which lent themselves to
production in large volume, at significantly
lower cost than newer, multivalent vac-
cines. More recently, a handful of devel-
oping country vaccine producers, particu-
larly in India, Brazil, Indonesia and Viet-
nam, have begun developing new vac-
cines. They have evolved from non-good
manufacturing practice (GMP) compliant
companies with little or no capacity for

development of new vaccines to large-

scale producers of high-quality vaccines in

modern plants with highly-qualified scien-
tific and technical personnel’.

Increasingly, some of these companies
have now taken on research and develop-
ment (R&D) for the next generation of
vaccines. They expect to develop, and are
prepared to produce, new vaccines from
initial research through to final product.
This change has resulted from several in-
tersecting forces:

1) Increased money available to the vac-
cine market from the GAVI Alliance,

2) Recognition by the companies of the
importance of having a strong R&D pipe-
line,

3) Increased competence (and confidence)
in process development

4) Ability to access new technologies®

It is clear that vaccines for the world’s an-
nual birth cohort of over 150 million will
increasingly be produced in the countries
that use the greatest proportion of the
global vaccine supply® Because manufac-
turers in these countries are producing
high quality-low cost vaccines for a variety
of diseases, the competitive environment
is changing. These new entries into the
market of modern vaccines will clearly
change the competitive playing field for
developing country vaccines. It is logical
and necessary for international organiza-
tions to encourage, assist and support vac-
cine production in developing countries in
order to share the development challenges
and risks of new and improved vaccines

including dengue vaccines.




Progress towards dengue vaccines

Occasional Paper 5

Recently, the increased appreciation of the
immense epidemiological impact of dengue
virus infection and the availability of fund-
ing from sources such as the Bill & Melinda
Gates Foundation have led to greater prior-
ity for the development of safe and effective
dengue vaccines. This appreciation, linked
to a better understanding of dengue virus
immunity and the progress in virological
genetic manipulation of vaccine candidate
strains, has markedly improved the pros-
pects of actually developing and delivering
effective vaccines in the future'®. The bet-
ter understanding of the importance of den-
gue coupled with scientific advances have
encouraged companies capable of develop-
ing dengue vaccines, both in industrialized
and developing countries to invest increas-
ing resources towards dengue vaccine R&D.
Moreover, public health experts, govern-
ment-funded vaccine research and not-for-
profit vaccine development organizations
have increasingly joined forces to maximize
the chances of both developing and fielding

a preventive dengue vaccine.
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In recent years, there have been increasing
collaborative efforts between industrialized
country institutions and developing country
vaccine developers. This is taking place not
only in the area of field study of vaccine effi-
cacy using European- and North American-
developed products, but importantly, in the
arena of vaccine development itself. Vaccine
companies in Brazil, India and Vietnam have
taken on large projects of bench-to-field den-
gue vaccine development (Table 1). These
companies, with state-of-the-art facilities,
appear to have the potential to successfully

bring these products forward.

Yet there are challenges ahead in these
largely uncharted waters. The most recently
licensed products from these companies have
been those, like hepatitis B vaccine, that
have had well traversed development path-
ways. With these vaccines, the producer’s
primary activity has been duplicating previ-
ously developed production pathways. But
developing an effective vaccine for dengue is

different. Besides the general challenges
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associated with developing any new vac-
cine, there are dengue-specific issues that
make such development even more chal-
lenging. First, a dengue vaccine must be
able to protect against all four circulating
virus serotypes (DEN 1-4). This is be-
cause it is not possible to predict which of
the four viruses may circulate at any one
time, and all four viruses are endemic in
several countries. Also, the antibodies
induced by vaccine against only one sero-
type are postulated to potentially cause
more severe disease when a secondary or
tertiary live virus infection occurs with a
heterologous virus. Thus, the vaccine has
to be tetravalent and should induce long-
lasting protective antibodies to all four se-
rotypes. Development of immunogenic
monovalent live attenuated dengue vac-
cines has been accomplished. But formu-
lating them into a tetravalent vaccine may
result in interference between the compo-
nents of the tetravalent vaccine resulting
in failure to elicit tetravalent seroconver-
sion and protection. To achieve optimum
immunogenicity of the tetravalent vaccine,
extensive formulation studies will likely be
required. In addition, there is no reliable
animal model which mirrors the clinical
syndrome of the dengue virus infection of
humans (although some recent important
progress has been achieved'!), and corre-
lates of protection are not yet clearly de-
fined. As a result, extensive human clini-
cal testing and long term follow-up will be

required to evaluate the immune re-

sponses and safety of tetravalent vaccines.

The development of safe and effective
dengue vaccines by developing country
producers will take time and substantial
resources. Independent, expert assess-
ment of these companies has been con-
ducted by Global Solutions for Infectious
Diseases under contract to the Pediatric
Dengue Vaccine Initiative (PDVI), and it
has been concluded that the probability of
technical success is high. Yet, there is the
need for ongoing technical, operational,
and regulatory assistance to ensure that
the development goes smoothly and ob-
stacles are overcome as they are encoun-

tered.

The estimated at-risk population for den-
gue is 3.6 billion people’?, and thus the
estimated demand for safe and effective
dengue vaccine is large’. To help assure a
sustainable and sufficient supply of dengue
vaccine, it is important to have a number
of manufacturers. Having candidate vac-
cines in development from European,
American, Brazilian and Indian companies
will both increase the chances of success
and ensure the availability of production
capacity to produce and supply these

products to regions of high endemicity.

There are other reasons to encourage mul-
tiple manufacturers. Despite strong tech-
nical capabilities among the several com-
panies in both industrialized and develop-
ing countries developing dengue vaccines,
there is no guarantee that any will succeed

in bringing a product to market. Indeed,




there is a good likelihood that some will fall
by the wayside because of lack of either
efficacy or safety. Moreover, some prod-
ucts, although proven to be effective, may
initially be priced at a level that would make
it difficult for many developing countries to

purchase.

Financial analysis has shown that substan-
tial investments are needed from the inter-
national donor community in order to re-
duce the time lag between availability of
vaccines in industrialized countries and their

availability in developing countries.
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Moreover, such investments help to stimulate
R&D of new vaccines such as those for den-

3 In most of the developing world, the

gue
limitations to delivery of a new vaccine in-
clude insufficient delivery infrastructure, and

lack of capacity among vaccine producers to

meet demand. Here, the most important

limitation may be the inability of govern-

ments to finance the purchase of new vac-

cines. Analysis of the introduction of new

vaccines such as hepatitis B has shown that

it “is economics and not epidemiology which

dictates introduction of the vaccine into na-

tional immunization programs”*.

Developer Manufacturer  Approach Formulation Trial
Sponsor Status
Walter Reed Army GlaxoSmithKline Cell culture passage of clinical Tetravalent Phase 2,
Institute of Research isolates adults and
(WRAIR) children
Walter Reed Army GlaxoSmithKline Purified inactivated vaccine Tetravalent Preclinical
Institute of Research and Oswaldo
(WRAIR) Cruz Institute
Acambis (now owned sanofi pasteur Chimeric infectious clones. Tetravalent Phase 3,
by sanofi pasteur) Yellow fever vaccine virus children
(nonstructural) + dengue en-
velope & preM genes
U.S. National Insti- Panacea Biotech Chimeric infectious clones. Tetravalent Phase 1,
tutes of Health (NIH) Dengue-4 D-30 virus (non- adults
structural) + dengue envelope
Biological E & preM genes. Attenuated D30
Tollgjgieet dengue-4 virus
Butantan
Vabiotech
U.S. Centers for Dis- Inviragen Chimeric infectious clones. Tetravalent Phase 1

ease Control and
Prevention (CDC)
genes

Hawaii Biotech

Table 1: Dengue Vaccine Candidates
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Dengue-2 virus (nonstructural)
+ dengue envelope & preM

Merck Vaccine Recombinant envelope subunit Monovalent Phase 1
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Challenges, and opportunities to
address the challenges

There are a number of significant chal-
lenges facing developers of dengue and
other new vaccines. Some of the more
important challenges are commitment of
industrial partners, specific challenges
faced by developing country producers,
translational clinical research, establishing
reliable demand projections and obtaining

early purchase and delivery commitments.

1) Commitment of industrial partners.
Despite the involvement of several compa-
nies developing dengue vaccine candi-
dates, there is always concern that some
or all will drop out. Some of the compa-
nies could face technical or scientific chal-
lenges that limit either production capabil-
ity or effectiveness of their products. Oth-
ers may face internal competition with ex-
ecutives estimating that competing pipe-

line products could be more profitable. In

the end, there is the possibility none of the

current candidates may prove safe and

effective sending the entire field back to
the research laboratories for further devel-

opment.

Here, the public sector, including interna-
tional organizations, has much to contrib-
ute. Product development partnerships
(PDPs) in particular can play crucial roles
by reducing risk and providing small-scale

but critical funding.

2) Specific developing country manu-
facturing challenges. Unlike other prod-
ucts that developing country manufactur-
ers have focused on in the past, most den-
gue vaccine candidate products are rela-
tively early in the development process. As
state-of-the-art

a result, laboratory,

manufacturing and clinical development
efforts will be required, not to mention
clinical research and regulatory approval
by national regulatory authorities. To suc-

ceed in the high-risk arena of vaccine




development companies, depending on
their previous experience, may require spe-
cific types of technical and financial assis-
tance to navigate the various aspects of

early stage development.

The public sector can help address these
challenges. First, they can help offset vac-
cine development costs by bridging the
translational research gap between basic
research and clinical development. Here,
progress can be accelerated by mobilizing
expertise in areas such as clinical trial de-
sign, regulatory affairs and diagnostics®®
Second, the public sector can assist in as-
suring that there is a large market, includ-
ing tangible commitment from national pol-
icy makers and international partners to
purchase safe and effective products®®.
Third, they can assist the companies in ar-
ranging for and financially supporting clini-
cal trials. Fourth, they can assist compa-
nies in Brazil, India and Vietham to con-
struct state-of-the-art product development
plans and production facilities that will in-
crease the chance of meeting international
standards and, therefore, being able to ex-

port to international markets*’.

3) Establishing reliable demand projec-
tions. Vaccine producers need sound de-
mand projections if they are to build facili-
ties of appropriate scale and thus obtain
production efficiency. The PDVI has com-
pleted a preliminary projection of dengue
vaccine demand in selected developing

countries®. This study shows that potential

-k,
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demand in the first five years following vac- :
cine licensure could easily accumulate to
more than 500 million doses. Further analy-
sis of these projections is warranted to ac-

count for realistic likelihood of the pace of :

vaccine adoption by individual countries and

the rate at which each country might intro-

duce the vaccine.

4) Obtaining early purchase and delivery
commitments. As solid safety, efficacy and
cost data for dengue vaccines become avail-
able it will be important to mobilize funds
and make purchase commitments to vaccine
producers. The GAVI Alliance has taken a
lead in this matter by formally considering
the inclusion of dengue vaccine in its portfo-
lio once a vaccine is licensed. PDVI will work
with the GAVI Alliance, individual developing
countries, WHO, and others through the Den-

gue Prevention Boards in Asia-Pacific and the

Americas, to plan for procurement.

Clearly there is a need for a robust and inno-
vative international financing mechanism
that can support the investment decisions
required of vaccine producers to put produc-

tion facilities into place well in advance of :

actual product sales. One such mechanism

that is being tested by the GAVI Alliance is :
advance market commitments (AMC)*®. Oth-
ers, such as a vaccine procurement baseline

(VPB), have been proposed'®. Regardless of :

what systems are eventually settled upon,

concerted public effort is required on the part

of donors to support the production and de-

livery of needed vaccines.

PDVI




PDVI

Occasional Paper 5

Resources needed

The types of resources necessary to bring
viable vaccine candidates through produc-

tion and to the market following successful

clinical trials can be broken down as fol-
lows: financial, scientific and technical,

human and logistical.

1) Financial resources. The cost to bring
a new vaccine to market has risen dra-
matically in the past two decades, some

have estimated by as much as 10 fold into

the hundreds of millions of dollars®. But

i there is a vast difference in the estimated

costs of vaccine development depending

on how many countries a company plans

to market their product. Companies that

plan to produce vaccines that address pub-
lic and private markets in a wide variety of
countries can be expected to incur greater
costs in multiple-country trials and product

registrations. In contrast, manufacturers,

that plan to target only the public sector in

a limited geographic area, may be able to
complete high-standard development at

considerably less expense®3.

i) Scientific and technical resources

for vaccine manufacture. The intellec-

tual property underlying the current set of

dengue vaccine candidates comes largely

§from research institutes and public

sources. The value of this property is an
essential component that enables each
company to mobilize funds to actually

bring the vaccine through the expensive

development process?’. There is also a
great deal of valuable know-how that
emerges as each company transforms
their core technologies into actual prod-
ucts. Unlike the manufacture of drug com-
pounds, which can be reproduced in ge-
neric manufacture, vaccines can never be
produced as ‘generic’ products. This is
because vaccines are complex biological
products and not small-molecule chemi-

cals®.

Technical resources available to the three
multinational firms currently developing
dengue vaccines are probably adequate to
bring their vaccine candidates from their
current state of development through large
-scale manufacture and on to licensure
assuming they demonstrate satisfactory
safety and efficacy. This cannot be said of
the developing country producers, few of
whom have ever taken a vaccine all the
way from early development to delivery.
However, with the extensive experience in
production of quality vaccines that all of
these firms have already demonstrated, it
is very likely that the remaining technical
gaps can be filled by external technical
assistance. With such assistance, the like-

lihood of success is considerably improved.

ii) Human and logistical resources.
The ability to manufacture quality vaccines
in significant quantities by each of the

companies currently developing dengue

. | I




vaccines is well established al- vaccines will have to be scale-up
though not all have achieved from pilot production of trial-size
WHO prequalification. All have the  batches to full-scale manufacture.
human resources necessary for Fortunately, such assistance is
quality-controlled, high volume available to those who may re-
production and packaging of effi- quire it in the form of consultan-
cacious vaccines. However, it is cies, recruitment of qualified indi-
likely that additional assistance viduals and experienced institu-
will be required in that crucial tions that can be called upon to

stage where these new candidate assist in areas of identified need.
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Summary

If one or more of the current dengue vaccine
candidates proves to be safe and effective,
there will be an immense public health im-
perative to rapidly produce and deliver the
vaccine to millions of at risk children and
adults, many of whom will have few financial
resources. An essential first step in ensuring
adequate production capacity is the estab-
lishment of a global access strategy. That
strategy must take into account all of the
scientific, technical, intellectual property and
resource needs of each of the companies
that will produce the vaccine. To be suc-
cessful, such a strategy must deliver innova-
tive solutions to the obstacles that each
manufacturer may face. Possibly the best
hope for creating such a global approach will
be through existing PDPs such as PDVI.
PDVI and other PDPs have been established
through the support of the Bill & Melinda
Gates Foundation and other donors to ad-
dress the universe of issues facing the intro-

duction of new vaccines®® 23,

-

In this review we have attempted to iden-

tify the capacities, weaknesses and needs :
of dengue vaccine producers both in the

industrialized and developing countries. We

have a great deal of confidence in the cur-

rent set of producers from both the public

and private sectors to complete and deliver :

adequate supplies of dengue vaccine should

one or more of their products prove safe :

and effective. Particular challenges will be :

faced by developing country producers in

scale-up and transition from laboratory-

scale to full production of vaccines that :

meet or exceed all regulatory requirements.

Resource needs will be considerable, and

gaps that may need to be filled are ex-

pected, especially for post-licensure trials.
Looking ahead, the technical and human

resources needs of these companies will

have to be carefully and realistically as-

sessed and filled, sometimes with external
sources of expertise, so as to achieve sus-

tainable production of quality products.
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