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Foreword

The National Blood Authority (NBA) has the responsibility under the National Blood Agreement
to undertake a range of functions including supply planning, the management and negotiation of
product supply arrangements as well as the provision of information on the national blood

supply.

Since we commenced in 2003, we have been progressively undertaking research, analysis and
national and international benchmarking on the supply, use and cost of all the blood and blood
products we supply into the Australian Healthcare System. This work is critical for our business
activities like the CSL Plasma Products Agreement (PPA) negotiation which the NBA conducted
in 2004, our recent tender for imported products, as well as for ongoing supply planning and
demand forecasting. As we develop our capabilities, it will also be important to support both
national and jurisdictional blood sector reform initiatives.

Most recently there has been considerable public interest in the Plasma Fractionation Review
being conducted under the auspices of the US/Australia Free Trade Agreement (FTA) by the
Australian Government. There is now the opportunity for the NBA to put the data and
information contained in this paper in the public domain to provide an informed perspective and
reliable information.

The purpose of this paper is therefore to facilitate a better understanding of the supply and use
of plasma products in Australia in the international context of the global plasma fractionation
industry.

The NBA would welcome feedback on this paper from stakeholders in the Blood Sector in
Australia and overseas.

Alison Turner
Chief Executive Officer and
General Manager
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Blood components and their collection

Fresh blood contains red blood cells, white cells and platelets suspended in a
straw coloured liquid known as plasma. When a blood donor gives blood they
normally provide this as a whole blood donation and historically this whole blood
has been used to transfuse patients suffering from blood loss or other disorders.

While whole blood transfusions are still used in certain circumstances today, it is
a more generally accepted practice to administer the separated, concentrated
components of blood as these can be stored for longer and delivered more
rapidly than whole blood. The separation of these components is achieved in a
laboratory by simple procedures such as centrifugation or filtration. In Australia
this procedure is performed by the Australian Red Cross Blood Service (ARCBS)
on behalf of all Australian Governments. The ARCBS retains the cellular
components and a small amount of the plasma for distribution to hospitals and
clinics. The bulk of the plasma is however frozen and shipped to a “plasma
fractionator” for further separation into individual plasma products. In Australia
this plasma fractionation is currently performed by CSL Limited under a contract
with the National Blood Authority on behalf of all Australian Governments.

More recently, an alternative procedure to whole blood collection has been
developed in which the red cells, the platelets or the plasma can be selectively
collected from donor. This procedure is known as “apheresis” and requires the
use of a machine that removes the desired component from the blood while
returning the remaining components directly back to the donor. The procedure is
relatively expensive when compared to whole blood collection and is more time
consuming for the donors. It does however enable larger quantities of the desired
component to be collected more frequently from each donor and is therefore
favoured by the commercial plasma collection organizations overseas. In
Australia there is relatively limited use of apheresis to harvest either plasma or
platelets.

Plasma Fractionation

The plasma component of blood contains a large number of proteins, each of
which performs a different role within the blood. Work conducted in the late
1930s by Dr Edwin Cohn and associates at Harvard University established a
process by which the major proteins within plasma could be selectively
precipitated using variations in the concentration of ethanol, salt, temperature and
pH. This process, known as the Cohn Process, remains today as the most
commonly used method for the fractionation of plasma and most manufacturers
use the Cohn Process or variations of it.

There have been a number of alternative processes developed for the
fractionation of plasma but only one of these has been implemented on an
industrial scale. This is the Chromatographic Process developed by John Curling
and associates in Sweden in the late 1970s. CSL developed its own
chromatographic process and installed it into the CSL plant at Broadmeadows in
Victoria. The process relies on the separation of the plasma proteins based on
their size and charge, rather than their solubility. Such chromatographic
processes are routinely used throughout the biotechnology industry and enable
high levels of purification to be obtained in a consistent manner.




Despite the advantages of chromatographic processes, the immense sunk cost of
the Cohn-based plants of the traditional manufacturers has meant that new or
improved manufacturing processes retain the existing Cohn spine and
incorporate chromatographic steps only in the latter stages of the new process.

Of critical importance in the manufacturing of plasma products over the last
twenty years has been the incorporation of procedures that either eliminate or
destroy viral pathogens. Most manufacturers have now incorporated viral
reduction procedures into their manufacturing processes and have completed
studies that confirm that the possibility of a viral transmission to a patient using
these products is exceptionally small. When combined with the high sensitivity
donor screening and plasma quarantining procedures now in place in all
developed countries, these manufacturing procedures result in a close to zero
risk of viral transmission to the recipients of plasma products.

Plasma Products and their Use

The products most commonly isolated from plasma are shown in Table 1 below,
along with their standard formulations and clinical indications. Of these, albumin,
immunoglobulin and the coagulation factors, Factor VIII and Factor IX are the
products of major therapeutic value and these are discussed in detail below.

Albumin is predominantly used to replace blood or fluid lost by a patient following
trauma, such as a car accident or from burns, or in the hospital from procedures
such as surgery or the exchange of a patient’s plasma. In the absence of albumin
replacement therapy the blood volume of the patient is insufficient to carry
oxygen to all of the tissues.

Immunoglobulins, or antibodies as they are sometimes called, are one of the
most important mechanisms the body has to protect itself against infections.
These proteins bind to foreign substances, such as bacteria and viruses, causing
them to be inactivated and subsequently cleared from the body. People lacking
immunoglobulins cannot fight these infections and as a consequence are more
prone to serious infection. The use of immunoglobulin concentrates enables
replacement of the patient's missing immunoglobulins and therefore provides
protection against these foreign substances.

Depleted levels of immunoglobulin can be congenitally acquired or may result as
a consequence of treatment of another disease, such as the use of
chemotherapy to treat cancer. In addition, immunoglobulins have more recently
found considerable utility in the treatment of various neurological diseases, such
as Guillain-Barré syndrome, where the body’s own immune system attacks
peripheral nerves, leading to paralysis of the patient. It is still unclear how
immunoglobulin concentrates are effective in the treatment of these diseases but
there is now a growing body of evidence which supports their use in this diverse
range of neurological disorders.

The coagulation factors, Factor VIII and Factor IX are essential components of
the blood clotting cascade and without these proteins people cannot effectively
stop bleeding. The condition is known as haemophilia A when Factor VIl is
lacking and haemophilia B when Factor IX is lacking and these conditions are
normally congenital. Bleeding occurs not only externally but also into enclosed
spaces in the body, such as the joints. Patients therefore not only run the risk of
dying from blood loss, but also face the prospect of being painfully crippled by
this condition. Prior to the availability of plasma concentrates the life expectancy
of people with haemophilia was short. The administration of Factor VIII and
Factor IX concentrates, to levels as low as 1% of the normal level, has however
prevented the progression of the disease and prophylactic administration can
allow these people to enjoy full, healthy lives.




An NBA survey of 9 developed countries conducted in 2005 revealed that on
average 11% of the plasma was collected by plasmapheresis. As shown in Table
4 below, Australia fell in the middle of this range with 14% of the total plasma
collected by this procedure, but had in fact the third highest proportion, only
exceeded by the Netherlands (31%) and the USA Blood Systems (25%), and well
ahead of Ireland (4%), Switzerland (5%) and Canada (5%). More recently,
information obtained by the NBA indicates that the use of plasmapheresis in
these countries is either stable or in fact declining. The reason for this is unclear
but may be related to the cost of the process or the difficulty in attracting donors.
In Australia, the ratio of plasma collected by whole blood and apheresis
techniques has been constant over the last two years in line with the trend seen
overseas.

Table 4 - Collection Method and Growth in Apheresis, 2003-04 and 2004-05

2003-04 2004-05

Country Whole Blood Apheresis Whole Blood Apheresis
Netherlands 69% 31% 68% 32%
US Blood Systems 75% 25% 71% 29%
Australia 86% 14% 86% 14%
Canada 95% 5% 94% 6%
New Zealand 90% 10% 94% 6%
Quebec 96% 4% 95% 5%
Switzerland 95% 5% 95% 5%
Ireland 96% 4% 96% 4%
Finland 99% 1% 99% 1%
Average 89% 11% 89% 11%

Source: NBA data on file

Plasma Product Production

The quantity of each protein that can be isolated from a litre of plasma depends
upon the amount of that protein in the plasma and the yield of the process used
to extract it. Since the clinical demand for some individual plasma products is
variable or increasing at an unpredictable rate, in some cases supply does not
match demand. In Australia, where there has been a commitment to self-
sufficiency in plasma products, plasma collection has generally been targeted
towards meeting the needs for the product most in demand and this in turn has
led to Australia having the potential to produce some plasma products in surplus.
Excess product production generally does not occur however, as CSL
manufactures products to pre-arranged and agreed quotas which, since 1994
have been governed by arrangements between CSL and the Commonwealth of
Australia.

The first of these agreements, called the Plasma Fractionation Agreement,
covered the period between 1994 and 2004. A second agreement, called the
Plasma Products Agreement, was signed in December 2004 by the NBA on
behalf of all Australian governments and covered the period from January 2005
to December 2009.

Factors that affect the quantities of products required and produced vary with
time but include changes in clinical indications and demographics, the
introduction of alternative therapeutics, changes in perceived risks of blood
products and modifications to the manufacturing processes. Thus, even though
the products are derived from a single source, namely plasma, the products
produced are subject to individual variations in supply and demand. Therefore
each product needs to be addressed separately, as presented below.
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Albumin

Albumin Supply and Demand Internationally

Albumin is the most abundant protein in plasma and over 400 tonnes of the
product are produced each year around the world. For a number of years there
has been a significant international over-supply of albumin with considerable
quantities in surplus and product being sold to developing nations at depressed
prices. This oversupply situation was exacerbated by the publication of the
Cochrane Report in 1998, which linked albumin use to increased mortality in the
intensive care environment and caused a decline in international demand for
albumin. This decline is shown in the supply of albumin presented below in
Figure 3.

More recently however production of albumin by the major commercial
manufacturers in the developed world has been curtailed, and this has resulted in
a correction in the balance between supply and demand and a return of albumin
pricing to historical levels. Compounding this change is the burgeoning demand
for albumin in China. China has 34 plasma fractionation facilities, but the quality
of the albumin produced is questionable and there has been strong demand for
high quality imported product. The NBA understands that over the last 18 months
China has imported significant quantities of albumin from commercial
fractionators. This demand is likely to continue for the foreseeable future as the
capacity of the Chinese plants to produce quality product is likely to remain
limited.

Figure 3 Worldwide Albumin Supply
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Albumin Production in Australia

In Australia the amount of albumin issued per annum over the period 1994-95 to
2004-5 has increased by an average annual growth rate of ca. 1.4%, as shown in
Figure 4, although in the last five years this value has been higher at ca. 2.3%. In
contrast, the growth in plasma collections has been ca. 6% per annum over the
same period and if all of this plasma had been converted into product then
Australia would have accumulated a substantial excess of albumin over
requirements. Recognizing this situation CSL was instructed to limit the
production of albumin from 1999-00 onward in order to balance supply with
demand. As a consequence of this policy the latest data from 2004-05 indicates
that Australia can meet demand for albumin by converting only about 60% of the
available plasma into finished albumin product.
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Australia also holds limited quantities of albumin in various locations around the
country and this National Reserve is available at short notice should there be a
sudden change in demand created by a national emergency.

Figure 4 Albumin Issue in Australia
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Clinical Drivers for Albumin Usage

A number of factors have affected the use of albumin in Australia and overseas.
Firstly, there are various synthetic products which can be used as alternatives to
albumin. Although there is considerable professional debate over the merits of
these alternative products their availability has created more choice and hence
eroded albumin usage. In addition, these products are less expensive than
albumin and this factor is also likely to have had some influence on the use of
albumin in Australia. Another significant factor which has influenced the use of
albumin was the publication of the Cochrane Report in 1998. This report raised
the same concerns in Australia as it did overseas. The findings of this report have
now been questioned and a more recent trial conducted in Australia, called the
SAFE Trial, has shown no difference in mortality profile between the locally
manufactured albumin product, Albumex® and a saline volume expander in
intensive care situations.

Intravenous Immunoglobulin
Intravenous Immunoglobulin Supply and Demand Internationally

Intravenous immunoglobulin (IVIg) is the market driver for the plasma industry in
the developed world with over 70 clinical indications where some evidence exists
for its utility. This growth in the number of indications for IVIg resulted in a
significant amount of “off-label” use of the product, particularly in the USA, and as
a consequence of this increased demand there were severe product shortages in
the late 1990’'s. In addition to this “off-label” use, the FDA temporarily shut down
a number of production sites in the USA due to regulatory non-compliance issues
and this exacerbated the supply problems. Due to the imbalance created
between supply and demand for the product the prices paid for IVIg rose
dramatically in the late 1990's making it attractive for European manufactured
product to enter the USA market.
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This crisis in supply of IVIg in America was gradually resolved when the Health
Maintenance Organizations (HMOSs), in compliance with the FDA and US
Surgeon General recommendations, restricted “off-label” use for 1VIg and the
plants closed by the FDA met regulatory requirements and began releasing
product. In addition new players entered the market, including CSL which,
through its ZLB facility in Bern, grew market share through highly competitive
pricing policies. The end result of these activities was that the price for IVIg in the
USA declined significantly in the early 2000s.

In response to an oversupply of plasma and IVIg around 2002-03, many
manufacturers reduced their manufacturing capacity and closed commercial
plasma centers. For example one company had over 100 plasma collection
centers in 2002, but only 61 in 2005. In response to tightening supply in late 2005
and increasing prices, manufacturers are now increasing plasma collections and
manufacturing output. The growth in worldwide supply for IVIg between 1986 and
2004 is shown in Figure 5.

The products produced by most manufacturers have shifted in the last decade
from dried products to liquid formulations of between 5% and 12% as these are
more conveniently delivered to patients. In addition some manufacturers have
now introduced product that can be administered subcutaneously since this
allows chronic patients to administer the product themselves rather than having
to visit a hospital or clinic for their treatment.

Figure 5: Worldwide supply of Intravenous Immunoglobulin
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Intravenous Immunoglobulin Production in Australia

Prior to 1999 CSL produced a 6% liquid IVIg called Intragam®. This product was
manufactured using a Cohn based process. In 1999-00 however CSL introduced
a new chromatographically purified 6% IVIg preparation, called Intragam®P. This
product not only had improved specifications over Intragam® but also delivered a
higher yield of product from each liter of plasma processed. This increase in
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product yield is reflected in the increase in the quantity of IVIg issued from 1999-
00 onwards, as shown in Figure 6 below.

As far as the NBA can ascertain, all of the plasma made available for
fractionation by the ARCBS from 1994-05 to 2004-05 was converted into the IVIg
product and issued with only a small amount being diverted for the manufacture
of the 16% intramuscular Normal immunoglobulin.

Figure 6 IVIg Issue in Australia
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The average of the annual growth rates of IVIg product issued in Australia from
1994-95 to 2004-05 was 14.8%. However this growth rate has been erratic,
ranging from as low as 0.2% in 1997-98 to as high as 37% in 1995-96,
suggesting that a number of factors are influencing the supply and use of 1VIg in
Australia.

Clinical Drivers for Intravenous Immunoglobulin

Growth in demand for IVIg in Australia has largely mirrored the demand profile in
the USA. As noted above, there are now at least 70 clinical indications where
intravenous immunoglobulin has been reported to have been of some therapeutic
value. Amongst these, Primary Immunodeficiency (PID), Idiopathic
Thrombocytopenic Purpura (ITP), Kawasaki Disease and Lymphoproliferative
Disorders have clear and unambiguous evidence for clinical efficacy. A number of
the other indications however lack rigorous clinical trial data and in fact in some
cases there would appear to be little evidence-based support for the use of IVIg.

The situation in Australia is however different from the USA in that all blood
products, including IVIlg, are issued free of charge to hospitals and clinics.
Imported product has, until recently, not been routinely funded by the
Government. In Australia, the supply of 1VIg has to a large extent been restricted
by the availability of domestic plasma from the ARCBS. All IVIg produced in
Australia has been consumed during this period and supply shortages have been
reported from time to time. This would suggest that usage of product might have
been higher had more product been available. Some products have been
imported since at least 1999-2000 to provide contingency stocks as there has
been no domestic surplus.
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The shortages of product that occurred in Australia in the late 1990’s catalyzed a
review of the use of IVIg in Australia by the Blood and Blood Products Committee
of the Australian Health Ministers Advisory Council (AHMAC). This review made
a number of recommendations relating to the use, distribution and supply target
levels for IVIg. Clinical guidelines were revised and conditions classified into
three groups based on clear evidence of patient benefit. The report also
recommended that the supply of IVIg should be increased through a combination
of increasing the amount of plasma collected and enhancing the importation of
alternative 1VIg products. Acting on this and with the agreement of all
governments, the NBA negotiated a standing offer for imported IVIg in 2004. This
has resulted in imported product now being available to meet the supply plans of
all jurisdictions and the clinical needs of patients on a more secure basis and at
greatly reduced price to previous arrangements.

Coagulation Factors VIl and IX
Factor VIIl and IX Supply and Demand Internationally

The treatment of haemophilia A and B with Factor VIII and Factor IX respectively
has traditionally been one of the primary reasons for the collection and
fractionation of plasma. While the administration of these concentrates had an
immense positive influence on the management of these conditions it also
unwittingly resulted in the transmission of viral diseases to the patients. In the
1980’s both HIV and HCV were transmitted to recipients of these concentrates
and, although the industry as a whole was quick to respond with appropriate viral
inactivation procedures, many people with haemophilia became infected. As a
consequence of this the Haemophilia Societies around the world mounted highly
effective campaigns to replace plasma derived Factor VIl and IX with products
produced using recombinant DNA technology.

Recombinant DNA Factor VIII (r-FVIII) was introduced in 1993 in the US and
although uptake was initially slow due to high pricing, the product now commands
around 86% of the Factor VIII USA market. Similar trends have been seen in
other countries around the world and several European countries now support
total r-DNA Factor VIII therapy for all nationals with haemophilia A. Despite the
availability and significant growth of r-DNA Factor VIII the use of plasma derived
Factor VIl has not declined over the last decade. This is due predominantly to
the uptake of these products in the developing world where however most of the
haemophilia A patients still remain untreated. However, there are situations
where some clinicians prefer the use of plasma derived FVIII such as the
tolerisation of patients. The trends in demand for plasma derived and
recombinant Factor VIII are show in Figure 7 below.

Figure 7 Worldwide supply of Factor VIl
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Recombinant Factor I1X (r-Factor IX) was released onto the USA market in 1997
and now is used to treat about 81% of the haemophilia B patients in the USA.
This trend has been mirrored in other developed countries, although Europe
continues to use significant quantities of plasma derived Factor IX, and
developing countries are also increasing usage of Factor IX products. These

trends are shown in Figure 8.

Figure 8 Worldwide supply of Factor IX
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Coagulation Factors Production in Australia

The quantity of Factor VIl issued in Australia between 1994-95 and 2004-05 are
shown in Figure 9. A number of complex issues underpin this data and these are
summarized below. Firstly, up until 2003 there was a steady increase in the
supply of AHF (HP), an intermediate purity plasma derived Factor VIII product
manufactured by CSL. Secondly, the introduction of Biostate®, the new high
purity Factor VIII product released by CSL in 2003, resulted in a decrease in the
supply of plasma derived Factor VIII. This was caused by the incorporation of a
second viral inactivation step which resulted in a lower overall yield in the
manufacturing process.

In addition, in 2003 the Working Party of the Blood and Blood Products
Committee of AHMAC recommended that Australia achieve a national supply
target of 3.75 IU per head of population. To achieve this, the Committee
recommended that the availability of r-Factor VIII be increased to meet a target of
85% of use by 2004. The Committee also established an order of priority for the
use of r-Factor VIII by patients and proposed that once newly diagnosed patients
were treated with recombinant products, this practice should continue. Acting on
this, the Commonwealth Government announced in August 2004 that sufficient
funds would be made available to ensure that all people with haemophilia in
Australia could have access to r-Factor VIII and r-Factor IX products. The impact
of this decision on the amount of r-Factor VIl issued in 2004-05 can be seen in
Figure 9. Figure 9 also illustrates that over the period between 1994-95 and
2004-05 the total supply of Factor VIII to the haemophilia community in Australia
increased by an average annual rate of 12.1%.pa.
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Figure 9 Factor VIIl in Australia
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In 2004-05 Australia issued 4.7 IU of Factor VIII per head of population, well
above the recommended target figure of 3.75 U per capita. This figure is forecast
to increase to 5.0 U per capita in 2005-06. To put this in context, in 2000 Canada
issued 4.4 IU per capita, all of which was recombinant product, while the USA
issued 3.4 U per capita, of which 75% was recombinant product. Sweden has
traditionally been the heaviest consumer of Factor VIII and data from 1998
indicates a usage rate of 6.5 IU per capita, of which 50% was recombinant
product. More recent data from the Global Survey conducted by the World
Federation of Hemophilia in 2004 indicates that in the developed world an
average of 5.3 IU/capita was provided. Thus Australia now supplies levels of
Factor VIl per head of population comparable with the rest of the developed
world.

Given the demand in Australia for recombinant product it was predicted that
Australia’s capacity to supply Biostate® would exceed demand. However a
recent ruling by the TGA has significantly increased restrictions on the donors
from whom plasma can be collected for Biostate® production, limiting plasma
donations to persons who have never traveled outside of Australia and New
Zealand. The impact of these new regulations on the capacity of Australia to
supply adequate amounts of plasma derived Factor VIII remains to be
determined.

The supply of Factor IX products in Australia has always exceeded demand and
the transition to r-Factor I1X is based largely on safety arguments rather than any
considerations of shortage of this product from plasma. In 2004-05 Australia
issued 15.4 million total units of Factor IX of which 62% was recombinant
product. This represents 0.8IU of Factor IX per head of population, slightly above
the recommended level of 0.71U of Factor IX per head of population made in
2003 by the Working Party of the Blood and Blood Products Committee of
AHMAC.
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Clinical Drivers for Factors VIIl and IX

The major factors driving the demand for Factor VIII and Factor IX are related to
the improvements already occurring with both the quality of treatment and life
expectancy of people with haemophilia. Factors driving strong growth include:

» A longer lifespan of patients due to fewer cranial bleeds and other
debilitating conditions.

» Increased weight gain of patients requiring more product.

» Increase product use for medical and surgical conditions associated with
an ageing population, such as hip and knee replacements.

» Prophylactic treatment of many people with haemophilia, which typically
uses about three times the amount of product compared to treatment on
demand.

» Increased numbers of people with haemophilia (about 25 cases pa), well
in excess of death rates.

In addition to its use in the treatment of haemophilia A, Biostate® is also reported
to be used off-label as a replacement therapy for von Willebrand Disease (VWD).
This is because, unlike the recombinant Factors VIII products, Biostate® is a
complex of Factor VIII and its natural carrier, von Willebrand Factor. Severe vWD
is very rare but mild forms of this disease are common with ca. 1% of the
population estimated to have the condition. Most of these patients go
undiagnosed and untreated.

Hyper-immune Immunoglobulin Products
Hyper-immune Immunoglobulin Supply and Demand Internationally

Hyper-immune immunoglobulin products are manufactured from donors who
have acquired a high level of a particular type of immunoglobulin either through
accidental exposure or through deliberate immunization. For example, individuals
who have recovered from hepatitis B infection or have been immunized against
hepatitis B with a vaccine will have high levels of immunoglobulin that will react
with and neutralize the hepatitis B virus before it can inflict any damage on the
individual. A preparation of immunoglobulin prepared from a blood donor with
such an elevated level of anti-hepatitis B immunoglobulin can be given to a
non-immunized person and afford “passive” protection against hepatitis B.

Historically there have been many different hyper-immune products produced,
including preparations against measles, mumps, smallpox, etc., but these are
generally no longer made as other cheaper or more effective therapies, such as
vaccination, have become available. In addition, the demand for hyper-immune
products varies significantly around the world and depends upon the disease
profile of the region and clinical practice. For example, Australia has no
requirement for a rabies hyper-immune product as the disease is not present in
Australia, but in other parts of the world such as America and Asia the disease is
widespread and there is a strong demand.

Hyper-immune immunoglobulin products are generally regarded as specialty
products and most of the major fractionators have either never produced them or
have discontinued production, preferring to concentrate on the economies of
scale that can be achieved with their major product range. The reasons for this
are:
» Hyper-immune plasma is expensive and difficult to obtain since donors
with high titres are rare and often reluctant to donate.
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» Due to the expense and rarity of the plasma, production batches are
small, ranging from as little as 200L per production run. For this reason
separate, small-scale production plants are required, incurring additional
capital cost and making operating expenses high per litre of plasma
processed.

» Additional cost is also incurred because of the specialist assays required
for Quality Control.

» The products require niche marketing which adds further to the cost of the
products.

The production and supply of hyper-immune products has therefore been largely
left to specialist hyper-immune producers such as Cangene, NABI and Life
Therapeutics but even these producers do not necessarily manufacture a full
range of hyper-immune products. Thus the CSL Broadmeadows facility is
unusual in being a producer of hyper-immune products.

Hyper-immune Production in Australia

CSL manufactures a range of these hyper-immune immunoglobulin products and
these are shown in Table 5 below.

Table 5 - Hyper-immune Immunoglobulin Products Manufactured by CSL

Product Formulation Package Size Use
Hepatitis B 16% 100 U, 400I1U Prevention and treatment of Hepatitis B
liquid infection
Cytomegolovirus (CMV) 6% 1.5 million 1U Prevention and treatment of CMV
liquid infection in bone marrow, renal, cardiac
and liver transplant recipients
Tetanus 16%, 6% 250 IU, 4000 1U Prevention and treatment of tetanus
liquid infection
Zoster 16% 200 IU Prevention and treatment of chicken
liquid pox
Rh(D) 16% 250 1U, 625 IU Prevention of Rh (D) sensitization in Rh
liquid (D) negative females at or below child
bearing age.
Normal 16% 2mL, 5mL Hypogammaglobulinaemia, multiple
liquid myeloma, leukemia, nephrosis and the

Source: NBA data on file

protection against hepatitis A, measles
and poliomyelitis

These products are manufactured in a small plant within the CSL facility at
Broadmeadows using the traditional Cohn Process. The yields of these products
are low relative to the Intragam® P process, but for all but one of these products
the supply is adequate to meet Australian demand. The exception to this to date
has been the Rh (D) hyperimmune product as shown in Table 6 below.
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Table 6 — Hyper-immune Immunoglobulin Plasma collection and Product
Issue in Australia

1994-95  1995-96 1996-97 1997-98 1998-99 1999-00 2003-04 2004-05
Plasma 1.9 1.7 1.6 15 2.2 2.2
Rh(D) (kg x
1000)
Other (kg x 1000) 8.2 10.7 13.3 15.9 18.8 22.2
(Hep B, CMV,
Tetanus, Zoster)
Rh(D) Issue 15.3 25.9 34.5 34.8 31.6 40.3
(million 1U)
Imported Rh(D) - - - - 9.6 111
(million 1U)

Source: NBA data on file (Data for 2000-01 through 2002-03 not available)

Rh (D) Hyper-immune Immunoglobulin (Anti-D)

Maintaining an adequate supply of Rh (D) immunoglobulin has always been a
concern in Australia and this was highlighted in 1999 when the NHMRC issued
“Guidelines on the Prophylactic Use of RhD immunoglobulin (Anti-D) in
Obstetrics”. This report suggested ways to balance best practice in the use of
Anti-D with a limited national supply. An update of this report was issued in 2003
and together these reports established that to meet demand for this product it
was necessary to increase collection of Rh (D) plasma and import an Rh (D)
product as an interim measure to ensure adequate supplies. These two initiatives
have alleviated concerns regarding supply of this product and by 2006-2007
Australia will collect and process enough Rh (D) plasma to return to self-
sufficiency, although imported product may still be required for special clinical
needs.

Other Plasma Products Produced in Australia

There are two other products produced by CSL from normal plasma collected by
the ARCBS. These products are Thrombotrol®-VF, which is a preparation of
Antithrombin [ll, and PTX-VF, which is a mixture of Factor Il, Factor IX and X
used to control bleeding in certain difficult circumstances (see Table 2). The
supply of both of these products is sufficient to meet demand currently and in the
foreseeable future.




Projections for Future Use of plasma products

In developing a model for predicting the future demand for plasma products in
Australia a number of factors need to be considered, including:

Demographic changes - population growth and the ageing of the population.
Changing clinical needs and indications.

Changes in illness and disease profile of the population and the
emergence of new illnesses and diseases.

Improvement in the diagnosis of illness and disease.

Development of substitutes to existing blood products and alternative
treatments.

Changing consumer and community expectations about the range of
products and services provided, their safety and quality and access.
Availability of product

Mechanisms which moderate the demand for products such as guidelines
and authorisation processes..

VV VYV VV VY

Since these factors have differing influences on the supply and demand profile of
individual plasma products each major product group will be reviewed separately.

Albumin

The demand for albumin in Australia has been relatively stable for a number of
years with the amount of product issued between 1994-95 and 2004-05
averaging an increase of ca. 1.4% pa, marginally above the population growth of
1.2% pa. The release of the Cochrane Report caused a small drop in demand
between 1998 and 2000 but this has now recovered. The average consumption is
around 208g/1,000 of population.

The trends in albumin usage in North America and Europe from 1992 to 2003 are
shown in Figure 10 below. Both regions experienced a decline in use between
1998 and 2000 associated with the Cochrane Report, similar to that seen in
Australia. In North America usage has largely recovered with the data for 2003
showing only a marginal difference from that of a decade earlier. In Europe
however, there has been a significant decline of nearly 30% in the use of albumin
over the period between 1992 and 2003. . Such long term trends tend to reflect
changes in clinical practice but it is unclear at this stage whether this trend
reflects synthetic product substitution or a change in the treatment of specific
conditions.

Figure 10 Worldwide demand for Albumin by region
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Source: MRB Report: “Worldwide plasma Fractions Market 2004”".
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When considering factors that might affect the usage of albumin in Australia over
the next ten years it should be noted that both of the regions examined above
use over twice the quantity of albumin per head of population compared to
Australia. This difference is probably the result of an historic constriction of supply
in Australia which, although no longer in existence, has tempered the use of
albumin. Furthermore, it is of interest to note that the data currently available for
the year ending 2005-06 shows a surprisingly strong increase in albumin
consumption in Australia, with product issued predicted to rise from 4181 Kg in
2004-05 to 4797 Kg for 2005-06. This represents an increase of 14.7% in one
year and is believed to have resulted from a substantial increase in
cardiopulmonary bypass surgery. Such fluctuations in the demand for albumin
are likely to continue, catalyzed primarily by the additional medical needs of the
ageing population.

There would appear to be two possibilities which could result in the depression of
albumin usage in Australia in the future. The first of these would be demonstrated
proof of the transmission of vCJD via albumin administration and the second
would be a substantial change in medical practice away from albumin use and
towards synthetic substitutes. Neither of these possibilities would appear to be
likely at this stage.

Based on the information currently available it is predicted that in both 2006-07
and 2007-08 the demand for albumin will grow at 10% per annum and then
decline to a rate of 5% pa from 2008-09 to 2014-15, as shown in Figure 11
below. It should be noted that under the current circumstances, albumin is not the
driver for plasma collection in Australia and that there will be sufficient plasma for
albumin production to meet this demand.

Figure 11 Projected Australian Demand for Albumin
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Source: NBA analysis of data on file

Intravenous Immunoglobulin

The growth of IVIg in North America (Canada and the USA) between 1992 and
2005 has averaged 11% pa with more 34,000kg being issued last year. This
represents ca. 103g/1,000 population, making North America by far the largest
user of IVIg in the world. By comparison Europe used ca. 15,831kg in 2003,
which represents only ca.25g/1,000 population. The growth rate for IVIg usage in
Europe since 1992 has been similar to that of North America at ca. 12%.
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IVIg Issued (. g/1000 population)

Australian consumption of IVIg lies between that of North America and Europe
with a rate of 73g of IVIg issued/1,000 population in 2005-06. As noted earlier,
the average of the annual growth rates for IVIg issued in Australia over the last
decade has been 14.8% and, as shown in Figure 12, the rate of IVIg issued/1000
population has seen a corresponding rise.

Figure 12 Australian IVIg Issue in g/1000 population
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Table 7 below presents the usage rates of 1VIg in g/1000 population for a variety
of individual countries and illustrates that the USA is the largest national
consumer, using 105g of IVIg/1000 population. Surprisingly however, the province
of Quebec has experienced even stronger demand, consuming 126g/1000
population in 2005 and demonstrating for others a potential for growth in demand
driven by product promotion, the increasing number of indications for use and the
absence of measures to effectively limit demand. These measures usually relate to
clinical guidelines, financial constraints (at a patient, clinician or hospital level),
effective restrictions of off-label use and peer review of treatment choices and

usage rates.

Table 7 — International Usage Rates for IVIg in 2005

Country/Province

Quebec
USA
Canada
Sweden
Australia
Austria
Belgium
France
New Zealand
Italy
UK
Germany
Netherlands
Japan
China

Source: NBA data on file

Usage Rate (g/1000
population)
126
105
92
81
73
67
67
47
46
40
39
38
35
28
3

24




IVIg Issue (@)

In considering the supply and demand of 1VIlg in Australia over the next decade
considerable effort has been undertaken to analyse both the Australian and
international trends presented above. There is no international consensus on
expected growth rates, but the following factors are generally considered to be
important in predicting future growth internationally

Availability and cost of plasma

Costs of products and national reimbursement policies

Clinician familiarity with using products

Development of products that are easier to use

Development of product that can be administered by other routes e.g.
subcutaneous

Promotion by the industry

Availability of clinical studies supporting/ not supporting use

Identification of conditions where a benefit of IVIg is proven or inferred
Demand modifiers such as clinical guidelines and authorisation
processes.

Demographics, including the growth of a number of treatable conditions in
an ageing population.

YV VVVV VVVVY

How these factors may play out in Australia is impossible to predict with any
accuracy and there are a number of possible growth scenarios. Each of these
scenarios utilizes the data currently available to predict that in 2005-06 a total of
1,708 Kg of IVIg will be issued while in 2006-07 a total of 1,856 Kg will be issued.

Scenario 1: Increasing IVIg Issue by 200 Kg/annum

In this scenario it is assumed that the amount of IVIG issued in Australia every
year after 2006-07 will increase by 200 Kg pa. This scenario assumes that
Australia continues to have mechanisms in place which will constrain the supply
of IVIg, that evidence will emerge supporting uses in most existing and some new
conditions, but that use in some conditions will be demonstrated to be of little
benefit. Under this scenario, as shown in Figure 13, the usage would rise to
ca.153 kg/1000 population by 2014-15, a figure well in excess of current usage of
any country in the world.

Figure 13 IVIg Issue increasing at 200 Kg/annum
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Scenario 2: IVIg Issue at Managed Rates

This scenario assumes that the average year on year growth rates seen in
Australia over the last 10 years of 14.8 % will continue from 2007-8 to 2009-10,
and then the 14.8% will decline by 1% each year between 2010-11 and 2015-16.
As shown in Figure 14 this scenario results in a value of 215g of IVIg being
issued/1000 population by 2014-15, a value even higher than scenario 1.

Figure 14 IVIg Issue at Managed Rates
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Scenario 3: Capping of supply at 120g/1000 population

Both of the scenarios presented above result in very high levels of supply of
IVIg/1000 population when compared to current international levels. A third
alternative would be to restrict supply of IVIg to a level comparable to the current
highest level of international use. As shown in Table 7 a value of ca.120g/1000
population is currently the maximum supply level in the developed world and
Figure 15 shows the impact of this restriction on 1VIg issue.

Figure 15 IVIg Issue capped at 120g/1000 population
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However this scenario is unlikely as there is no evidence to suggest that
international demand will not continue to increase as it has to date.

The amount of plasma needed to supply these scenarios is shown in Figure 16.
These graphs assume vyields of either 4g IVIg/ kg of plasma or 5g IVIg/kg plasma.

Figure 16 Projected Plasma Demand under different scenarios
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In conclusion, there has been strong demand for IVIg in Australia and overseas,
driven by a sustained growth in the number of new clinical indications. This trend
is likely to continue over the next decade. Given that no synthetic substitutes are
likely to emerge and significant improvements in the yield of Intragam® P are
unlikely, Australia will need to either significantly increase the quantity of plasma
available for fractionation and/or import increasing quantities of finished product,
and/or severely restrict growth in demand. Even under the most conservative
growth scenario presented above, and with a high yield of 5g/L, the quantity of
plasma needed to meet this growth would be 543,000L by 2014-15.

Coagulation Factors

The decision made by Australia in August 2004 to provide funds to enable all
patients suffering from haemophilia A and B access to recombinant products has
to a large extent ensured a balance between supply and demand for these
products. It is currently predicted that by the end of 2006 around 85% of the
haemophilia A patients will be receiving recombinant Factor VIII.

There will continue to demand for plasma derived factor VIII for some
haemophilia A patients who prefer to continue with plasma derived products, and
for the treatment of von Willebrand Disease. Currently, demand for vWF therapy
is not strong in Australia as the severe form of this disease is rare.

Latest demand modelling for Factor VIl use over the next decade in Australia is
based on the following assumptions:
» Prophylactic product use will increase at 7.5% pa per capita in the first
three years, then at 5% for the next three years and then remain at 2.5%
for the remaining 4 years.
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» There will be a 5% pa increase in per capita product use for increased
surgery.

» There will be an increase of 0.5% pa in per capita product use associated
with increasing body mass.

» 15% of the total Factor VIII will continue to be plasma derived with the
residual product being r-Factor VIII.

Figure 17 below illustrates the impact of these assumptions on the total
requirement for Factor VIII over the period 2005-06 to 20014-15.

In addition Figure 17 shows the IU of plasma derived and recombinant Factor
VIl over the same period.

Figure 17 Projected demand of plasma demand and recombinant Factor VIl
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From this data the average annual growth rate of Factor VIl issued in Australia is
predicted to be 11.6% over the next decade and Australia will reach 12.0 1U/head
of population by 2014-15.

Hyper-immunes

The production capacity in Australia for Normal, CMV, Tetanus, Hepatitis B or
Zoster hyper-immune immunoglobulins is well in excess of demand for these
products. The current supply meets this demand and there are no new clinical
indications or therapeutic alternatives that are likely to alter this pattern going
forward. Future growth of these products is therefore anticipated to be in line with
population growth.

With the Rh (D) hyper-immune immunoglobulin the shortfall in the domestic
plasma supply is anticipated to be largely overcome by 2006-07 and from then
forward Australia is predicted to be able to collect enough Rh (D) plasma to meet
demand. Furthermore, it is unlikely that there will be a change in the ratio of Rh
(D) positive to Rh (D) negative women in the population and therefore the growth
in demand for this product is forecast to be in line with the birth rate in Australia.
The consequence of these two predictions is that, barring any major
manufacturing failures, the quantities of imported product required in Australia
from 2006-2007 forward is likely to be close to zero.
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