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l. INTRODUCTION

The purpose of this paper isto describe the supply side of vaccine markets, attempt
to explain factors that generate this structure such as economies of scale, regulatory and
pricing policies, and financial conditions, and how these factors impact the existence of
shortages and supply interruptions in these markets. The paper should be thought of as a
traditional industrial organization approach to these markets. One critical and important
caveat must be made up front. The normal process of the industrial organization approach
would be initially to describe the structure of the markets as we do and for which we have
reasonable data sources. The next step would be to construct hypotheses generated from
economic theories and then conduct empirical estimation and analysisto test the validity of
these hypotheses. While we can construct hypotheses, we do not have datato conduct
formal econometric analysis. Therefore, much of our analysis beyond the descriptive
aspects of the markets is based on antidotal evidence and speculation. On some issuesthis
evidence is very strong and we are quite confident. On others we must resort to
speculation in which case our use of qualifiers must be taken seriously.

Worldwide production of vaccines is arelatively small market when compared to
pharmaceuticals. Vaccines (sometimes referred to as biologics) represent approximately
US$6 billion per year. Thisisonly two percent of the worldwide pharmaceutical market.
This may be an important factor in explaining why many producers of vaccines have exited

from these markets only to enter the much larger pharmaceutical markets. Of course,



while the market size may not be overwhelming, the successful history of vaccines
includes eradication of diseases that have claimed millions of human lives. Benefit cost
ratios for vaccinestypically are very large. Many diseases have been totally eradicated in
high-income countries and other indications occur only sporadically in those countries.

The last quarter of the 20" century witnessed both great successes for vaccines as
well as crises. Many new childhood and adult vaccines were discovered, tested and are
now on the market. R&D expenditures took a dip from the 1970s to the mid 1980s but
recovered in the last few years of that decade and presently appear to be increasing.
(Grabowski and Vernon (1997), p 10. and Mercer (2002)1) The overwhelming burden of
tort liability cases resulted in bold policy actionsin the U.S. with the establishment of the
Vaccine Injury Compensation Program in 1988.  The program has reduced but not
eliminated tort liability exposure.

Vaccine markets have been characterized by increased incidents of shortages over
the past few years that spread across many product lines and emanate from a variety of
causes. These shortages are worldwide and effect vaccines against indications including
DTP (diphtheria-tetanus-pertussis), MMR (measles, meningitis, and rubella), OPV (polio),
TT (tetanus toxoid), BCG (tuberculosis), and yellow fever. The supply interruptions have
resulted in unmet demand in these established product lines, generating serious concerns
about health and safety. This has obvious implications about the future production,

regulatory, purchasing and generation of new vaccines directed at other indications.

1
Throughout this paper werefer extensively to two reports prepared by Mercer Management Consulting. Throughout the text we will
refer to the 1995 report as Mercer (1995) and the 2002 report as Mercer (2002). There are no page numbers on Mercer (2002).
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The total number of producers of vaccines, across all product lines, has never been
large and isdeclining. Further very few vaccines directed at a particular indication are
substitutable. Therefore, markets of vaccines for specific indications have a very small
number of producers. At least three of the basic childhood vaccines are provided by single
producers. The implications of this continued drop in producers should be clear: at any
point intime, a particular market serviced by a single supplier is open to random shortages
caused by any episode which causes the producer to temporarily (or longer) cease
production. In markets served by a small number of producers, producers generally are not
able to quickly increase production to overcome shortages caused by an unexpected
interruption in production by another firm. Likewise, stockpiles held by CDC are not
always adequate to aleviate these problems. 1n a 1985 publication, DeBrock and
Grabowski concluded “...the sole-supplier situation poses a threat to the continued supply
of some vaccines.”” Eight years later in another publication, Arnould and DeBrock wrote
“Significant concern about supply interruptions results from the existence of single
producers of many vaccines, including 10 of the 15 recommended childhood vacci nes.”’
The number of producers continues to decline as the number of vaccines provided by a
single supplier increases.

The eventsin 2001 are compelling proof that the warnings of earlier analyses were
more than just speculation. 1n 2000 and 2001, many vaccine markets fell victim to supply
disruption and shortages. Vaccines that are in continuous demand, such as tetanus and

influenza, experienced some of the sharper problems. In March of 2000, there were two

2
DeBrock and Grabowski (1985), page 61.

3
Arnould and DeBrock (1993), page 102.
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major producers of tetanus vaccine in the United States, Aventis Pasteur and Wyeth-
Ayerst, and no shortages. By early January, Wyeth had ceased production of the vaccine,
leaving Aventis as the only supplier.4 Aventis could not scale up production rapidly
enough to meet demand and was forced to ration supply. The story of shortages could be
retold in the markets for MMR, Varicella, and Pneumococcal Conjugate vaccines. Each
case had different circumstances (these are described in detail in other papers), but the
resulting shortage was similar.

As of July 2002, the CDC’s National Immunization Program indicated that in most
cases, the specific shortages were no longer as large of aproblem inthe U.S. Tablel lists

the NIP shortage information (www.cdc.gov/nip).

Thisis much improved over the situation just afew months earlier. In May of 2002, the
CDC considered there to be shortagesin DTaP, Td, MMR, Varicella, and PCV vaccines.
Hib was classified similarly to the July table, with four to six week delays rather than the
two to four week delays of July.
The causes of these shortages help to explain why the relief could come so quickly.

Some were production problems, some were due to incorrect levels of stockpiles, and some
were due to plant renovation. But, in each case the consistent theme was the fact that there
are so few producersin the market. Interruptions in supply by one producer do occur and
the supply reduction cannot readily be made up by other suppliers, even in vaccine markets
in which multiple suppliers exists.. The result isthat supply consistency will continue to

be brittle and shortages likely.

4
Brichacek (2001) indicates that the Wyeth pullout was precipitated by a June 2000 problem with the FDA concerning substandard
acellular pertussis vaccine.
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Tablel
National Vaccine Supply Shortagas5

National Vaccine Supply Shortages
Expected
Vaccine Shortage Duration Temporary Change from Routine Recommendation
6
Hepatitis B No
Diphtheria, Tetanus, & S
Pertussis NO
(DTaP)
Td No
Haemophilus See
8 9
influenzae type B (Hib) note
Inactivated No
Polio (IPV)
Measles, Mumps, & Rubella| 10
(MMR) No
\Varicella No
Pneumococcal last quarter of Yes
(PCV) Yes 2002q0r later http://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5050a4.htm
Hepatitis A No

This paper will construct an economic description of the supply side of the vaccine
industry. The focus will be on producers, production, and provision. Even though pricing

and financial outcomes are the main focus of papers being prepared by other researchers,

5
Source: http://www.cdc.gov/nip. Only those vaccines included on the recommended childhood immuni zation schedule are included in
thisupdate.

6
Two to four weeksare required to fill Hepatitis B/Hib combination (COMVAX) orders. Full availability should return by fall 2002.

.
Vaccine supplies are sufficient to return to the routine schedul e as recommended by the ACIP/AAP. However, additional vaccineis

not availabl e for ambitious recall or special initiative programs at thistime.

8
See note 3.

9
Hib vaccineisavailable from Aventis Pasteur. Hib vaccine orders from Wyeth require up to 60 days to fill and their supply is not

likely to improvein 2002. Orders from Merck aretaking 6 to 8 weeksto fill with littleimprovement expected before December 2002.

10
See Note4.
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some explanation is necessary to explain how the dynamics of such considerations impact
the structure of the markets and ultimately the existence of shortages.

The next section will discuss the history of producers and production inthe U.S.
While our focusisthe U.S. market, vaccines production and demand are global in nature.
As such, the international market must be considered. The international production of
vaccines does not play akey role in the current provision of vaccines in the U.S. However,
the continued existence of these international vaccine producers implies a potential new
source of vaccines for the U.S. market. The remaining sections describe demand
conditions, delivery systems, R&D, and then conclude with section that attemptsto explain

factorsresponsible for the structure of vaccine markets.

II. THE VACCINE MARKET

The phrase “vaccine industry” implies a certain market with firms producing a
product or products that are substitutes and therefore competitive. In fact, thisisa
misnomer. There are numerous producers of vaccines but the vaccines they produce are, in
the traditional sense used by economists, in many different markets. The product market
for the “vaccine industry” isreally a collection of a number of different markets, each
representing a different product (vaccine) aimed at a different indication. For example, the

MMR vaccine certainly is not in competition with the Polio vaccine.
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Worldwidesales of vaccines is currently about US$4.5 billion.” The majority of
production is concentrated in a few firms. The 2000 sales figures for themajor producing

firms are as follows:

M anufacturer 2000 Vaccine
Sales
GlaxoSmithKline $1,250m
AventisPasteur $1,005m
Wyeth $980m
Merck& Co $952m

Vaccine Production

In the middle of the twentieth century, diphtheria, tetanus, pertussis and smallpox
were the only available childhood vaccines. In 1985 the number of vaccines recommended
for children had grown to only 5. Currently, the American Academy of Pediatrics
recommends that children receive vaccinations against 13 indications by the age of two.”
In addition to these childhood vaccines, the array of adult vaccines has also grown.

Table |l lists all domestically produced vaccines currently licensed for use in the
United States, with the manufacture and the date the vaccine was given approval for sale

and use.

11
Thisisalarge figure as vaccines go, but still amountsto only 2 percent of the global pharmaceutical market.

12

Theseinclude Hepatitis B, Diptheria, Tetanus, Pertuss's, Haemophilius Influenza Type b, Polio, Measles, Mumps, Rubella, Varicdla,
Pneumococcal, Hepatitis A, and influenza (yearly). While some of these are combined in oneinjection, some indications require
multiple injections over time. The net result has been that since 1985, the number injectionsa child must receive by the age of two has
more than tripled.
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Tablell

U.S. Domestic Vaccine Producers and Products

US approval

Company Generic name date
BIOPORT CORPORATION (MICHIGAN DEPARTMENT OF PUBLIC

HEALTH) anthrax vaccine adsorbed 1970
ALLERGAN botulinum toxin type A 1991
WYETH (WYETH LABORATORIES, INC.) cholera vaccine 1952
BIOPORT CORPORATION diptheria & tetanus toxoids & pertussis vaccine adsorbed 1998
BIOPORT CORPORATION diptheria & tetanus toxoids adsorbed 1970
BIOPORT CORPORATION diptheria toxoid adsorbed 1998
WYETH (LEDERLE-PRAXIS) haemophilus b conjugate vaccine 1988
MERCK & CO (MERCK, SHARPE AND DOHME) haemophilus b conjugate vaccine 1989

haemophilus b conjugate vaccine & hepatitis B (recombinant)

MERCK & CO vaccine 1996
WYETH (PRAXIS BIOLOGICS) haemophilus B vaccine 1990
WYETH (AMERICAN CYANAMID) haemophilus vaccine 1985
MERCK & CO hepatitis B vaccine 1982
MERCK & CO hepatitis-A vaccine, inactivated 1996
BIOGEN hepatitis-B vaccine 1989
WYETH (WYETH LABORATORIES) influenza virus vaccine 1945
WYETH (WYETH LABORATORIES) influenza virus vaccine 1961
KING PHARMACEUTICALS (PARKEDALE PHARMACEUTICALS) influenza virus vaccine 1998
MERCK & CO measles and mumps virus vaccine live 1973
MERCK & CO measles and rubella virus vaccine live 1971
MERCK & CO measles virus vaccine live 1963
MERCK & CO measles, mumps, and rubella virus vaccine live 1971
MERCK & CO mumps virus vaccine live 1967
BIOPORT CORPORATION pertussis vaccine adsorbed 1998
GREER LABORATORIES plague vaccine 1994
WYETH (WYETH AYERST) pneumococcal 7-valent conjugate vaccine 2000
MERCK & CO (MERCK, SHARPE AND DOHME) pneumococcal vaccine polyvalent 1977
WYETH (LEDERLE LABORATORIES) pneumococcal vaccine polyvalent 1979
WYETH (WYETH-LEDERLE) poliovirus vaccine live oral trivalent 1963
WYETH (WYETH-LEDERLE) poliovirus vaccine live oral type | 1962
WYETH (WYETH-LEDERLE) poliovirus vaccine live oral type Il 1962
WYETH (WYETH-LEDERLE) poliovirus vaccine live oral type Il 1962
HOLLISTER-STIER LABORATORIES polyvalent bacterial vaccines 1999
WYETH (WYETH-AYERST) rabies vaccine 1982
CHIRON (BEHRINGW ERKE) rabies vaccine 1997
BIOPORT CORPORATION rabies vaccine adsorbed 1998
MERCK & CO rubella and mumps virus vaccine live 1970
MERCK & CO rubella virus vaccine live 1969
BIOPORT CORPORATION tetanus toxoid adsorbed 1998
WYETH (WYETH-LEDERLE) typhoid vaccine 1952
MERCK & CO varicella virus vaccine live 1995
BIOPORT CORPORATION (MICHIGAN DEPARTMENT OF PUBLIC

HEALTH) anthrax vaccine adsorbed 1970
ALLERGAN botulinum toxin type A 1991
WYETH (WYETH LABORATORIES, INC.) cholera vaccine 1952

Source: Tufts Center for the Study of Drug Devel opment, Tufts University, 2002

As can be seen from the table, some manufacturers are more active than others. Wyeth has

16 licenses and Merck has 13. However, there are 7 manufacturers with just one license in

the U.S.
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In addition to these domestically supplied vaccines, foreign producers have also

received approval for sales of vaccinesinthe U.S. Tablelll lists all foreign-produced

vaccines, again by manufacturer and year or approval.

Tablelll
Foreign Suppliersof Vaccineto U.S. Market

Company Country Generic name appurival
date
STATENS SERUM INSTITUT DENMARK diptheria toxoid 1998
STATENS SERUM INSTITUT DENMARK tetanus & diptheria toxoids 1998
STATENS SERUM INSTITUT DENMARK tetanus toxoid 1998
AVENTIS (PASTEUR MERIEUX CONNAUGHT) FRANCE acellular pertussis DTP 1992
AVENTIS (AVENTIS PASTEUR) FRANCE BCG Live vaccine 1990
AVENTIS (AVENTIS PASTEUR) FRANCE BCG vaccine 1998
conjugated haemophilus influenzae b and diphtheria, tetanus, and
AVENTIS (AVENTIS PASTEUR) FRANCE acellular pertussis vaccine 1993
AVENTIS (AVENTIS PASTEUR) FRANCE CPDT vaccine 2002
AVENTIS (AVENTIS PASTEUR) FRANCE diphtheria & tetanus toxoids & pertussis vaccine adsorbed 1978
AVENTIS (AVENTIS PASTEUR) FRANCE diphtheria & tetanus toxoids adsorbed 1984
AVENTIS (AVENTIS PASTEUR) FRANCE diphtheria & tetanus toxoids adsorbed 1997
AVENTIS (AVENTIS PASTEUR) FRANCE diphtheria & tetanus toxoids adsorbed, for adult use 1978
AVENTIS (AVENTIS PASTEUR) FRANCE haemophilus B conjugate vaccine 1987
AVENTIS (AVENTIS PASTEUR) FRANCE haemophilus b conjugate vaccine (tetanus toxoid conjugate) 1993
haemophilus b conjugate vaccine/diphtheria, tetanus toxoids,
AVENTIS (AVENTIS PASTEUR) FRANCE acellular pertussis vaccine in combination 1996
AVENTIS (AVENTIS PASTEUR) FRANCE influenza virus vaccine 1978
AVENTIS (AVENTIS PASTEUR) FRANCE meningococcal polysaccharide vaccine, group A 1978
AVENTIS (AVENTIS PASTEUR) FRANCE meningococcal polysaccharide vaccine, group C 1978
meningococcal polysaccharide vaccine, groups A, C, Y and W-135
AVENTIS (AVENTIS PASTEUR) FRANCE combined 1981
AVENTIS (AVENTIS PASTEUR) FRANCE pertussis vaccine 1978
AVENTIS (AVENTIS PASTEUR) FRANCE poliovirus vaccine inactivated 1987
AVENTIS (AVENTIS PASTEUR) FRANCE poliovirus vaccine inactivated 1990
AVENTIS (AVENTIS PASTEUR) FRANCE rabies vaccine 1980
AVENTIS (AVENTIS PASTEUR) FRANCE rabies vaccine 1991
AVENTIS (AVENTIS PASTEUR) FRANCE smallpox vaccine 1978
AVENTIS (AVENTIS PASTEUR) FRANCE tetanus toxoid 1943
AVENTIS (AVENTIS PASTEUR) FRANCE tetanus toxoid 1978
AVENTIS (AVENTIS PASTEUR) FRANCE tetanus toxoid adsorbed 1978
AVENTIS (AVENTIS PASTEUR) FRANCE yellow fever vaccine 1978
TAKEDA CHEMICAL INDUSTRIES, LTD. JAPAN acellular pertussis vaccine concentrate 1991
RESEARCH FOUNDATION FOR MICROBIAL DISEASES JAPAN japanese encephalitis virus vacine inactivated 1992
AKZO NOBEL (ORGANON TEKNIKA CORP.) NETHERLANDS BCG vaccine 1989
CHEIL JEDANG SOUTH KOREA  hepatitis-B vaccine 1988
BERNA SA (SWISS SERUM AND VACCINE INSTITUTE) SWITZERLAND tetanus toxoid adsorbed 1970
BERNA SA (SWISS SERUM AND VACCINE INSTITUTE) SWITZERLAND  typhoid vaccine live oral 1989
GLAXOSMITHKLINE (SMITHKLINE BEECHAM BIOLOGICALS) UK diphtheria & tetanus toxoids& acellular pertussis vaccine adsorbed 1997
GLAXOSMITHKLINE (SMITHKLINE BEECHAM BIOLOGICALS) UK hepatitis A Inactivated & Hepatitis B (recombinant) vaccine 2001
GLAXOSMITHKLINE (SMITHKLINE BEECHAM BIOLOGICALS) UK hepatitis B vaccine (recombinant) 1989
GLAXOSMITHKLINE (SMITHKLINE BEECHAM BIOLOGICALS) UK hepatitis-A vaccine, inactivated 1995
POWDERJECT PHARMACEUTICALS (MEDEVA PHARMA) UK influenza virus vaccine 1998
SHIRE (BIOCHEM PHARMA) UK 2000
STATENS SERUM INSTITUT DENMARK diptheria toxoid 1998
STATENS SERUM INSTITUT DENMARK tetanus & diptheria toxoids 1998
STATENS SERUM INSTITUT DENMARK tetanus toxoid 1998
AVENTIS (PASTEUR MERIEUX CONNAUGHT) FRANCE acellular pertussis DTP 1992

Source: Tufts Center for the Study of Drug Devel opment, Tufts University, 2002
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Single Seller Markets

Of all the vaccines approved, many are currently in the position of having only a
single seller in the market. Tables|l and 111 established that there are many vaccines
approved and on the market. However, the danger of supply interruptions remains very
real, particularly in markets reduced to single or even dual-supplier status.

Table IV groups the vaccines by number of active licenses(in the US). The single
producer grouping is the most prevalent. However, several of the vaccines within that
category appear to be very close substitutes for each other, but this is not the case where
one producer holds all licenses to blended vaccines such as MMR.

TablelV
U.S. Vaccines by Number of Licensed Producers

Number of
Licensed
Manufacturers Vaccine

anthrax vaccine adsorbed

botulinum toxin type A

cholera vaccine

diptheria toxoid

haemophilus B vaccine

haemophilus vaccine

hepatitis A Inactivated & Hepatitis B (recombinant) vaccine
1 measles virus vaccine live

measles and mumps virus vaccine live

measles, mumps, and rubella virus vaccine live

measles and rubella virus vaccine live

pertussis vaccine

plague vaccine

smallpox vaccine

typhoid vaccine

varicella virus vaccine live

2 diphtheria & tetanus toxoids & pertussis vaccine adsorbed
haemophilus B conjugate vaccine
haemophilus b conjugate vaccine/diphtheria, tetanus toxoids, acellular pertussis vaccine in combination
hepatitis B vaccine
mumps virus vaccine live
poliovirus vaccine inactivated
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rabies vaccine
tetanus & diptheria toxoids
yellow fever vaccine

influenza virus vaccine

japanese encephalitis virus vaccine inactivated
meningococcal polysaccharide vaccine, group A
pneumococcal 7-valent conjugate vaccine
rubella and mumps virus vaccine live

BCG Live vaccine
acellular pertussis DTP

hepatitis-A vaccine, inactivated
tetanus toxoid

diphtheria & tetanus toxoids adsorbed
poliovirus vaccine live oral trivalent

These situations are somewhat clarified in Table V which cross tabulates the vaccines by

the producers holding the U.S. license. Table V provides such aview of the data
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TableV
Vaccine Licenses by M anufacturer

Generic name

JAKZO NOBEL (ORGANON TEKNIKA CORP.)

IALLERGAN

[BERNA SA (SWISS SERUM AND VACCINE INSTITUTE)

BIOGEN

BIPORT CORPORTATION

CHEIL JEDANG

(CHIRON

(GLAXOSMITHKLINE

GREER

HOLLISTER-STIER LABS

KING PHARMACEUTICALS

MERCK

POWERDERJECT

REOLARLUI MUUINUA THUIN FUR IIICRUDIAL

DISEASES

SHIRE

[STATENS SERUM INSTITUT

TAKENDA

IWYETH

- [AVENTIS

-

anthrax vaccine adsorbed

b

BCG Live vaccine

-

BCG vaccine

botulinum toxin type A

cholera vaccine

conjugated haemophilus influenzae b and diphtheria, tetanus, and acellular pertussis vaccine

CPDT vaccine

diphtheria & tetanus toxoids & pertussis vaccine adsorbed

= fro [ [ |-

diptheria toxoid adsorbed

haemophilus B conjugate vaccine

haemophilus b conjugate vaccine & hepatitis B (recombinant) vaccine

conjugate vaccine;

haemophilus b conjugate vaccine (tetanus toxoid conjugate
haemophilus b conj ine/diphtheria, tetanus toxoids, acellular pertussis vaccine in combination

influenza virus vaccine

anese encephalitis virus vacine inactivated

measles and mumps virus vaccine live

measles and rubella virus vaccine live

measles virus vaccine live

measles, mumps, and rubella virus vaccine live

s [ | [

meningococcal polysaccharide vaccine, group A

meningococcal polysaccharide vaccine, group C

-

meningococcal polysaccharide vaccine, groups A, C, Y and W-135 combined

mumps virus vaccine live

pertussis vaccine

pertussis vaccine adsorbed

plague vaccine

pneumococcal 7-valent conjugate vaccine

pneumococcal vaccine polyvalent

s

poliovirus vaccine inactivated

poliovirus vaccine live oral trivalent

poliovirus vaccine live oral type |

poliovirus vaccine live oral type Il

poliovirus vaccine live oral type Ill

=

polyvalent bacterial vaccines

rabies vaccine

rabies vaccine adsorbed

rubella and mumps virus vaccine live

rubella virus vaccine live

smallpox vaccine
|te1anus & diptheria toxoids
tetanus toxoid

|te1anus toxoid adsorbed
typhoid vaccine

e foo Joo fies s i fies i s fies i fies s i o o i fies i fies s s s i s s i s s e o o B s o s s s s s o s fis s s o i s s s fis o s s i | [Grand Total

The far right column indicates that a number of the vaccines are produced in single-seller

markets. However, some of the vaccines can work as substitutes for others, such as polio

inactivated versus polio live.
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Exit

Over the past few decades, both domestic and international manufacturers of

vaccines, have withdrawn from the U.S. market. Of the 146 vaccines approved since 1933,

62 have subsequently withdrawn from the market. Some of these withdrawals represent

situations where the particular approved vaccine was replaced by a more effective or safer

alternative. Asan example, consider the replacement of DTP

Table VI

Approved Vaccines Withdrawn From U.S. Market

Company

Country Name

Generic name

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

tetanus toxoid

WYETH (LEDERLE)

UNITED STATES

staphylococcus toxoid

ELILILLY

UNITED STATES

tetanus toxoids

BAYER CORP. (CUTTER)

GERMANY

tetanus toxoid

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

tetanus toxoid

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

typhus vaccine

WYETH (LEDERLE)

UNITED STATES

cholera vaccine

BAYER CORP. (CUTTER)

GERMANY

plague vaccine

WYETH (LEDERLE)

UNITED STATES

Rocky mountain spotted fever vaccine

WYETH (WYETH LABORATORIES)

UNITED STATES

smallpox vaccine (vaccinia)

\WYETH (WYETH-LEDERLE)

UNITED STATES

tetanus toxoid

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

influenza virus vaccine

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

influeza virus vaccine

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

diptheria and tetanus toxoiuds and pertussis vaccine
adsorbed

BRISTOL-MYERS SQUIBB (E.R. SQUIBB)

UNITED STATES

6-valent pneumococcal vaccine

ELILILLY

UNITED STATES

diptheria and tetanus toxoids

MERCK & CO

UNITED STATES

diphtheria and tetanus toxoids and pertussis vaccine
adsorbed

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

diptheria and tetanus toxoids

WYETH (LEDERLE)

UNITED STATES

gas gangrene polyvalent antitoxin

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

cholera vaccine

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

diptheria and tetanus toxoiuds and pertussis vaccine

WYETH

UNITED STATES

diphtheria toxoid adsorbed

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

poliomyelitis vaccine

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

adenovirus vaccine

DELMONT LABORATORIES

UNITED STATES

polyvalent bacterial antigens

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

adenovirus and influenza vaccines combined aluminum
phosphate adsorbed

PFIZER UNITED STATES Polio vaccine, live, oral Typel
PFIZER UNITED STATES Polio vaccine, live, oral Type2
PFIZER UNITED STATES Polio vaccine, live, oral Type3

GLAXOSMITHKLINE (GLAXO WELLCOME)

UNITED KINGDOM

BCG vaccine

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

typhoid vaccine

PFIZER (PARKE, DAVIS AND CO)

UNITED STATES

diptheria, tetanus toxoids, pertussis vaccine adsorbed,
poliomyelitis vaccine

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

smallpox vaccine

WYETH (LEDERLE)

UNITED STATES

measles vaccine

AVENTIS (AVENTIS PASTEUR)

FRANCE

smallpox vaccine

MERCK & CO (MERCK, SHARPE AND DOHME)

UNITED STATES

measles-smallpox vaccine, live

WYETH (LEDERLE)

UNITED STATES

typhus vaccine

WYETH (LEDERLE LABORATORIES)

UNITED STATES

diphtheria & tetanus toxoids & pertussis vaccine
adsorbed

WYETH (WYETH LABORATORIES)

UNITED STATES

diphtheria & tetanus toxoids adsorbed
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WYETH (WYETH LABORATORIES) UNITED STATES diphtheria & tetanus toxoids adsorbed for adult use

WYETH (WYETH LABORATORIES) UNITED STATES diphtheria & tetanus toxoids adsorbed

WYETH (WYETH LABORATORIES) UNITED STATES diphtheria & tetanus toxoids adsorbed for adult use
diphtheria & tetanus toxoids & pertussis vaccine

WYETH (WYETH LABORATORIES, INC.) UNITED STATES adsorbed

WYETH (WYETH-LEDERLE) UNITED STATES tetanus toxoid adsorbed

Source: Tufts Center for the Study of Drug Devel opment, Tufts University, 2002

(diphtheria, tetanus and pertussis) by the safer DTaP. Another reason for withdrawal that
would not be considered troublesome is the introduction of combination vaccines,
replacing “single-indication” vaccine in vaccination schedules. Much current R&D and
product testing is going into expansion of combination vaccines because they generally
reduce the number of doses, and even though vaccine combination may be more expensive
labor and other costs associated with the inoculation are reduced.

Alternatively, some exit is alleged to be caused by economic factors that result in
unprofitable operation, or low returns relative to those from the production of
pharmaceuticals. These exits are almost certain to reflect rational behavior on the part of
the manufacturer. These could include situations where demand is not strong enough to
warrant continued production.” Another reason for exit could be that costs of operation
and compliance may be too great to support more than one producer. Often the result
could be asingle or dual supplier or no-supplier of the entire specific vaccine segment, as
is the case with the vaccine for indicators of Lyme disease. While the latter is clearly
worse, neither situation is attractive. These issues will be addressed in more detail in

section VI of this chapter.

13
FOOTNOTE ABOUT GLAXO pullout of Lyme disease market due to lack of demand.
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Potential Entrants

The data above indicate that there are several vaccine markets with single-producer satus.
These products present the most serious danger of supply disruption. However, to the
extent that there are new competitors available to “step in” in the event of such an
interruption, the problem is not nearly so severe. Therefore, we must consider the potential
for new entry. New entry would have to come by way of presenting a vaccine that could
achieve approval for sale and distribution in the United States. The pace of new approval
has continued to pick up. The decade of the nineties witnessed 39 new approvals, the most
in adecade in history. Nearly half of all vaccine approvals have occurred since 1980. The
following figure describes U.S. vaccine approval activity from 1933 to 2001. A simple
analysis of the trend of cumulative approvals over time reveals a forecast that just over two

licenses per year are issued in the United States.™

14
Of course, these are gross cumulative licenses. We have no data on withdrawal dates of vaccines that exit the market. However, it is

clear that the net changein a year will beless than the forecast time trend coefficient.
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Figurel
U.S. Vaccine Approval
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These licenses come from products that are developed both domestically and in other
countries. Human vaccines that are currently approved for distribution outside of the
United States seem to be the most attractive candidates for entering the approval process.
Such products have completed the R& D cycle and are being used to immunize populations
in these other countries. Table VII presents alist of such “foreign launched” vaccines.
The table indicates the producer and the country that has approved the vaccine for
distribution.

Many of these vaccines appear to fit nicely with the markets that produce the most
concern, the single producer markets shown in Table V above. Of course, they cannot be
sold in the U.S. without completing the licensing procedure. And, to the extent this
licensing process is arduous, competition from these vaccines may be delayed or non-

existent. However, in the event of a disastrous supply interruption in one of the domestic
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single-seller markets, a vaccine that has proven to be safe and effective in, for example,

Europe should be considered as at least atemporary solution.

Table VIl

Active Foreign Vaccines Not Yet Approved in the U.S.

Company Country Generic name

IAVENTIS (PASTEUR MERIEUX MSD) FRANCE streptococcus pneumoniae vaccine

OCKHARDT INDIA hepatitis-B vaccine
ISHIRE UNITED KINGDOM BCG live
IAVENTIS (AVENTIS PASTEUR) FRANCE pentavalent DTP vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE DTP-polio vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE diphtheria, polio, and tetanus vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE diphtheria and tetanus vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE hepatitis A and typhoid vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE influenza vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE rabies vaccine
IAVENTIS (AVENTIS PASTEUR) FRANCE aricella vaccine
IAVENTIS (PASTEUR MERIEUX) FRANCE hepatitis-B vaccine

BERNA SA ISWITZERLAND influenza vaccine, injected
BERNA SA ISWITZERLAND influenza vaccine

ICADILA INDIA leprosy vaccine

ICHIRON UNITED STATES cholera vaccine

ICHIRON UNITED STATES diphtheria vaccine

ICHIRON UNITED STATES diphtheria, tetanus, and polio vaccine
ICHIRON UNITED STATES diphtheria and tetanus vaccine
ICHIRON UNITED STATES measles vaccine

ICHIRON UNITED STATES measles and mumps vaccine
ICHIRON UNITED STATES measles, mumps, rubella vaccine
ICHIRON UNITED STATES measles and rubella vaccine
ICHIRON UNITED STATES mumps vaccine

ICHIRON UNITED STATES rubella vaccine

ICHIRON UNITED STATES tuberculosis vaccine

ICHIRON UNITED STATES typhoid fever vaccine

ICHIRON (BIOCINE)

UNITED STATES

haemophilus vaccine

ICHIRON (BIOCINE)

UNITED STATES

lacellular pertussis with diphtheria and tetanus (recombinant)

ICHIRON (BIOCINE)

UNITED STATES

inactivated polio

ICHIRON (CHIRON BEHRING GMBH)

UNITED STATES

influenza vaccine

ICOMMONWEALTH SERUM LABORATORIES JAUSTRALIA JADT vaccine
ICOMMONWEALTH SERUM LABORATORIES JAUSTRALIA influenza vaccine
ICOMMONWEALTH SERUM LABORATORIES JAUSTRALIA IQ-fever vaccine
ICOMMONWEALTH SERUM LABORATORIES JAUSTRALIA rubella vaccine

IGLAXOSMITHKLINE (SB BIOMED)

UNITED KINGDOM

diphtheria, tetanus, whole cell pertussis, rDNA hepatitis
accine

IGLAXOSMITHKLINE (SMITHKLINE BEECHAM
BIOLOGICALS)

UNITED KINGDOM

DTaP + Hib

IGLAXOSMITHKLINE (SMITHKLINE BEECHAM
BIOLOGICALS)

UNITED KINGDOM

infection, influenza

ICN UNITED STATES lactobacillus vaccine

ICN UNITED STATES urinary tract infection vaccine
KAKETSUKEN JAPAN hepatitis-B vaccine
KAKETSUKEN JAPAN hepatitus-A vaccine

KOREA GREEN CROSS ISOUTH KOREA typhoid vaccine

LG CHEMICAL ISOUTH KOREA hepatitis-B vaccine

LG CHEMICAL ISOUTH KOREA aricella vaccine
MITSUBISHI-TOKYO JAPAN hepatitis-B vaccine
NOVARTIS ISWITZERLAND influenza vaccine

POWDERJECT PHARMACEUTICALS

UNITED KINGDOM

polio vaccine, injectable

POWDERJECT PHARMACEUTICALS

UNITED KINGDOM

tetanus

POWDERJECT PHARMACEUTICALS

UNITED KINGDOM

tuberculosis vaccine

POWDERJECT PHARMACEUTICALS (SBL VACCIN)

UNITED KINGDOM

cholera vaccine

RESEARCH DEVELOPMENT CORP. JAPAN hepatits B vaccine
RHEIN BIOTECH NETHERLANDS hepatitis B vaccine
ROCHE (GENENTECH) UNITED STATES hepatitis-B vaccine
ISHANTHA INDIA hepatitis-B vaccine
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ISHIRE (BIOCHEM VACCINES) UNITED KINGDOM Isplit virus influenza vaccine
ISOLVAY BELGIUM influenza vaccine
BAVARIAN NORDIC RESEARCH INSTITUTE DENMARK lsmallpox vaccine

Critical Issues. Even though there has been a very substantial decline in the number of
companies that produce, the total number remains large on aglobal basis. However, when
the vaccine industry is divided into real product and geographic markets the number is
very small. A number of vaccine markets in the US currently are served by one producer.
In single producer markets there is no one available to accommodate supply interruptions.
In two or three firm markets, when a supply interruption is generated by one firm, it isvery
difficult for the remaining firmsto scale up on short notice to accommodate the supply
shortage. Thus, shortages generated by supply interruptions and firms exiting from

markets are very closely linked to market structure.

lIl. CURRENT VACCINE DEMAND

Vaccines have experienced steady growth in the last decade. In 1994, the global
vaccine market was estimated at $1 billion and increased to a sales level of $4.8 billion in
2002. (VMO (2002b) and GVM (2001)) The market is expected to continue to expand at
this pace into the next decade. The potential introduction of new vaccines and the
development of safer or easily administered vaccines provide continued growth. The
United States vaccine market grew 7.8% in 2001 to reach a value of $1.48 hillion in 2002.
The market has grown at arapid pace in the last five years in large part dueto an emphasis

on universal immunization coverage for children.
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Global Vaccine Market (2001)
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Vaccines administered during childhood make up a large share of the global
market. Inthe United States the demand for childhood vaccines is determined both by the
infant population and the Center for Disease Controls' (CDC) recommended schedule.
Approximately 11,000 infants are born in the United States every day. While this provides
a continual source of demand for vaccines, it has been very stable over the last decade. In
fact, in the United Statesthe infant population growth has been relatively steady for the

last two decades. (CDC (2002b))
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Most growth has been in the number of vaccines recommended by CDC, which has
risen dramatically. Inthe 1950's only four vaccines were recommend: diphtheria, tetanus,
pertussis and smallpox. Today the CDC recommended schedule includes nine vaccines,
with more to be added by 2005.(CDC (2002a)) The recent introduction of Varicella zoster
virus vaccines to the immunization schedule has contributed greatly to the vaccine
market’s growth. (VMO (2002a)) The growth in the number of recommended vaccines has
increased not only the number of shots a child must receive, but also the number of doctor
visits required to complete the immunization schedule. 1nresponse to thisincrease,

several combination vaccines have been introduced.

Page 21



25

Childhood Immunization Schedule

20

15

10

)

~——@— Vaccine Schedule Vaccines
=l V/accine Schedule Shots

1950

1985

1990 2000 *2005

An additional source of growth in demand for childhood vaccines has been the

implementation of the Childhood Immunization Initiative. Two primary goals of the

program are that 90% of United States children should receive required immunizations by

age two, along with the eradication of several childhood diseases.

| mmunization

coverage rates in the United States have risen since the inception of the initiative. The

program has met the 90% coverage goal for several vaccines. Further by 1996, three

diseases, tetanus immunizations of children under age 15, and for the polio and mumps

indicators, reached their elimination targets. (Cll (1997))

Vaccine coverage in 2000 among children aged 19-35 months

DTP/DT/DTaP

Poliovirus

Hib

MMR

Hepatitis B

Varicella

94.1%

89.5%

93.4% 90.5%

90.3%

67.8%
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While many vaccines are aimed at children there are several vaccines administered
to adults. The CDC recommends that all adults receive the Diptheria-Tetanus (DtaP)
vaccine. Additionally, adults who have not been infected by the diseases and who have not
been previously immunized should receive Varicella, MMR and Hepatitis B vaccines.
Before 1999, the CDC recommended that adults over sixty-five receive the influenza
vaccine. Currently the recommended age has been reduced to fifty, which has increased
demand.(Vaccines for Adults (2002)) Those over sixty-five also should be immunized for

pneumococcal. The hepatitis B vaccine is only recommended for adults who are at risk.

Percentage Adults Receiving Influenza Vaccine

——@— Percentage Adults Receiving
Influenza Vaccine 18-49 years

~——— Percentage Adults Receiving

40
Influenza Vaccine 50-64 years
Percentage Adults Receiving
F Influenza Vaccine 64+ years
30

The CDC goal of 60% influenza vaccine among elderly Americans has been met.
However, that goal will be raised to 90% in the year 2010 The current rate is below 70%.
If the goal is met there will be an increase in demand for the influenza vaccine. Additional
demand may also occur if the CDC takes action to combat the low rate of influenza

vaccines among high-risk individuals.
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Critical Issues. There has been relative steady growth in the total sales of vaccines. In
the US the major growth occurred as aresult of increases in dosages of specific basic
childhood vaccines and the introduction of new childhood and adult vaccines. Basic
childhood vaccines have a very predictable growth dependent upon annual birth rates.
Markets for existing vaccines remain dwarfed by other pharmaceutical markets and as such

are more likely candidates for exit than entry.

IV. VACCINE DELIVERY

In the past decade, the government has assumed a larger role in the purchase of
vaccines. With the creation of the Vaccine for Children Program, the government has
increased the number of vaccines it purchases. 1n 1985 only 15% of DTP vaccine was
purchased by the public. That amount had risen to 56% in 1995. While the increased
public purchases may have the benefit of increasing the number of children immunized, it
also may affect the number of vaccine producers. The cost of privately purchased DTP in
1996 was $5.54 per dose. |If that same dose was purchased publicly, the cost would be a
mere $1.40. Asthe government assumes a greater role in the market, the average revenue
per dose should fall. This may contribute to the already declining number of producers.
(Grabowski and Vernon (1997))

The government’ s role is not the only factor reducing the average price per dose.
The last decade has also seen an increase in the number of children enrolled in aHMO.
Again, this may increase the number of children receiving immunizations. (Calling the

Shots (2000)) However, HMOs also receive a discounted price for the vaccines they
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purchase. It isbelieved that the discount provided to HMO is not as great as those given to
publicly purchased vaccines. But the discount may add further pressure to lower vaccine
prices and reduce the number of vaccine producers.

The vaccine industry also has changed in the location at which vaccines are
administered. Increasingly children are receiving vaccines in their medical homes.
Private insurance plays an important role in the administration of and payment for
vaccines. Fifty-four percent of infants and 62% of children from 1 to 5 years of age are
covered by private insurance. Approximately half of those policies cover immunizations.
(Calling the Shots (2000)) Many states have enacted legislation to try to improve
immunization coverage by requiring policies to provide coverage of immunizations. The
growth of health maintenance organizations (HMO) has also increased immunization as
almost all HM O’ s cover vaccines. In fact one of the measures of quality of an HMO used
by some isthe level of immunizations of their insured population. The number of
individuals enrolled in HMOs has increased from 6 million in 1976 to approximately 67.5

million twenty years later. (Calling the Shots (2000))

Immuniztion Delivery by Provider
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The increasing number of children receiving vaccines from their primary care giver

isin large part dueto the creation of the Vaccines for Children Program (VFC). (Caling

the Shots (2000)) The VFC was created as part of the Children’s Immunization Initiative.

The program focused on providing vaccination in a child’s medical home under the

assumption that this would increase immunization rates. The program is a federal

entitlement program that is administered by individual states. The VFC pays for and

distributes vaccines to both public and private health providers. States may choose

different methods of supplying the vaccines and different eligibility requirements.

(Calling the Shots (2000), 16)

Vaccine Supply Poicy — December 2000

Universal Policy

Public Vacines
Supplied for VFC

Public Vaccines for

Selected Public-
Purchased Vaccine

and the VFC Only to ALL Private
Underinsured Providers
Alaska Arizona Alabama Chicago
American Samoa Florida Arkansas Connecticut
|daho Georgia California [llinois
Maine Guam Colorado Nevada
Massachusetts Houston Delaware South Dakota
N. Mariana lsland Kentucky District of Columbia | Vermont
New Hampshire Maryland Hawalii
New Mexico Michigan Indiana
North Carolina Minnesota lowa
North Dakota Montana Kansas
Rhode Island New York Louisiana
Virgin Islands New York City Mississippi
Washington Oklahoma Missouri
Puerto Rico Nebrasksa
San Antonio New Jersey
South Carolina Ohio
Texas Oregon
Wyoming Pennsylvania
Philadelphia
Tennessee
Utah
Virginia
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West Virginia
Wisconsin

Source— Vaccine for Children Program

Approximately 35% of infants are immunized using VFC provided vaccines.
Health care providers enrolled in the VFC programs administer approximately 75% of the
vaccines to school age children. The VFC has increased the amount of children who are
able to have vaccinations administered in their medical home. A national survey found
that 44% of providers who participated in the program referred uninsured patientsto free
clinics versus 90% who did not participate. (JAMA (1999))

Additional supply of vaccinesto the public is funded by Section 317 grants.
Section 317 was established in 1967 and was aimed at disadvantaged children. (Calling
the Shots (2000)) Before the creation of the Vaccines for Children Program Section 317
grants were the major provider of public vaccines. In contrast to VCF, Section 317 grants
cover both adult and childhood immunizations. Additionally, the funds can be used to
support immunization delivery systems as well as purchase of vaccines.

The government makes approximately ¥z of all vaccines purchases in the United States.
Some of these purchases are by states. However, the federal government purchases the
largest share. The following figures represent the universe of CDC purchases of DTaP and

Hib vaccines over the period from 1992 — 2003.
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DTaP Orders by CDC
Oct 1992-Mar 2003

No. Am.
Lederle/Wy-Led 1%

14%

O Conn/Av
Conn/Av |B SKB/G-SK

45% O Lederle/Wy-Led
ONo. Am.

SKB/G-SK
40%

Conn/AV: Connaught Laboratories Inc. changed to Aventis Pasteur Inc.
Lederle/Wy-Led: Lederle-Praxis Co. changed to Wyeth-Lederle Vaccines
SKB/G-SK: SmithKline Beecham changed to GlaxoSmithKline

No. Am.: North American Vaccines

Hib Purchases by CDC
March 1992 - March 2003

Merck
15%

Conn/Av
33%

O Conn/Av
B [ ederle/Wy-Led
OMerck

Lederle/Wy-Led
52%

Conn/AV: Connaught Laboratories Inc. changed to Aventis Pasteur Inc.
Lederle/Wy-Led: Lederle-Praxis Co. changed to Wyeth-Lederle Vaccines
Merck: Merck Vaccine Division

The final source of public funding of U.S. vaccine purchases occurs at the state
level. The amount of involvement depends upon the state. Twenty- four states purchase

less than 10% of the vaccines administered in their state, whereas 10 states purchase 30%
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or more. State funds generally are used to provide for vaccine delivery in public clinics.
(Calling the Shots (2000))

The increased number of vaccines purchased by the public and HMOs has
increased the number of children immunized. However, the discounts both groups receive
may be contributing to the exit of vaccine producers. The vaccine industry has continued
to grow inthe last decade. But, thisis largely due to the introduction of new vaccines and

vaccines targeted for adults.

Public Purchases of Vacciness

State Purchases
through Federal
Contracts

B state Purchases through Federal Contracts
Section 317 Bsection 317
avrc

International

Internationally, third parties purchase most vaccines. Volumeis high in UNICEF, total
salesrevenue isin US and high income countries (see Grabowski and Vernon (1997) and
Mercer (2002)) The majority of high volume purchases are made by the United Nations.

These purchases are predominantly childhood vaccines for distribution via UNICEF to
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lower income nations. Table VIII lists the current vaccines under contract by the UN,
including the manufacturer.
TableVIII
UN List of Prequalified Vaccines
WHO List of Vaccinesfor Purchase by UN Agenciesas of April 2002

PRODUCER VACCINES

Aventis Pasteur, Canada DTP, measles

BCG, DT, dT, DTP, OPV, TT, measles, MMR, Hib, yellow
fever, meningococcal A + C

Aventis Pasteur, France

Biken, Japan Measles

Bio Farma, Indonesia DT, DTP, OPV, TT, TT filled in Uniject, measles
Biomanguinhos, Brazil Yellow fever

Center for Genetic Engineering and Biotechnology, Cuba Hepatitis B (recombinant)

Cheil Jedang, Korea Hepatitis B (plasma derived)

Chiron Behring, Germany DTP, Rabies

Chiron Vaccines, Italy DTP, MMR (measles, mumps,

rubella combination), MR (measles, rubella combination),
OPV, measles, Hib

CSL, Australia DT,DTP, TT

GlaxoSmithKline, Belgium Hepatitis B, Hib, OPV, meningococcal A + C, DTP-Hep B,
DTP-Hep B to be combined with Hib (pentavalent), measles,
MMR

GreenCross Vaccine Corporation, Korea Hepatitis B (recombinant)

Human Co., Hungary DT, TT, Td

Institut Pasteur Dakar, Senegal Yellow fever

Japan BCG BCG

Lucky Goldstar, Korea Hepatitis B (recombinant)

Celltech Group plc, (formerly Medeva, U.K.) BCG, Yellow fever

Merck and Co. Inc, USA Hepatitis B

National Center for Infectious and Parasitic Diseases, BCG

Intervax, Bulgaria

SBL Vaccin AB, Sweden Inactivated oral cholera

Serum Institute of India DT, dT, DTP, TT, MR, measles

Statens Seruminstitut, Denmark BCG

Wyeth Lederle Vaccines and Pediatrics, USA Hib

Critical Issues. A large and growing proportion of vaccines are purchased and distributed
by public agenciesinthe US. Vaccines have atwo-tiered pricing structure in the US, with
government purchases priced large percentages below private purchases. In addition, sales

to managed care entities have grow in the past decade. These entities also command a
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discount from other private sales. As more sales are made at discounted pricesthe

incentives for producersto remain in or enter vaccine markets declines.

V. VACCINE RESEARCH AND DEVELOPMENT

A concern voiced by some is that there has been adeclining interest in investing in
R&D to improve existing vaccines and discover vaccines directed at new indicators. In
this section we provide a brief discussion of thisissue. Vaccines have been available for
over 200 years. It was dmost a century after the smallpox vaccine was developed that a
second vaccine was available. Few others were developed in the early twentieth century.
(USVR (1997)) Today hundreds of vaccines are in various stages of development.
Grabowski and Vernon (1997) reported that there were 285 vaccine R&D projectsin
progress (not including HIV vaccine efforts), of which 133 were already in clinical trials.
(Grabowski and Vernon (1997), p. 11.) Mercer (2002) reported that number had increased
to 350 R&D projects, 188 in pre-clinical phase and 158 in clinical trials in 2000. (Mercer
(2002), no page).

Along with a change in the pace of development, the science used to create new
vaccinesis changing. Vaccine development has gone through several stages from
weakened or killed microbes to new tissue culture techniques. Today scientists are using
advanced genetic engineering to create new and safer vaccines. These new techniques

have produced vaccines to fight Hepatitus B and Lyme disease. (GH (1998))
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Much of the R&D projects are for the development of new vaccines, aimed at
indications not currently targeted by a vaccine sold in the United States. Table I X presents
alist of diseases where no vaccine protection exists as of yet. The last column is arough
indication of the relative importance of the particular disease versus the othersin this table.

Table X
Deathsfrom Diseases No Yet Preventable by Immunization

Diseases Deaths (000)® %
AIDS 2285 27.47
Tuberculosis 1498 18.01
Malaria 1110 13.34
Pneumococcus® 1100 13.22
Rotavirus 800 9.62
Shigella 600 7.21
Enterotoxic E. coli 500 6.01
Respiratory syncytial virus® 160 1.92
Schistosomiasis® 150 1.80
Leishmaniasis 42 0.50
Trympanosomiasis 40 0.48
Chagas disease 17 0.20
Dengue 15 0.18
Leprosy 2 0.02
Total deaths 8319 100.0

Source: Kremer (2000)

Not all vaccine development is aimed at uncovered diseases. In fact, some of the
development activity isaimed at vaccines that would be competitorsto (or, perhaps,
improvements upon) existing licensed vaccines in the United States. Appendix A presents
acomprehensive list of these vaccines grouped by their statusin reaching a level where
they could be distributed in the United States.

The United States has been responsible for the discovery and development of two-
thirds of the new vaccines in the last twenty years. The major contributors to vaccine
research in the US are: various government agencies, academic institutions, four large
companies (Wyeth-L ederle Biologics and Vaccine and Merck in the United States and
SmithKline Beecham and Pastuer Merieux Connaught based in Europe) and smaller

biotech firms. 1n 1997, $1.4 billion was spent in the United States on vaccine research and
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development. The costs of research and development are funded by taxpayers through

government agencies, vaccine sales and venture capital.

18%

of Research and Di Costs

B Tapayers
Bvaccine Sales

B venture Capital

46%

The government plays a major role in vaccine development in the United States.
The National Institutes of Health (NIH) is responsible for identifying and supporting
development of potential vaccines. The Federal Drug Administration (FDA) oversees the
regulatory process necessary to bring a new vaccine to market. Further, the Center for
Disease Control (CDC) and the Department of Defense (DOD) have support roles. CDC’s
support role is significant since it isthe largest single buyer and distributor of vaccinesin
the US. The US Agency for International Development (USAId) isalso involved ina
more limited role. The NIH conducts some internal research, however it plays a more
extensive role by providing grants for academic institutions and health-related agencies.
The DOD conducts its own research and supports research conducted a academic
ingtitutions. The DOD focuses primarily on indicatorsthat would affect military personnel
abroad and terrorism. The USAID grants fund directly in large partsto institutions in less

developed countries.
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Of the government agencies involved in funding vaccine research, the NIH has the
most important role. The National Institute of Allergy and Infectious Diseases (NIAID) is
the division of the NIH which primarily deals with vaccine research. The NIAID provides
funding not only for basic vaccine research, but also focuses on vaccines that may be
related to bioterrorism. In 2002, the NIAID budget was $2.4 billion. Intotal the NIH is
responsible for approximately athird of all vaccine research funding. (NIH Big Winner)

Pharmaceutical companies are also a major source of vaccine research and
development. The National Vaccine Advisory Committee estimates that 46% of the $1.4
billion spent on R& D in 1995 was financed by vaccines sales. (USVR (1997)) The
market can be divided into large companies and small companies. Large companies were
estimated to contribute 15-20% of sales, $650 million, in 1995 to research and
development. In contrast small companies receive their funding from venture capital. In
1995 small companies contributed $250 million to vaccine research and development.
(USVR (1997)) Small companies, while contributing a substantial amount of investment,
are only responsible for 18% of all funding. This comparesto 46% from large
pharmaceutical companies.

The large firm sector of the vaccine market consists of four major companies;
Wyeth, Merck, GlaxoSmithKline and American Home Products. (NVAC). In contrast,
there are many small biotechnology firms involved in vaccine research. These firms range
in size from 36 employees (Antex Biologics, Inc.) to over 1600 employees (Immunex
Corporation). The firm sales also have awide range varying from ailmost $1 billion

(Immunex Corporation) to half a million dollars (AVAX Technologies, Inc.) The small
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size of these firms can lead to enormous increases in sales. Antex Biologics experienced
200% sales growth in 2001.

Small biotechnology companies are distinct in funding, organization and interests.
While all of the technology firms are involved in developing more than one drug, the areas
of research vary. Some firms focus solely on vaccine research while other focus on a
certain type of disease. Some of the biotechnology firms receive funding from the
government. For example, Antex Biologics receive funding from the Department of
Defense for trials of a potential vaccine against diarrhea and gastroenteritis. Other firms,
are subsidiaries of larger pharmaceutical companies or may be partially owned by another
firm. Immunex is a subsidiary of Amgen and Baxter owns about 20% of Acambis plc.
(Business 2.0)

Pharmaceutical companies respond to market forces and generally research
vaccines that have potential for large revenues. This excludes many diseases, such as
malaria, which afflict a disproportionate amount of the world' s poor. In 2000, The Global
Alliance for Vaccines and Immunizations (GAV1) was founded in part to respond to the
need for vaccines in developing countries. GAVI isalso interested in developing better
technologies to administer vaccines as many health care workers in developing countries

work in difficult environments. (GAVI website)
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Relative Contriubtions to Vaccine and Development

Relative NIH FDA CDC DOD USAID States Large Smell  Academia Non
Contributions Corrpani esConpani es* Gover nient
tpVaccine Agencies

One of the major areas of recent research is vaccines for sexually transmitted
diseases (STDs) and vaccines that can be effective in children. Extensive effort has been
focused on finding avaccine for HIV. Many health officials believe a vaccine is essential
to stop the worldwide spread of the disease. Small human trials are being conducted by
several pharmaceutical companies.(19)

While there has been no production of an effective HIV vaccine, scientists have
learned a great deal about how the immune system works. This knowledge has spurred
research on vaccines for various forms of cancer. Currently in the United States, there are
over 150 vaccines in different stages of development. Three cancer vaccines are currently
approved in other countries. The market for cancer vaccines is projected to growth by over
100% through 2007.

Along with developing new vaccines, research is being conducted to discover new

methods of administering vaccines, such as,the development of a nasal spray form of the
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influenza vaccine. (Inoculate (2001)) Vaccines are considered to be less profitable then
many other pharmaceutical products. This might lead to less funding for vaccine research
and development. 1n 2000, $26.4 billion was spent world-wide for pharmaceutical
research. Of that money $22.4 billion was spent in the United States. While the absolute
figure for pharmaceutical spending is much larger, the market for all pharmaceutical is
much larger than the market for vaccines. General pharmaceutical research spending was
approximately 20% of all sales. Thisisroughly the same percentage of vaccine sales that
is spent for vaccine research.

Further, the government also plays a large role in all pharmaceutical research. The
NIH allocates about 60% of its funds to basic research, with the remainder going to clinical
trial. While it is hard to estimate the contribution of the basic research funds to
pharmaceutical R& D, an estimate of the share for direct involvement can be obtained. In
1988, the NIIH contributed an estimated 14% of all funding for preclinical pharmaceutical
R& D. Eleven percent of clinical trial costs were funding by the NIH in that same time
period. (CRS-19)
Critical Issues. The level of R&D expenditures generated by private funding appears to
be stable and may even have increased in very recent years. Most of the R&D is directed
to projects whose purpose is to discover vaccines against new indicators and combination
vaccines. While discoveriesin either category may increase entry, those of the former
variety create new markets and those of the latter tend to replace existing production.
These are positive outcomes but do not generally increase the number of playersin any

specific vaccine market.
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VI. REASONS FOR SMALL NUMBER OF SUPPLIERS

The purpose of this section is to attempt to use concepts of economic analysis along
with antidotal evidence to tie the information presented above to possible reasons for the
existence of small numbers of suppliersin most vaccine markets. The tables presented in
the prior sections of this paper present a somewhat confusing picture. Thetotal list of
vaccine producersis long and there is significant entry of firms producing or testing new
vaccines. On the other hand, most of the vaccines being produced are not substitutable and
are effective against only one indicator. Similarly, combination vaccines have only limited
substitution possibilities with single indicator vaccines or other combination vaccines. In
fact they often replace rather than substitute for existing vaccines. The level of substitution
also may be limited among producers because often the same company that producesthe
combination vaccine produces the individual indicator ingredients. The result isthat many
vaccines distributed in the US have only one or avery small number of producers. We
showed in Table VI that several childhood vaccines had a single source of supply in the
US. Furthermore, most US producers provide only limited supply to the international
market from their US plants. Similarly, foreign producers export only limited supply to
the US market from their foreign plants. It has been estimated that over 60% of DTPis
produced in the same country in which it isused. (Vaccine Demand and Supply) Clearly
the limited number of suppliers and the recent withdrawal of some from certain marketsis
asignificant factor in the recent shortages

A number of reasons have been espoused for the small number of suppliersin the US
childhood vaccine markets. These generally are encompassed within various aspects of the

cost structure of the vaccine production relative to the size of the US market. Grabowski
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and Vernon break this into four factors: regulation costs, liability costs, R & D and low
risk adjusted returns relative other pharmaceutical products. (Grabowski and Vernon
(1997), 7) Inthis section we will discuss the cost structure of vaccine production. This
must be qualified with the statement that we have no cost datathat would permit a detailed
estimation of cost functions. Therefore, this discussion is necessarily based on limit
information reported by others; some of the results relate specifically to vaccine
production; other information is developed from similarities of vaccine production to the
production of other pharmaceuticals; some information is totally anecdotal in nature.
Finally, some of the conjectures we make are based on statements by industry

representatives.

Vaccines Production Has High Fixed Costs

The costs in the pharmaceutical industry are comprised of very high fixed costs.
Total costsinclude R & D, codsrelated to the regulatory approval process, ongoing
regulatory costs, plant costs including depreciation, marketing costs, variable labor,
production, equipment and supplies, and liability costs. Grabowski and Vernon estimated
that the R & D and regulatory approval process generated an average of 11 years of
negative cash flow in the “new chemical entities (NCE) introduced in the US
pharmaceutical industry over the 1980-1984 period. DiMassi et a (1991) estimated mean
out of pocket cost of successful NCEsto be $32 million in 1987 dollars.(p.17) If
discovery, clinical testing and failure costs are included DiMassi et a estimate average out
of pocket coststo be $115 million (1987) for the NCEs in their survey. Capitalizing time

and interest cogs into these estimates results in an estimated cost of $231 million
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(1987).(p. 20) Grabowski and Vernon (1997) indicate that this is over $300 million in
1997 dollars for the introduction of aNEC.

The estimates of bringing a NCE to market are well within the |lOM estimates of
$20-50 million for bringing eight vaccines to market. (Reported in Grabowski and Vernon
(1997), p. 20) There are at least two ways in which the cost of developing and bringing a
vaccine to market differ from that of the pharmaceuticals. First, the success rates for
vaccines may be greater than for pharmaceuticals. However, two of the studies projected
high success rates while many of the biologics were till subject to development and
testing and were not yet marketable. (Grabowski and Vernon (1997), p. 20-21)

Grabowski and Vernon conclude that overall “there is some basis for expecting that
recombinant vaccines are characterized by higher success rates and faster development
times as compared with new chemical entities.” (p.25.)

Vaccines require both a product license (PLA) and an establishment license (ELA)
while NCEs require only the former. The ELA certifies that the facilities, equipment and
personnel involved in the manufacturing process meet FDA standards and Good
Manufacturing Practices. In addition, once in production, each “batch” must be tested and
approved prior to release. This batch approval is not required of pharmaceuticals. Asa
part of the initial approval process the FDA recommends that the phase |11 clinical trials be
produced in acommercial production facility that will be used for commercial production
if the biologic is approved. Grabowski and Vernon report that this requires an investment
often greater than $30 million in plant before the product is approved. (p. 27) Bader
estimates that this could result in the cost of bringing a biologic to market being as much as

$25 million more than that of a pharmaceutical. (Reported in Grabowski and Vernon
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(1997)) In addition to requiring that this investment be made up front, production facilities
for biologics tend to be more capital intensive than those of NCEs. The combination of
these factors results in many vaccines not only being produced by one company but also
being produced in one large-scale plant.

The production process for vaccines, once approved, also is characterized as having
high fixed cost relative to variable costs. Mercer (2002) states that fixed production costs,
exclusive of up-front R & D and sales labor, comprise 60% of total production costs.
(Mercer (2002)) These are coststhat aretotally invariant to changes in output. The major
fixed production costs are personal devoted to quality assurance activities, administrative
labor, depreciation, and other manufacturing overhead. Industry representatives indicated
that in recent years QA employees have been growing relative to production employees as
aresult of increased regulatory requirements. (Statements at May |OM meeting in
Washington)

Mercer (2002) estimates that semi variable costs comprise 25% of total costs
excluding R & D and sales labor. Semi variable costs are batch costs that are constant per
batch regardless of the number of batches. (Mercer, 2002) Specific examples of batch
costs are labor for production and testing and animals used for testing.

The remaining variable costs account for 15% of total costs. Examples of variable

costs are vials, stoppers, labels, packaging and in-source components.

Critical Issue: Vaccine production involves very large front loaded R&D and regulatory

costs, the latter of which continue into the ongoing production process. The production

process also is very capital intensive and involves semi fixed costs due to the “batch”
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process. These high fixed costs generate a Situation in which marginal cost are below
average costs, and probably significantly lower that average costs throughout the relevant

range of production output.

Costs and Entry

Our focus now turns to the ties between the cost structure of the vaccine industry
and entry and exit. The vaccine industry clearly exhibits economies of scale in the sense
that costs per dose are extremely sensitive to volume. Therefore, it is not surprising that
most vaccine markets seem to have a common life cycle. The tables presented earlier in
this report reveal that a substantial number of firms generally are involved in the early
stages of discovery and development of new vaccine products. More than one firm usually
has been licensed to produce most vaccines in the early period following regulatory
approval. Asthe markets for specific vaccines mature, the number of firms continuing to
hold licenses declines and the number marketing the vaccines often declines to one firm.

Various scenarios can explain the mechanics of the decline in the number of firms
in markets characterized with coststhat decline substantially with increases in volume.
Ideal to an analysis of this nature would be the availability of actual producer cost data that
would enable the estimation of cost functions from which minimum efficient scale could
be determined. Then it might be possible to determine with reliable levels of statistical
confidence the number of firms the vaccine markets can efficiently accommodate. We
state again that we do not have empirical datato validate the scenarios we describe.
However, market outcomes provide validation of some of our conjectures. First, it is
construed by many researchers in this area that domestic vaccine markets (particularly the

US market for childhood vaccines) are small relative to the extent of economies of scale.
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Let us assume that all firms producing a vaccine for a specific indicator have equal market
shares. Any one firmthat is able to increase doses sold, can price the product below that
of the now smaller producer, thereby further increasing its ability to reduce price and
further enhance market share. Examples of conditions that might permit a firm to increase
market share include superior product quality and delivery systems. Alternatively, afirm
may preemptively reduce prices hoping to gain first mover advantages.

Cost conditions we have described are consistent with there being a low probability
of entry of new firms in established vaccine markets. Even if new firms can avoid some of
the front loaded R & D cogts, existing producers can price very low because MC are
extremely low relativeto AC. Obviously existing firms have an incentive to adjust prices
to deter entry. Therefore, even in the absence of datato conduct an extensive cost analysis,
there is ample antidotal evidence along with actual market outcomes, to draw the
conclusion that economies of scale resulting from very high front loaded costs and high
production fixed costs provide a substantial barrier to entry of new firms and a pricing
behavior that encourages exit as soon as one of the small number of producers establishes a

clear market lead.

Critical Issues. Even though multiple firms may be involved in the production of some
specific vaccines early in the history of the vaccine, the cost structures of vaccine markets
supports a process in which: entry of new firms into existing markets is not likely and exit
of existing firmsis likely, with a life cycle that results in monopoly or near monopoly

markets.
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Market Size, Growth, and Returns: Vaccines v. Pharmaceuticals

An important question to address as we continue our focus on costs and single and
dual producer markets, is why so many vaccine product markets have a life cycle of
gravitating to avery small number of producers, many as few as one, while the same
behavior does not appear to be as likely in markets for other pharmaceutical product.
Grabowski and Vernon report that costs of getting products to market are similar for both
types of products and with new recombinant development processes may actually be lower
for vaccines. (Grabowski and Vernon (1997), 24). We believe there are two very
important differences that explain the different market structures. market size and pricing

behavior.

a. Market Size and Growth

Mercer (2002) estimates the global market for vaccines (childhood and adult) to be
$6B and growing at approximately 10% per year since 1992. (Mercer, 2002). Adult
vaccines account for less than 30% of the global market while basic and new pediatric
vaccines account for the remainder. The US market issmall. In fact total sales of
childhood vaccines in the US are surpassed by the sales of a single major pharmaceutical
product such as Prilosec. Mercer (2002) contends that US multinationals have high costs
relative to European multinationals because the former produce in the vicinity of 100
million 