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Glossajy

albumin major protein circulated hi the bloodstream Albumin levels can be

low in malnutrition and in diseases of the kidney and liver Albumin

extracted from blood donations is used in the treatment of wide

variety of medical conditions

antibody protein produced as part of the bodys immune response to

foreign invader Depending on the infectious agent antibodies may

be effective at eliminating foreign invader e.g measles virus or

less effective e.g HIV Hepatitis and hepatitis infection

reactive antibody to virus such as hepatitis virus means that the

person may at some stage have been infected with the virus It does

not necessarily indicate present infection

anti-D preparation of human anti..rhesus antibodies derived from plasma

immunoglobulin of selected donors An important product of plasma fractionation

which is used to prevent rhesus disease of the newborn

anti- An older term used to describe factor VIII

haemophilic

globulin AHG

cellular Constituents of blood in the form of cells eg red cells white cells

constituents platelets

erythrocytes Red cells

factor VIII blood coagulation factor which is cking in people with

haemophilia Factor VIII is protein which is present in trace

quantities in the plasma of normal people e.g accounting for about

parts per million ppm of the total protein present in normal human

plasma

factor IX blood coagulation factor which is lacking in people with

haemophilia

haemostatic stopping bleeding

iu million international units one international unit being the biological

activity of coagulation factor present in one millilitre of blood

plasma of normal person

OAS Optimal Additive Solution mixture of additives designed for the



suspension of red cells which enabled more plasma to be recovered

from donation of whole blood

plasma The straw coloured liquid portion of blood Contains proteins e.g

albumin antibodies clotting factors as well as hormones fats and

dissolved salts and gasses

recombinant technique in which specific segment of DNA is isolated and

inserted into bacterium or other new host e.g yeast animal cell in

form that allows the DNA segment to be replicated as the new host

multiplies The DNA segment is said to have been cloned because

it exists free of the rest of the DNA from which it was derived Used

in the modern treatment of haemophilia in the form of recombinant

Factor VIll and Factor IX concentrates in which the human

coagulation factor is synthesised by hamster cells

supernatant The solution remaining after precipitate has been removed by

centrifugation
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SUMMARY

Demand for blood and blood products increased strongly in developed countries during

the 1970s as result of medical developments including advances in the treatment of

disorders of the blood such as haemophilia In 1975 the World Health Assembly of the

World Health Organisation advised that all countries should aim to meet their medical

needs for blood and blood products from within their own population taking donations

of whole blood or plasma in volumes that were considered to be safe for the donor

Donors should be motivated by altruism and should not be paid as blood from paid

donors was known to cause higher incidence of hepatitis than blood from unpaid

donors This objective known as self-sufficiency was based on ethical and safety

considerations and was at first strongly supported in principle by successive

governments of the United Kingdom However in 1990 the UK Government provided

definition in which self-sufficiency was considered to have been achieved when

supplies of domestically sourced products are sufficient to meet the needs of all

patients whose clinicians prefer these to other available products

Although this advice concerned number of different blood and blood products the

greatest difficulty lay in providing adequate therapy for the treatment of haemophilia

serious disorder caused by deficiency of factor VllI protein required for blood

clotting There were number of reasons for this being so difficult

factor VIII is fragile protein only small proportion of which survives the

processes used for its extraction and purification

factor VIII is trace constituent and must be obtained from large number of

blood donations to provide treatment sufficient for all patients

sophisticated large-scale manufacturing facilities are needed to extract the fragile

protein from large-volumes of blood plasma under pharmaceutical conditions

the high demand and low recovery meant that large volumes of plasma were

needed for self-sufficiency which exceeded the normal capability of national Red

Cross and Blood Transfusion Services

provision of the systems and facilities required was far from straightforward and

depended on long-term planning

the demand for Factor VIII concentrate was much greater and increased more

rapidly than had been estimated originally by expert bodies As treatment

became available clinicians and patients became more exacting in their needs

first requiring home therapy and then prophylaxis regimes



Commercial Factor VIII concentrates that were obtained by practices i.e paid donors

with high donation frequency and volume which did not comply with guidance from the

WHO became available during the 970s and offered an alternative to domestic

concentrates particularly where the supply of the latter was not sufficient to meet

clinical demand As demand escalated progressively commercial products came to

supply most of the Factor VIll concentrate throughout the world Despite virtually all

countries aspiring to national self-sufficiency few have ever achieved this objective

using donations from unpaid volunteers

In Scotland the SNBTS supplied two types of blood product for the treatment of

haemophilia cryoprecipitate and Factor Vill concentrate with the concentrate being

generally preferred by clinicians and by patients Estimates of demand were agreed at

meetings of SNBTS Directors and Haemophilia Directors in Scotland under the

auspices of SHHD Production levels that would achieve self-sufficiency increased

steadily doubling on average every years

If cryoprecipitate is accepted as having been suitable for the treatment of

haemophilia when there was shortfall of concentrate then sufficient factor VIII was

available from the SNBTS to provide volume of treatment for Scotland which was

comparable on population basis to the actual level of use in the UK from 1975/76 to

1989/90 with the possible exception of 1982/83 when the amount supplied by the

SNBTS equated to about 90% of the average level of use throughout the UK

If cryoprecipitate is considered to have been unsuitable as an alternative to concentrate

when there was shortfall in the amount of Factor VIII concentrate then supply from

the SNBTS did not fully match the level used in the UK until 1983/84 Despite this

apparent shortfall of Factor VIII concentrate production of Factor VIII concentrate by

the SNBTS exceeded the amount of concentrate used in Scotland throughout the

period 1979 to 1985 except for 1980 when the amount of concentrate used clinically

doubled in one year

This performance by the SNBTS was achieved by

increasing the number of blood donations by over 20% from 1975-1981

increasing the amount of fresh frozen plasma by over 4-fold from 1975-1984

increasing the yield of factor VIII in fractionation by over 50% from 1978-1981

constructing new manufacturing facility with sufficient capacity to process all of

the plasma supplied which opened in 1975



small proportion of the Factor VIII concentrate used in Scotland during the early

1980s was obtained from commercial suppliers This was comparable in quantity to an

amount of unused SNBTS Factor VIII concentrate which had been released for use by

the SNBTS and which was being held in storage at the West of Scotland Regional

Blood Transfusion Centre WRTC in 1984 Supplies of Factor VIII concentrate from

the SNBTS were sufficiently strong thereafter to avoid commercial Factor VIII

concentrate being purchased in Scotland until 1988/89 at which point finance was

provided to allow the SNBTS to further increase the supply of plasma for fractionation

Some commercial Factor VIll prepared using monoclonal antibody purification

continued to be purchased by Haemophilia Directors in the 1990s as the SNBTS did

not prepare Factor VIII concentrate by this method



INTRODUCTION

Self-sufficiency in the supply of blood products for England Wales has been

considered in depth in reports by the Department of Health Department of Health

2006 and by Lord Archer of Sandwell Archer et aI 20092 Neither of these reports

examined Scotland

In Scotland new facility for the manufacture of plasma products for the SNBTS

became operational in 1975 By the late-i 970s the SNBTS output of all products was

sufficient to meet expected clinical demand with the exception of Factor VIII

concentrate for the treatment of haemophilia Grant et al 1980

Some twenty different plasma products were manufactured at the Protein Fractionation

Centre PFC Foster 2008 Of these Factor VIll concentrate presented the greatest

challenge to the SNBTS as it was the most difficult product to manufacture and growth

in demand was high Alternative products from commercial sources were associated

with greater risk of infection than products supplied by the SNBTS Therefore these

notes will focus on the provision of Factor VIII for the treatment of haemophilia

especially in the period before safety of coagulation factor concentrates with respect to

transmission of HIV and hepatitis was achieved

1.1 Therapeutic Proteins from Human Blood Plasma

The concept that human proteins could be extracted from blood plasma for use in

medical therapies was conceived in the USA in 1940 by Edwin Cohn Cohn 194

Surgenor 2002 As well as laying foundation for the provision of major plasma

proteins such as albumin and immunoglobulin antibodies the procedures devised by

Cohn for the fractionation of blood plasma Cohn et al 194 also provided fraction

Cohn Fraction which was effective in the treatment of haemophilia

1.2 Blood Products for the Treatment of Haemophilia

Infusions of whole blood Emile-WeiI i906 or blood plasma Feissley 1924 were

the first medical treatments that were found to be useful in treating the disorder of

haemophilia However the volumes needed to stop bleeding in severe haemophilia

were so large that neither whole blood nor plasma was able to fully correct the

haemostatic defect causing leading medical experts to conclude aconcent rated
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preparations of AJ-LG FVIII seem to provide the only practical form of therapy

Biggs MacFarlane 1957

In 1959 it was discovered that residue which remained in the bottle following the

transfusion of thawed plasma contained anti-haemophilic factor factor VIII activity

Pool Robinson 1959 The factor VIII activity that was concentrated in this

material named cryoprecipitate was able to correct the haemostatic defect in

haemophilia Pool Shannon 1965 and became the mainstay of haemophilia

treatment in the UK from 1966 Forbes Prentice 977

At the same time new preparations for the treatment of haemophilia known as

intermediate-purity concentrates were emerging in the United States Hershgold et al

1966 Johnson et al 1967 and have been the subject of detailed reviews Aronson

199O Kasperet aI 1993

Intermediate-purity concentrates were derived from cryoprecipitate or similar plasma

fraction They were more potent defined and purified than cryoprecipitate they could

be filtered to remove bacterial contaminants and had lower incidence of allergic

reactions than cryoprecipitate ln contrast to cryoprecipitate they were also amenable

to large volume manufacture compliant with good pharmaceutical manufacturing

practice GMP The fact that they were freeze dried also made them easier quicker

and more convenient to use than cryoprecipitate which had to be stored frozen

Crucially they enabled patients to treat themselves at home giving people with

haemophilia access to education and employment which had not previously been

possible

Intermediate-purity concentrates of Factor VIII were developed by number of

commercial companies in the USA and in Europe and were imported into the UK from

1972 Biggs 1977 The NHS manufacturers of plasma products in England and in

Scotland also developed intermediate-purity concentrates of Factor VIII and Factor 1X

in the early 1970s for the treatment of haemophilia and haemophilia respectively

Although the availability of these new products opened the way to improved treatment

in comparison with cryoprecipitate the new products carried cost implications There

was also possible increase in the risk of hepatitis transmission This was due to each

batch being derived from many donations and as result of commercial concentrates

being derived from paid plasma donors in the USA category of donor known to have

higher prevalence of infection with hepatitis Titmuss 97O
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In 1973 the Department of Health Social Security DHSS established an Expert

Group to provide advice on this matter The terms of reference of the Expert Group

were To advise the Department on trends in methods of treatment of haemophilia and

allied conditions and to consider possible future requirements for the treatment of the

condition and the consequences for the supply of therapeutic agents

At its first meeting DHSS 19736 the Expert Group confirmed that freeze dried

intermediate-purity concentrates were the product of choice for the treatment of

haemophilia despite the theoretically increased risk of acquiring hepatitisç and

recommended that

the UK should aim to become self-sufficient as soon as possible by increasing

home UK production of freeze-dried AHG anti-haemophilic globulin or

Factor VIll concentrate

Regional Transfusion Directors should be consulted in terms of increased

demands upon the Blood Transfusion Services decreasing production of

cryoprecipitate increasing production of fresh-frozen plasma for fractionation and

possibly increased collection of plasma by plasmapheresis

It was also suggested that the National Medical Director of the Scottish National

Blood Transfusion Association and Mr Watt of the Edinburgh BPL sic should be

invited to join the group

SELF-SUFFICIENCY

2.1 Government Policy

The 1973 recommendation from the Expert Group that the UK should aim to become

self-sufficient was accepted by the DHSS and was acknowledged formally on 22

January 1975 in Parliamentary statement by Dr David Owen the Minister of State for

Health The objective of achieving self-sufficiency in the UK was endorsed by the

succeeding government on the 15 of December 1980 in an announcement to the

House of Commons by Sir George Young Under-Secretary of State for Health Social

Security

The Department of Health has since confirmed Department of Health 20061 that the

British Government supported recommendations on national self-sufficiency from the

World Health Organisation and from the Council of Europe

12



2.1.1 The World Health Organisation Recommendation WHA 28.72

On May 1975 the World Health Assembly adopted Resolution WHA 28.72 on the

utilization and supply of human blood and blood products World Health Assembly

1975 which included

being aware of the higher risk of transmitting diseases when blood products have

been obtained from paid rather than from voluntary donors

and of the harmful consequences to the health of donors of too frequent blood

donations one of the causes being remuneration

and urged Member States to

promote the development of national blood services based on voluntary

nonremunerated donation of blood

enact effective legislation governing the operation of blood services and to take

other actions necessary to protect and promote the health of blood donors and of

recipients of blood and blood products

and requested

cooperation between countries to secure adequate supply of blood products

based on voluntary donations

Group of Experts was established by the World Health Organisation WHO to

develop this policy further The Group met on 9-13 December 1975 in conjunction with

the League of Red Cross Societies the International Society of Blood Transfusion and

the Council of Europe World Health Organisation 19778 The final recommendations

of the group included the follow points

non-profit national blood transfusion service should rely upon voluntary unpaid

donors and relate its activities to the countrys need particularly for erythrocytes

ln so doing it could provide most if not all of the plasma needed to prepare

albumin coagulation factors and immuno globulins The use of component

therapy sound logistic organization and judicious supplementary use

of electrolyte
solutions are essential Plasma pheresis should only be part of

national blood transfusion programme and used to cover any deficit of plasma

needed for the preparation of clinically useful derivatives As in the case of whole

blood donation only voluntary unpaid donors should be recruited for

plasmapheresis

because the plasma protein which is most slowly regenerated after plasma

withdrawal appears to be albumin the interval between plasmapheresis should be

long enough to allow the body content of albumin to return to normal well before

the next donation The donation of plasma by healthy individual should

13



therefore not exceed 600 ml on each occasion with maximum of 15 litres per

annum The interval between two consecutive plasmapheresis should in general

not be less than weeks

as the long-term effects of repeated plasmapheresis and hyperimmunisation on

the health of the donor are not well known both retrospect We and prospective

controlled studies should be undertaken to identify and evaluate the health

hazards that may be inherent in these procedures

national health authorities should have responsibility of blood transfusion

services in all countries

effective legislation should be enacted in all countries regulating blood donation

including the collection of plasma by plasmapheresis processing distribution

export and import of blood and blood products Such legislation should take into

account the medical and ethical problems involved and protect the donors and

recipients from commercial exploitation

2.1.2 The Council of Europe Recommendation 805
On 30 April 1980 the Council of Europe Committee of Ministers to Member States

adopted Recommendation 80 concerning blood products for the treatment of

haemophiliacs Council of Europe 1980 in which it advised governments of member

states to

establish minimal criteria for the quality packaging labelling and control of blood

products for the treatment of haemophillacs

ensure that the available products are put to optimal use from medical and

socio-economic point of view

inform all concerned in haemophilia therapy of the problems arising from the

procurement and rational use of blood components concerned in order to balance

the needs and resources

reach as far as possible self-sufficiency of the member states both in

respect of antihaemophilia products and blood plasma required for their

preparation

increase whole blood collections and the development of plasmapheresis

achieve the optimal use of red cell concentrates albumin and plasma protein

solutions

limit use of fresh-frozen and freeze-dried plasma

use frozen ciyoprecipit ate only when other preparations of Factor VIII of

controlled potency are not available with satisfactory conditions of efficiency

safety and costl

14



follow the recommendations of WHO and of the League of Red Cross Societies

concern ing the promotion of voluntary non-remunerated blood and plasma

donations

make special efforts to reduce the risk of transmission of hepatitis ...

achieve balance between the available resources and the justified needs

of haemophiliacs

2.1.3 The Council of Europe Recommendation 81 14

On 11 September 1981 the Council of Europe Committee of Ministers to Member

States adopted Recommendation 81 14 concerning the prevention of transmission

of infectious diseases by the international transfer of blood products Council of

Europe 198110 in which it advised governments of member states

... that the transmission of infections through the international transfer of blood

its components and derivatives represents constant health hazard for

recipients

... that national regulations be established concerning the importation of blood

its components and derivatives with view to limiting as fully as possible potential

health hazards due to the transmission of infectious agents

2.1.4 The Council of Europe Recommendation R838
On 23 June 1983 the Council of Europe Committee of Ministers to Member States

adopted Recommendation 83 concerning the prevention of the possible

transmission of AIDS to patients receiving blood or blood products Council of Europe

198311 in which it advised governments of member states

to expose the recipient to minimum number of donations of blood when the

transfusion is of cellular and coagulation factor products

to achieve national self-sufficiency in the production of coagulation factor

products from voluntary non-remunerated donors

to avoid importation of blood plasma and coagulation factor products from

countries with risk populations and from paid donors

to avoid wherever possible the use of coagulation factor products prepared

from large plasma pools this is especially important for those countries where

self-sufficiency in the production of such products has not yet been achieved

to pursue rapid and full implementation of Recommendations No 80 end

No R81 14

15



Despite the strong support of the British Government Department of Health 20066 for

the 1975 WHO resolution WHA 28.72 and for the recommendations from the Council of

Europe the British Government subsequently adopted policy that stated

The principle of self-sufficiency therefore means that the supplies of domestically

sourced blood products should be sufficient both in range and quantity to meet the

needs of all patients whose clinicians prefer these to other available products

Acheson 99Q12

With this explanation the UK government provided new and unique definition of self-

sufficiency such that national supplies from unpaid donors were required only where

individual clinicians preferred not to use commercial products from paid donors The

date when this particular definition became UK Government policy is not known

2.1.5 The impact of variant Creutzfeldt-Jakob Disease vCJD

The policy of achieving self-sufficiency within the UK ended in 1998 when in response

to concerns over theoretical risk of vCJD being transmitted via blood products

Ludlam 1997 the Department of Health first authorised the importation of plasma for

fractionation Department of Health 99815 and then banned the manufacture of

plasma products from UK-donor plasma Department of Health 99 In addition the

Scottish Home Health Department SHHD decided to fully fund the purchase of

Factor Vlll and Factor IX concentrates manufactured commercially using recombinant

technology

In responding to this decision the SNBTS replaced plasma from donors in Scotland

with imports from Germany and from the USA obtaining plasma from voluntary non-

remunerated donors as far as possible in order to continue to comply with the

underlying principles of the WHO and the Council of Europe

In England the NHS Bio-Products Laboratory BPL replaced UK-donor plasma with

paid-donor plasma provided by Life Resources mc company with 24 commercial

plasma collection centres in the USA which was subsequently purchased by the UK

Department of Health Department of Health 200214 in order to safeguard supplies of

plasma to BPL

In the 12 years since the ban on UK plasma was introduced only one potential

transmission of vCJD via UK plasma products has emerged In this case sample of

tissue from haemophilia patient with no symptoms of vCJD and who died from

other causes tested positive for vCJD at post-mortem examination Although none

16



of the test results from 22 additional tissue samples were able to confirm the originaL

positive result Peden et al 201 QTh this has been accepted as case of vCJD

transmission Health Protection Agency 200916

In 2006 the devolved Scottish Government accepted recommendation from SNBTS

Directors and the Board of National Services Scotland formerly the Common Services

Agency that the SNBTS should no longer provide Scotland with plasma products

primarily because the move to recombinant coagulation factors the cost of importing

plasma reduction in the use of albumin and requirement for substantial investment

in the facility led to the PFC being considered to be no longer economic Scottish

Executive 200617

As result of this decision the Scottish Protein Fractionation Centre PFC was closed

and Scotlands plasma products have since been obtained from suppliers who depend

mainly on remunerated donors in the USA as source of plasma thereby ending

Scotlands aspiration to selfsufficiency in plasma products using unpaid volunteer

donors

2.2 Policy into Practice

Achieving national self-sufficiency using local plasma from volunteer non-remunerated

donors was not straightforward number of different plasma products had to be

produced e.g Factor VIII concentrate Factor IX concentrate Albumin and range of

immunoglobulin products to pharmaceutical standards and quality comparable to

equivalent products from number of specialist multinational pharmaceUtical

companies e.g Alpha Armour Baxter Cutter Immuno

Although all products had to comply with specifications established by national

authorities e.g Committee on Safety of Medicines National Institute for Biological

Standards and Control there were inevitable variations between products from

different manufacturers such as variations in dose size product potency or

reconstitution time

The dilemma facing clinicians was whether to select the product they believed to have

the best characteristics perhaps Factor VIII from company Factor IX from company

Albumin from company and immunoglobulin from company or to restrict

themselves to products from their national organisation such as Red Cross or Blood

Transfusion Service

17



The challenge facing Red Cross and Blood Transfusion Services was not only to

provide range of products which complied with national specifications but also for

each product to match as far as possible the best characteristics of any product

available commercially Unlike commercial companies national organisations had to

achieve this whilst producing all products in quantities sufficient to treat their whole

population using only unpaid donors from within their own population and with

donation volumes specified by WHO8 and by the Council of Europe They also lacked

team of sales and marketing representatives to promote their products and offer

cJinicians support for research and attendance at meetings

Although most countries supported the 1975 resolution of the World Health Assembly

and aspired to national self-sufficiency little progress was made Despite growth in

the not-for-profit sector increasing product demand meant that by the mid-I 980s about

70% of the worlds plasma products were being supplied by the commercial sector

using plasma obtained predominantly from paid donors Foster 199418 With

donation volumes per donor that were unique to the USA this is situation which

remains essentially the same today Lamb 200919

To understand why the vast majority of countries failed to achieve self-sufficiency

using non-remunerated donors it is necessary to consider number of different

elements that had to be addressed These included

2.2.1 Forecasting Product Demand

Long-term forecasting is required because most of the elements needed to achieve

self-sufficiency need considerable time and resources to implement The necessary

information can only be provided by knowledgeable doctors responsible for the

treatment of patients such as haernophilia directors Given the timescales involved

forecasts that were accurate in predicting future needs were necessary for self-

sufficiency to be achieved What was not readily predicted was how the availability of

concentrates would change practice and drive up demand

2.2.2 Forecasting Product Yield

To achieve specified supply of product the quantity of plasma required was

determined by the yield obtained after manufacture hence accurate estimates of

product yield were needed in order to plan for the provision of suitable quantities of

plasma

18



2.2.3 Supply of Plasma

During the 1970s plasma for fractionation in the not-for-profit sector e.g Blood

Transfusion Services and Red Cross organisations was mainly obtained from

donations of whole-blood which had not been used and which had out-dated This

type of plasma was not suitable for the preparation of coagulation factors such as

factor VIII which were too sensitive to survive the length of time involved Out-dated

or time-expired plasma was suitable for the preparation of albumin and normal

immunoglobulin

Only plasma which had been separated from the cellular constituents shortly after

donation and frozen quickly was suitable for the preparation of concentrates of Factor

Vill and Factor IX used in the treatment of haemophilia and respectively

Plasma obtained in this manner designated Fresh Frozen Plasma FFP was

sometimes known as recovered plasma if it was recovered from donation of whole-

blood An alternative way of obtaining FFP involves returning the cellular components

to the donor using sterile procedures known as plasmapheresis FFP obtained in this

manner is known as source plasma and was used predominantly by commercial

manufacturers In the USA red cells for transfusion must be labelled if obtained from

paid donor This policy caused the supply of red cells to be restricted to not-for-profit

organisations that used unpaid donors By contrast most plasma collection

organisations obtained paid-donor plasma using the technique of plasmapheresis with

no cellular components being provided

The frequency by which person can donate whole-blood is limited by the time taken

to recover the lost cellular constituents resulting in donation frequency usually being

restricted to two or three times per donor per annum with typically about 0.5 litres of

plasma per annum being obtained per donor

By contrast more frequent donations of greater volume can be obtained by

plasmapheresis as the limiting factor is the time taken for the donor to synthesise

plasma proteins rather than cellular constituents

ln the UK the volume of plasma that could be obtained by plasmapheresis from

donor was restricted to 12 litres per annum Regulations in the USA are much less

stringent than elsewhere in the world and allowed up to 60 litres per annum per donor

practice which together with the size of population and the incentive of donor

19



remuneration enabled the USA to provide the world with most of its plasma products

situation which continues to this day

224 Manufacturing Capability

The preparation of plasma products is highly specialised field of pharmaceutical

manufacturing where in contrast to the manufacture of conventional pharmaceuticals

large number of different products are obtained from common biological feedstock

The complexity of both the starting material and the resultant products as well as the

multiplicity of different products means that their preparation known as plasma

fractionation requires considerable knowledge and expertise from wide range of

scientific and technical disciplines as well as close involvement with suitable medical

experts

The facilities required for the fractionation of plasma are equally complex involving

temperature controlled areas for large-scale processing ranging from -5C to 20C

and from -40C to 30C for storage Processing facilities that are hygienic with

provision for sterilisation of equipment reagents and materials and with aseptic

facilities in which products can be dispensed and sealed in their final container free

from bacterial contamination are also required

In addition to facilities for production expertise and resources are required for Quality

Control and Quality Assurance and for the maintenance of utilities including plant for

refrigeration and air-handling as well as major items of industrial pharmaceutical plant

for the sterilisation of process equipment materials and reagents and for freeze drying

products research and development capability is also essential to assist in problem

solving and to ensure that products and procedures benefit from emerging knowledge

In the absence of manufacturing capability some countries e.g Norway achieved

self-sufficiency by arranging for the plasma from their own population to be processed

elsewhere with the resultant products being returned It is unlikely that dedicated

facilities would be available for this purpose and therefore risk of mixing with plasma

from other sources within the manufacturing plant could not be excluded making this

option somewhat less than ideal prior to the development of virus inactivation

technology

2.3 Management Processes Scotland
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The provision of brood products for the treatment of people with haemophilia in

Scotland was considered at number of tiers of management

2.3A National Management Processes

Blood product requirements for the treatment of people with haemophilia and related

policies were considered at meetings between officials of the SHHD Haemophilia

Directors and SNBTS Directors These meetings were arranged by the SHHD and

were generally held annually sometimes with working group to progress matters

between annual meetings No annual meetings took place in 1978 1979 1980 and

1982 The SNBTS also obtained information on blood product requirements for the

treatment of haemophilia by attending annual meetings of the UK Haemophilia

Directors or by direct communications between the SNBTS National Medical Director

and Haemophilia Directors

Council of Europe Recommendation No 80 was considered by Directors of the

SNBTS and Haemophilia Directors in conjunction with officials of the SHHD at

meeting in January 1981 At this meeting the SHHD chairman introduced paper on

the Council of Europe Recommendation which according to the minute of the meeting

...broadly set guidelines for the preparation and use of blood products for the

treatment of haemophiliacs and urged member states to become self sufficient in these

products After consideration of the various recommendations in the paper members

agreed that policy and practice in Scotland were consistent with this document subject

to further consideration of the recommendation on the setting up of haemophi/ia

register Scottish Home Health Department 198120

2.3.2 The SNBTS Managment Processes

Statutory responsibility for the management of blood transfusion services in Scotland

was assigned to the Common Services Agency CSA of the Scottish Health Service in

1974 Blood Transfusion Sub-Committee was established by the CSA in 1978 and

operated until 1990 at which point the post of SNBTS General Manager was

established

meeting of SNBTS Directors was held on quarterly basis with officials from SHHD

in attendance Additional meetings of SNBTS Directors were held from 1980 to co

ordinate activities on national basis Meetings of SNBTS Directors were organised

and chaired by the National Medical Director In the absence of the National Medical
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Director during 1976 meetings were chaired by the Regional Director of the Glasgow

Centre The post of SNBTS National Medical Director was vacant from 1977 to 1979

during this period meetings of SNBTS Directors were chaired by the Regional Director

of the Glasgow Centre 1977-1978 and by the Regional Director of the Edinburgh

Centre 1978-1979

Prior to 1982 the PFC Director acted on advice from the SNBTS National Medical

Director either by direct communication or via meetings of the SNBTS Directors In

January 1982 the National Medical Director established formal mechanism for the

management of coagulation factor developments known as the Factor VIII Study

Group The Group comprised senior staff from across the SNBTS and was chaired

and managed by the National Medical Director who reported progress to the SNBTS

Board and the CSA BTS sub-committee The SNBTS Factor VIII Study Group

subsequently encompassed the development of all of the SNBTS plasma products and

became known as the SNBTS Product Development Group

2.3.3 The PFC Management Processes

Prior to the creation of the SNBTS Factor VIII Study Group the research and

development strategy pursued within PFC was determined by the PFC Director in

consultation with the PFC Research Development RD Manager and other senior

RD staff RD matters were included in topics that were considered at regular

meetings of PFC Heads of Departments which were attended by the RD Manager

and chaired by the PFC Director

These communications continued after the creation of the Factor VIII Study Group in

order to provide advice to the PFC Director and to progress nationally agreed

strategies as efficiently as possible This was formalised in 1986 by the creation of the

PFC Development Review Group later named the PFC Development Team chaired

by the PFC RD Manager which included the PFC Director the PFC Quality Manager

and senior PFC RD staff

FACTOR VIII DEMAND

3.1 Forecasts of Demand United Kigdom

In 1973 the Expert Group on the Treatment of Haemophilia advised that treatment of

UK sufferers from haemophilia would require 400000 donations per annum
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Department of Health Social Security 19736 At the same time Medical

Research Council MRC Working Party concluded An assessment of the total amount

of factor VIII likely to be required for all types of treatment i.e concentrate and

cryoprecipitate puts the total in excess 500000 blood donations or about 40 million

units of factor VIII and in further review commented that the estimate made in the

previous report is unlikely to be excessive Biggs et al 977 The estimate that 40

million units could be obtained from 500000 blood donations suggests that the

forecast of the 1973 Expert Group was equivalent to 32 million units per annum

ln 1977 Working Group on Trends in the Demand for Blood Products noted that the

commonly accepted target figure for Factor VIII was 1000 itt per annum per 1000

population and that it ... should be increased by 25% to meet sudden demands for

the emergency treatment of haemophilic patients and ... whether as concentrate

alone or concentrate and cryoprecipitate was yet to be decided Department of Health

Social Security 197721

Subsequently in 1981 National Blood Transfusion Service NBTS Working Party on

plasma supplies for England Wales noted Representatives of the Haemophilia

Directors estimate that by the mid-1980s the annual requirement for VIII will reach

100 for the United Kingdom Forecasting beyond that time could not be accurate

but it was considered that by the 1990s the need for VIII could reach 150 i.u per

year Department of Health Social Security 198122

3.2 Forecasts of Demand Scotland

In the mid-I 970s the first National Medical Director of SNBTS noted The haemophilia

population of Scotland is about 400 and The figure of 10000 units of factor VIII per

patient per year can be accepted as reasonable estimate for the next few years at

least Jeffrey 197623 This estimate equated to total of million units of FVlll per

annum for Scotland equivalent to 0.75 units per head of population per annum

Subsequently in 1979 the SNBTS proposed target of 1.8 units per head of

population per annum SNBTS 197924 then in 1981 increased this to 2.75 units per

head of population per annum by 1986 rising to 3.75 units per head of population by

1996 Cash 198125

23



3.3 Amount of Factor VIII Used in the United Kingdom

The amount of Factor VIII used each calendar year in the United Kingdom has been

monitored by the UK Haemophilia Centre Doctors Organisation HCDO since 1969

including the source i.e NHS or commercial and type i.e cryoprecipitate or

concentrate of treatment as well as the total consumption Annual figures for the

period 1970 1990 are tabled below together with equivalent information for 1995

2000 and 2005

Table Consumotion of Factor VIII in the United Kinqdom 1970-2005

Year Cryoppt Concentrate iii Total Total

iu NHS Commercial iu iu per pop

19708 7.3 0.9 8.2 0.15

19718 8.7 3.1 11.8 0.21

19728 8.4 1.9 0.7 11.0 0.20

19738 12.5 2.5 0.8 15.8 0.28

19748 15.1 2.7 2.7 20.5 0.36

19758 16.6 3.1 5.1 24.8 0A4

19768 15.7 6.9 11.1 33.7 0.60

19778 15.2 12.9 15.0 43.1 0.77

19788 11.1 14.6 19.3 45.0 0.80

19798 9.4 15.1 26.2 50.7 0.90

19808 8.2 14.4 34.7 57.3 1.02

198f 7.7 225 35.5 65.7 1.17

1988 5.2 22.9 45.6 73.7 1.31

19838 4.8 30.0 36.2 71.0 1.26

19848 5.7 40.2 34.0 79.9 1.42

19858 3.3 23.1 509 77.3 1.37

19868 3.2 31.5 53.7 88.4 1.56

19878 2.7 26.0 59.2 87.9 1.55

1988b 2.0 41.0 55.0 98.0 1.72

1989 2.0 65.5 36.5 104.0 1.84

2.0 85.0 23.0 110.0 2.03

2005 n/a 8.5 11.5 283 4.73

995

20000

n/a

n/a

105 38

n/a n/a

152

210

2.62

3.57
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from Re-Amended Main Statement of Claim in HIV haemophilia litigation para 31

Snape1 99953

estimated from Rizza at al 2001

estimated from UK HCDO Annual Report 2006

includes recombinant FVII1

number of points can be noted

an almost continual year-on-year increase in the treatment with Factor Viii over

35-year period

reduction in the use of cryoprecipitate from 1977

marked use of imported commercial concentrates from 1974

year-by-year increase in use of commercial concentrates from 1974 to 1982

decline in the use of commercial concentrates in 1983 and 1984

substantial reduction in the supply of NHS Factor VIII concentrate in 1985 which

was associated with the introduction of heat treated Factor VIII BY at BPL

Elstree as the yield of factor VIII was reduced by about 30% i.e from 225 iu

per Kg plasma to 160 iu per Kg plasma in addition to cessation in the supply of

Factor VIII concentrate from BPL for about four months prior to BY being

introduced

marked increase in the use of commercial concentrates in 1985 reaching

peak of almost 60 iu in 1987

marked increase in the supply of NHS Factor VIII concentrate in 1989 1990

associated with an increase in output from new BPL facility at Elstree

marked decrease in the amount of commercial Factor VIII concentrate in 1989

1990 although the quantities used remained significant

reduction in the use of cryoprecipitate was consistent with guidance in the 1970s

from expert advisory committees and UK Haemophilia Directors BMJ Editorial

197828 whilst importation of commercial Factor VIll concentrates was recommended

by Haemophilia Directors Biggs 1974 Ingram 1974 Blackburn 1974

Dormandy1974 Jones 974 and by the UK Haemophilia Society Prothero1974

3.4 Amount of Factor VIII Used in Scotland

The UK HCDO does not normally provide breakdown of the treatment of people with

haemophilia in different parts of the UK However the SNBTS was provided with data
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for Scotland for the period 1978-1984 in order to assist with forward planning Rizza

Spooner 198527

Table Consumption of Factor VIII in Scotland 1978-1984

Year Cryoppt Concentrate iu Total Total iu per

iii NHS Commercial in head pop

1978 1.35 1.66 0.45 46 0.66

1979 1.24 1.76 072 3.72 0.71

1980 1.48 3.84 0.97 6.29 1.21

1981 0.90 3.48 1.24 5.62 1.08

1982 0.57 4.79 0.55 5.91 1.14

1983 033 5.86 0.38 6.57 1.27

1984 0.30 6.85 0.03 7.18 1.40

These figures show

an almost year-on-year increase in the amount of Factor VIII used

reduction in the use of cryoprecipitate from 1981

some use of commercial concentrates

3.5 Comparison Between Scotland and the Rest of the UK

direct comparison between Scotland and the rest of the UK can be made for the

period 1978-1 984 as specific data from FICDO on the use of Factor VIII in Scotland are

held by the SNBTS This period is of particular interest as it encompasses the

emergence of the epidemic of AIDS and extends to the point when heat treated Factor

VIII concentrates began to be introduced in the UK

The respective amounts of Factor VIII used per million population together with the

proportion provided from NHS sources i.e the SNBTS inclusive of cryoprecipitate

are given in Table below

Table Comparison Between Scotland and the Rest of the UK on the Amount

of Factor VIII Used and its Origin in the Period 1978-1984
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Year Total FVHI iu per popa Proportion from NHS %8
Scotland UK exci Scot Scotland UK exci Scotland

1978 0.66 0.81 87.0 54.6

1979 0.71 0.92 80.6 45.8

1980 1.21 1.00 84.6 33.9

1981 1.08 1.17 77.9 43.0

1982 1.14 1.32 90.7 33.5

1983 1.27 1.26 94.2 44.4

1984 1.40 1.42 99.6 55.5

inclusive of cryoprecipitate

For this particular period the total amount of factor VIII used to treat haemophilia was

7.5 iu per head of population in Scotland and 7.9 iu per head of population in the rest

of the UK indicating that the overall amount of treatment in Scotland was about 5%

lower than the average for rest of the UK

The difference in the origin of Factor VIII was more substantial with 88% used in

Scotland being obtained from the NHS i.e the SNBTS compared with 44% in the rest

of the UK and with 12% and 56% being imported from commercial sources

respectively

3.6 Accuracy of Forecasts

3.6.1 Long Term PIang

Long term planning is needed to create the infrastructure required to deliver national

self-sufficiency using unpaid volunteer donors The accuracy of the forecasts used for

planning purposes in the UK is summarised Table where the forecasts that were

made are compared to the actual outcome

Table Forecasts of Factor VIII Requirement Cornpared with Actual Usaq

Year Source of Forecast Forecast of FVIII Use Forecast

Exceeded

UK

1973 DHSS Expert Group 0.6 iu per ltpop 1977a

1973 MRC Working Party 0.7 iu per iOj 1977a

1977 DHSS Working Group 1.2 iu per
106 pop 1982a
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Year Source of Forecast Forecast of EVIII Use Forecast

Exceeded

1981 Haemophilia Directors 1.8 iu per io pop by 1985 1990a

1981 Haemophilia Directors 2.6 iu per lot pop by 1990 1996a

Scotland

1975 SNBTS F-I Jeffrey L8m iu per io pop forthe

next few years at least

1979 SNBTS Cash 1.8 iu per io pop 1989a

1981 SNBTS Cash 2.7 iu peiiO8 pop by 1986 i99i

1981 SNBTS Cash 3.7 miu per io6j6 by 1996 2002a

based on UK usage reported by UK Haemophilia Centre Directors inclusive of

cryoprecipitate NHS concentrates and commercial concentrates of plasma and recombinant

origin

based on usage in Scotland according to HCDO

3.6.2 Estimates 1973 to 1977

It can be seen that the first set of estimates either for the UK or for Scotland failed to

anticipate long-term growth in use Although data on the actual use of Factor VIII were

collected annually by the UK HCDO this was retrospective and only usually available

some ten months later At time of strong growth in usage reliance on these data

could be misleading This is illustrated by an editorial in the British Medical Journal

British Medical Journal Editorial 197826 published in November 1978 which

indicated that UK self-sufficiency could be achieved with 40 million iu of Factor VIII

From data provided retrospectively by the HCDO Table it can be seen that at the

time this opinion was published the actual consumption of Factor Vlll in the UK had

already reached 45 million iu and was continuing to rise year-on-year

To calculate the amount of plasma required it was necessary to know the yield of

product derived For example the MRC Working Party Biggs et al 197428 assumed

yield for Factor VIII concentrate of 37% i.e 370 iu factor VIII activity per litre of

plasma based on data from the Plasma Fractionation Laboratory PFL in Oxford

whilst Jeffrey 197623 in Scotland assumed yield of 40%

The actual yield of Factor VIII concentrate in routine manufacture was much less than

had been assumed with the result that the estimates of the amount of plasma to be

collected and the processing capacity needed were both about half of what was

required before growth in the use of factor VIII which had not been anticipated was

taken into consideration

28



There were two principal reasons for the over-estimation of yield The first was that the

original estimates were based on early experience of preparing Factor VIII concentrate

at relatively small-scale when assay methods for the measurement of factor VIII

activity were at an early stage of development and difficulties of large-scale

manufacture were not well appreciated For example poor stability of factor VllI

activity meant that there was greater loss during the additional time needed to

process larger volumes as output was scaled-up

The second reason was change to the method assay used in the UK by which the

activity of factor VIII was measured This change was introduced by the National

Institute for Biological Standards and Control NIBSC in December 1976 in order to

increase agreement between different laboratories Kirkwood et al 97729 Although

number of modifications were made to the assay the most significant was change in

the reference material used to calibrate the amount of factor VIII activity with national

standard composed of freeze dried plasma being replaced by national standard

composed of Factor VIII concentrate At the SNBTS these changes were associated

with an apparent yield reduction of 14% Foster Dickson 1980 whilst in England

reduction of 22% was observed Rizza Spooner 97731

The net effect at the SNBTS was that instead of yield of 40% assumed by Jeffrey

97623 the overall routine yield by 1976/77 was only 20% inclusive of rejected

batches and removal of samples for quality control falling to 15% in 1977/78 Foster

Dickson 1980 when the full impact of the change in assay procedure was

experienced This resulted in the amount of plasma needed to meet the target output

of Factor VIII being increased 2.6-fold As the target output was too low the wrong

yield assumption amplified the error considerably

3.6.3 Estimates 1979 to 1981

For Scotland the main consequence was that the demand predicted by the SNBTS in

1975 was exceeded in 1980 and the demand predicted by the DHSS Trends Working

Party in 1977 was exceeded in 1982 Although the SNBTS revised its targets in

December 1979 it was number of years before the continuing growth in demand for

concentrate was met

The estimates of 1979 and 1981 from the UK Haemophilia Directors and from the

SNBTS were more accurate than the earlier estimates in that both predicted continued
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growth in usage over long period of time However in both cases the actual rate of

growth was much slower than predicted

PROVISION OF PLASMA

4.1 Type of Plasma Required

Three different types of plasma were supplied for the manufacture of plasma products

hyperimmune plasma collected from donors with high level of particular

antibody

time-expired plasma recovered from donations of whole blood or plasma which

had not been used clinically and which were time-expired

fresh frozen plasma obtained either from donations of whole blood or by

plasmapheresis and frozen within few hours of donation

Of these only fresh frozen plasma FFP was suitable for the preparation of

coagulation factors used in the treatment of haemophilia as the proteins concerned are

not preserved sufficiently in plasma recovered from donations of whole-blood which

had time-expired Hyperimmune plasma was not used for the preparation of

coagulation factors either because unwanted antibody e.g anti-D immunoglobulin

would co-purify with factor VIII or because the specific antibody concerned was

response to an infection e.g hepatitis Therefore to meet the growing demand for

plasma products for the treatment of haemophilia it was necessary for the SNBTS to

provide increased quantities of FFP

4.2 Strateqies for Obtainiil2 Fresh Frozen Plasma

There are number of strategies for increasing the collection of FF1

4.2.1 Increasinji the Number of Blood Donations

Only small minority of population are prepared to donate their blood voluntarily

without payment Considerable effort is therefore required to persuade more people to

donate blood In 1974/75 the SNBTS obtained 233485 blood donations equivalent to

donation rate in Scotland of 44.6 per 1000 population per annum The success of

efforts to increase the number of donors since 1974/75 is illustrated in Table below

Table Number of Useable Whole-Blood Donations Obtained by the SNBTS
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1980/81 282312 54.3

Year Number of Useable Number of Useable Increase

Donations Donations per 1000 from 1974175

Population

1975/76 247685 47.3 6.0

1996/97 269861 52.8 18.4

1986/87

1991/92

301259

314982

58.9

61.9

it can be seen that 20% increase had been achieved by 1980/81 rising to over 30%

by 1986/87 The higher level of 1991/92 was due to an increase in new donors whose

motivation was to support British Forces involved in the Gulf War

4.2.2 Component Therapy

The essence of component therapy is to give the patient only that part of the blood that

they lack Traditionally blood transfusion involved the transfusion of whole-blood In

this situation patient who required treatment with red cells also received plasma

which was not necessary for their treatment By separating the red cells from the

plasma it became possible to provide red cells for treatment and to supply plasma for

the preparation of Factor VIII and other plasma products such as albumin

immunoglobulin and Factor IX concentrate

The development of interconnected plastic bags for this purpose enabled the

separation to be performed aseptically in closed system Gibson et al 196032 The

use of plastic bags instead of glass bottles also made it easier to freeze plasma to

preserve temperature sensitive constituents such as factor VIII Vallet 1973

The SNBTS began to provide red cells for transfusion in 1960 Cumming et al 1965

and by 1975 some 35% of Scotlands donations were processed to separate red cells

from plasma Jeffrey 197623 In order to meet the growing demand for Factor VIII

concentrate concerted effort was subsequently made by the SNBTS to encourage

hospital doctors to always use red cell concentrates instead of whole-blood This

required changes to established clinical practice in hospitals throughout Scotland

Eventually the SNBTS ceased to supply whole-blood routinely only issuing red cell

concentrates even when whole-blood was requested

21.7

32.1

38.8
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Similarly for many years the SNBTS supplied freeze dried plasma for the treatment of

injuries as commercial albumin was regarded as too expensive to purchase For

example 6000 litres of plasma were used by the SNBTS in 1973/74 for the

preparation of freeze dried plasma Jeffrey 197623 However1 once the new SNBTS

Protein Fractionation Centre PFC became operational in the mid-I 970s sufficient

albumin was produced Grant et al 980 to enable the preparation of freeze dried

plasma to be discontinued making this plasma available for the preparation of factor

VIII as well as factor IX albumin and immunoglobulin The freeze drying plant at

Glasgow was subsequently used for the preparation of freeze dried cryoprecipitate but

was closed following an inspection in 1980 at which it was considered unable to attain

the standard of good pharmaceutical manufacturing practice GMP then required by

the UK Medicines Inspectorate

4.2.3 Eighteen Hour Plasma

Fresh Frozen Plasma is specified as plasma which has been frozen within hours of

donation and was designated as suitable for the preparation of Factor VIII concentrate

World Health Organisation I978 However time limit of hours could be

significant constraint when donations are collected in the evening and/or at locations

far removed from the processing laboratories To overcome this difficulty the SNBTS

examined whether or not plasma frozen within 18 hours of donation would be suitable

for the preparation of Factor VIII concentrate

Although the yield of factor VIll activity was almost 15% lower than that obtained with

hour FFP Foster Dickson 980 the final product met the established

specifications for Factor VllI concentrate This made it possible to hold whole-blood

donations overnight to perform the separation the following day without the plasma

being classified as time-expired Consequently 18 hour FFP was introduced routinely

by the SNBTS in 1975 and enabled the supply of plasma for the preparation of Factor

VIII concentrate to be increased by about 30%

4.2.4 Optimal Additive Solution

Red cell concentrates that are very viscous i.e thick may not be suitable for

transfusion Therefore to avoid this problem the amount of plasma removed was

typically limited to about 200 mL per donation solution of additives for the

suspension of red cells was devised in Sweden Högman et al I98I which allowed

more plasma to be removed Use of this Optimal Additive Solution OAS enabled the

volume of plasma recovered per donation to be increased by about 30%
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study of the use of OAS was proposed by the National Medical Director of the

SNBTS Cash 1982 and it was introduced in Edinburgh in the early-1980s and

throughout the SNBTS in 1989

4.2.5 Plasmapheresis

In the technique of plasmapheresis whole-blood is drawn from donor centrifuged to

sediment the cellular constituents from the plasma then the plasma supernatant is

removed and the red cells returned to the donor As the body can replace plasma

proteins much more quickly than cells plasmapheresis can be repeated weekly for

many weeks without causing anaemia in the donor

The extent to which donors can be subjected to plasmapheresis varies from country to

country The USA has the most generous provisions allowing up to 60 litres per

annum per donor whereas maximum of about 12 litres per donor per annum is

permitted in the UK

Only about 0.4 litres of plasma is obtained per annum from donor of whole-blood who

donates on average 1.6-times year making donor of whole-blood in the UK some

30-times less productive than plasmapheresis donor in the UK and 150-times less

productive than commercial plasma donor in the USA

As well as offering much higher degree of productivity per donor plasmapheresis

also avoids wastage of red cells when the need for plasma is greater However the

donation takes longer to obtain and requires specialist facilities and equipment which

are not inexpensive

In Scotland this was appreciated by the SNBTS and in 1976 the National Medical

Director wrote Plasmapheresis is time-consuming for both donor and operator end

involves expensive equipment it is not generally used to obtain normal plasma in this

countty The time may come however when the requirements for plasma for

fractionation considerably exceed the demand for red cells and the regular use of

plasma pheresis on modified scale in proportion of normal donors will have to be

considered Jeffrey 197623

In the early 1980s automated systems became available for the collection of plasma by

plasmapheresis and study of this technology by the SNBTS was proposed Cash
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198236 Although these studies were completed funding for the routine collection of

normal plasma by plasmapheresis was not available to the SNBTS until 1990

4.2.6 Other Investigations

number of other avenues were explored to obtain additional plasma for the

preparation of Factor Vlll concentrate these included

proposal in 1979 from Mr Watt to import plasma from unpaid donors that was

surplus to the needs of the Community Blood Center Kansas was not supported

by Medicines Division at the DHSS Although plasma from Kansas was not used

to manufacture Factor VIII concentrate for clinical use it was utilised to support

RD at PFC thereby enabling more plasma from Scotland to be assigned to the

production of Factor VIII concentrate for clinical use

the preparation of Factor VIII concentrate from the supernatant cryosupernatant

which remained after the preparation of cryoprecipitate at RTCs and which

contained residual factor VIII activity an approach that was discontinued after

Haemophilia Directors advised that the factor VIII potency of trial batches was too

low

the preparation of cryoprecipitate at RTCs using thaw-syphon technique

Mason i978 to increase yield and thereby release additional plasma for

fractionation an approach which proved to be unsuccessful in routine application

despite promising results from RD studies Prowse McGill i979 Mason et

al 19815

4.3 Provision of Fresh Frozen Plasma by the SNBTS

As result of these strategies the amount of FFP supplied by SNBTS increased

greatly from 1974/75 This is illustrated in Table below where the quantities of FFP

used to prepare cryoprecipitate and Factor VIII concentrate are given as well as the

total quantity of FFP provided for each financial year from 1974/75 to 1997/98 when

SNBTS ceased to use SNBTS-donor plasma for the preparation of Factor VIII

concentrate and other fractionated products

Table Amount of Fresh Frozen Plasma Collected by the SNBTS

Yeara Amount of Fresh Frozen Plasma Kg Total FFP

To CryoprecipitateC To Concentrated Total Kg per 106 pop

1974/75 7010 3114 10124 1934
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Yeara Amount of Fresh Frozen Plasma Kgb Total FFP

To Cryoprecipitatec To Concentrated Total Kg per i06 pop

1975/76 8497 5514 14011 2677

1976/77 5471 10176 15647 2990

1977/78 6216 12563 18779 3588

1978/79 6752 12973 19725 3780

1979/80 6477 17416 23893 4593

1980/81 5498 21597 27095 5213

1981/82 3341 30463 33804 6522

1982/83 2963 35509 38472 7446

1983/84 2520 42423 44943 8717

1984/85 2767 41434 44201 8593

1985/86 3633 40740 44373 8653

1986187 2677 44105 46782 9142

1987/88 2915 42597 45512 8913

1988/89 2341 49011 51352 10099

1989/90 2480 59995 62475 12286

1990/91 17206 70953 72673 14292

1991/92 21106 73585 75695 14886

1992/93 20306 67321 69351 13443

1993/94 22906 71208t 73498 14454

1994/95 23906 73273 75663 14850

1995/96 23906 724951 74885 14666

1996197 23206 672831 69603 13632

1997198g 25606 6377f 66331 13019

financiaL year from 1st April to 31st March

from statistics tabled at meetings of SNBTS Directors excludes clinical FFP

assumes one unit of cryoprecipitate is obtained from 0.2 Kg plasma cryoprecipitate

was used to treat haemophilia and other disorders of haemostasis

ci

after deduction of the weight of plastic which accounted for 6% of the weight

mainly for treatment of coagulation disorders other than haemophilia

inclusive of plasma collected by plasmapheresis

preparation of fractionated plasma products from UK-plasma was banned in 1998

These data demonstrate both the magnitude of the year-on-year increase in the

quantity of plasma obtained and the increasing emphasis on the preparation of Factor

Viii concentrate at the SNBTS Protein Fractionation Centre PFC instead of

cryoprecipitate at Regional Transfusion Centres This is illustrated in Table below
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Table Annual Trends in the Supply of Fresh Frozen Plasma by the SNBTS

Year Annual Increase in Total FF1 Annual Increase in FFP to PFC

1975/76 38.4 77.1

1976/77 11.7 84.5

1977/78 20.0 235

1978/79 5.0 3.3

1979/80 21.1 34.2

1980181 13.4 24.0

1981/82 24.8 41.0

1982/83 13.8 16.6

1983/84 16.8 19.5

1984/85 -1.6 -2.3

1985/86 04 -1.7

1986/87 5.4 8.3

1987/88 -2.7 -3.4

1988/89 12.8 15.1

1989/90 21.7 22.4

1990191 17.5 18.3

1991/92 3.6 3.7

1992193 -9.2 -9.1

1993/94 5.6 5.8

1994/95 2.8 2.9

1995/96 -1.0 -1.1

1996/97 -6.9 -7.2

1997/98 -5.0 -5.2

There were substantial increases in the amount of FFP for the preparation of Factor

VIII concentrate

during 1975-1978 following the opening of the new PFC facility and an increase

in the use of red cell concentrates

during 1979-1984 by an increased use of red cell concentrates reduction in the

use of cryoprecipitate and the introduction of OAS at the Edinburgh RTC

during 1988-91 by introduction of OAS at other RTCs the introduction of

plasmapheresis for the collection of normal plasma and an increased number of

blood donations associated with the Gulf War
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SNBTS MANUFACTURING CAPABILITY

5.1 Premises for the Manufacture of Plasma Products

5.1.1 The Blood Products Unit 1950-19741

Under the Scottish National Blood Transfusion Association SNBTA facility for the

preparation of blood plasma products in Scotland known originally as the Blood

Products Unit BPU was established at the Royal Infirmary of Edinburgh in the 1950s

under the management of the Edinburgh South East Scotland Blood Transfusion

Centre The first plasma products prepared here included immunoglobulin for the

prevention of measles and Cohn Fraction for the treatment of haemophilia Cumming

et al 965 Foster 2008

By the late-I 960s the range of products supplied by the SNBTA BPU had expanded to

include albumin for the treatment of injuries specific immunoglobulins for the

prevention of rhesus disease of the newborn for the prevention of infection with rubella

German measles for the treatment of tetanus infection and for the prevention of

smallpox and Prothrombin Complex concentrate for the treatment of haemophilia

Watt et al 1972 Intermediate-purity concentrates of Factor VIII and Factor IX were

developed in the early 1970s Foster 2008

The growing importance of plasma products to modern medicine was recognised

during the 1960s growth in demand was anticipated and planning of larger-scale

pharmaceutical facility was begun in 1965 It was envisaged that this new Centre

would have the capability of meeting not only the future needs of Scotland for plasma

products but also those of northern England Foster 200141

51.2 The Protein Fractionation Centre 1975-2008j

new SNBTS facility for the manufacture of plasma products was opened in 1975 on

dedicated site situated at Liberton in south Edinburgh Although designed to

process 1500 litres of plasma per week the centre was initially equipped and financed

to process up to 1000 litres per week pending agreement on processing plasma from

England

Although production trials using plasma from England Wales were completed

successfully at the PFC Cash 198242 the DHSS decided not to utilise the PFC for

the fractionation of plasma from England Wales as this was judged wrongly to be

more expensive than the construction of larger new facility at the BPL Department of

37



Health Social Security 982 The DHSS instead proposed that the fractionation of

plasma for Northern Ireland be transferred from the BPL to the PFC Consequently

the PFC began the fractionation of plasma from Northern Ireland in 1982

The construction of the PFC was based on building design which had been

essentially completed in 1970 Government guidance on the construction of and

operation of facilities for the manufacture of pharmaceuticals in the UK was first

published in 1971 DHSS 1971 and was substantially revised in 1977 DHSS

9771

number of modifications were subsequently made to the PFC facility in order to

comply with the most recent Medicines Control Agency MCA guidance and to

increase the capability of the centre including

internal modifications during the early 1980s to re-route process streams and to

enhance the environment

construction of an extension with specialist laboratories for microbiology virology

and pilot-scale research laboratory which was completed in 1982/83

construction of an extension in the early 1990s with increased capacity for cold

storage aseptic dispensing product inspection labelling and packaging product

storage engineering workshops information technology and general

warehousing

Further equipment was installed to increase processing capacity including

new equipment in 1981 for thawing plasma for the preparation of Factor VIII

concentrate Foster et al 1982

new freeze driers in 1979 and in 1983 for the processing of coagulation factor

concentrates

new equipment in the mid-i 980s with increased capacity for the fractionation of

plasma for the preparation of albumin and immunoglobulin Foster et al 1986

specialist ovens in mid-1985 for controlled dry heat treatment of coagulation

factor concentrates

automated equipment in 1987 for the formulation of albumin products

new equipment in the early 1990s for the preparation of high-purity Factor VIII

concentrate including equipment specially designed for virus inactivation by

solvent/detergent treatment

new production equipment in 1998 to replace items potentially
contaminated with

the agent responsible for vCJD and which were not suitable for decontamination
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The PFC closed in 2008

5.2 Regional Blood Transfusion Centres

Responsibility for the recruitment and selection of donors the collection and testing of

donations the separation and storage of plasma for fractionation and the preparation of

cryoprecipitate lay with Regional Blood Transfusion Centres RTC5 There are five

RTCs located throughout Scotland viz

Aberdeen North East Scotland based at Forresterhill Hospital Aberdeen

Dundee East Scotland Based at Ninewells Hospital Dundee

Edinburgh South East Scotland based at the Royal Infirmary of Edinburgh

Glasgow West of Scotland based at Law Hospital Carluke until 2001

Inverness Northern Scotland based at Raigrnore Hospital Inverness

All of these RTCs were situated in established hospital premises whose development

was under the management of the relevant regional Health Board

The requirement for increased quantities of FFP to meet the amount estimated to

achieve self-sufficiency increased the workload of these RTCs considerably This is

illustrated in Table below where the quantity of FFP prepared at each RTC is given

for the years 1974/75 1978/79 and 1983/84

Table Fresh Frozen Plasma Provided by Regional Transfusion Centres1975-84

RTC Quantity of Fresh Frozen Plasma Kg %a

1974/75 1978/79 1983184

Aberdeen 228 1308 31146

Dundee 379 1129 2912

Edinburgh 3203 31 5602 27 13389 26

Glasgow 5373 52 11000 54 28525 56

Inverness 1140 11 16147 3077

All 10323 100 20553 100 51077 100

inclusive of FFP for cryoprecipitate

It can be seen that about 80% of the FFP was provided by the RTCs of Edinburgh and

Glasgow combined therefore it is these centres where the greatest increase in

workload was experienced
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5.2.1 Glasgow West of Scotland RTC

Glasgow West of Scotland RIO was situated at Law Hospital at Carluke

Lanarkshire which opened in 1939 and comprised large number of prefabricated

buildings in an open rural location The RIO was sited in detached dedicated

building complex at the boundary of the site with room for limited development without

interfering with any of the hospital premises The Glasgow RIO re-located in 2001 to

newly constructed premises at Gartnavel Hospital Glasgow

5.2.2 Edinburgh South East Scotland RIO

The Edinburgh South East Scotland RIO was situated at the Royal Infirmary of

Edinburgh RIE Lauriston Place Edinburgh Although the main hospital dated from

1879 new premises which integrated with the established building were provided for

the Edinburgh RIC in 1950 Plans to modernise the RIE were under consideration for

many years new hospital eventually opening at Little France Edinburgh in 2003 In

order to undertake its increased workload during this period the Edinburgh RIO utilised

number of different premises owned by Lothian Health Board in addition to the main

premises at RIE namely

buildings in Archibald Place adjacent to the main RIE

the area within the main RIO which was vacated when the manufacture of

plasma products was re-located to PFO at Liberton Edinburgh in 1975

Livingstone House formerly Livingston Memorial Hospital Oowgate Edinburgh

facilities in phase of the new RIE Lauriston Place Edinburgh

release of space for routine activities by the purchase of property at Bristo Place

Edinburgh for the establishment of an SNBIS RD laboratory

5.3 Know-How for the Prparation of SNBIS Ooaqulation Factor Concentrates

The development of the first Factor VIll concentrate by the SNBIS Oohn Fraction

was based on information obtained from the laboratory of Dr Oohn in the early 1950s

by Dr Drummond Ellis head of the SNBIS BPU Dr Ellis subsequently joined BPL

Elstree and was replaced at the SNBIS BPU by Mr John Waft in 1967

chance meeting in 1966 in Australia between Mr John Waft soon to be appointed

head of the SNBIA BPU/PFO and Dr Alan Johnson leading USA academic expert

in the preparation of coagulation factors resulted in advice being provided to the PFO

by Dr Johnson on the preparation of intermediate-purity concentrates of Factor VIII and

Factor IX with the preparation of the former being based on methodology devised by

Dr Johnson Newman et al 1971
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In addition to on-going communications with Dr Johnson and his colleagues at New

York University Medical Center NYU the RD staff of PFC and SNBTS obtained

specialist knowledge by number of routes including

undertaking their own RD
communicating with other plasma fractionation organisations especially

BPL Elstree and PFL Oxford England

Commonwealth Serum Laboratories Melbourne

Central Laboratory of the Netherlands Red Cross Amsterdam

Cutter Laboratories Bayer USA

Regional Transfusion Centre at Lille France with SNBTS methods

for the preparation of high-purity concentrates of Factor VIII and Factor IX

being based on methods devised at Lille RTC

attending relevant symposia and conferences

searching and reading relevant medical and scientific journals

interacting with university researchers including the sponsorship of PhD students

interacting with relevant experts at haemophilia centres

interacting with relevant experts at the UK National Institute for Biological

Standards Control

BLOOD PRODUCTS FOR THE TREATMENT OF HAEMOPHILIA

6.1 Introduction

People with haemophilia lack specific protein that is essential for blood to clot

properly There are two types of haemophilia designated and respectively with

the former being due to an absence of the protein factor VIII and the latter to the

absence of the protein factor IX In similar disorder of coagulation known as von

Willebrands disease vWD the missing protein is known as the von Willebrand factor

vWF
In each of these disorders replacement of the missing protein enables blood to clot

normally However the level of these proteins in normal blood or plasma is too low to

raise the level in the patient to that needed to control bleeding Proper treatment of

these disorders has only been possible using blood products in which the necessary

protein has been extracted from blood plasma donations and concentrated by

processing to obtain pharmaceutical product suitable for administration
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Generally the more concentrated or potent the product the faster the level can be

raised in the patient which in an emergency can be critical Normally the more pure

the product expressed as iu of factor activity per mg protein the easier it is to increase

the product potency expressed as iu of factor activity per ml of injection

In the UK the composition of Factor VIII concentrate for the treatment of people with

haemophilia is specified in the British Pharmacopceia For example in December 1980

it was specified that the resulting solution should contain not less than 3.0 Units per ml

and not less than 0.1 Units per mg of protein British Pharmacopceia 980 values

that were increased in 1981 to not less than 6.0 Units per ml and not less than 0.2

Units per mç/ British Pharmacopceia 1981 49

However additional processing needed to increase purity causes reduction in yield

expressed as iu factor per litre plasma For manufacturers who were aiming for

national self-sufficiency where yield was paramount it was necessary to find suitable

balance between yield and purity By contrast for those manufacturers who were not

aiming for self-sufficiency the balance between yield and purity was commercial

marketing consideration Consequently commercial products often tended to be

somewhat more concentrated and more potent than those prepared by national

manufacturers

Subsequently knowledge was gained which could be used to either increase yield or to

allow additional processing to be undertaken without large reduction in yield This

coincided with developments in virus inactivation technology and was used to introduce

this new technology without substantial loss of yield

Technologies for the preparation of very highly purified concentrates of coagulation

factors were devised in the late-I 980s and products of this type became available from

the early 990s however further yield penalties were incurred such that additional FFP

was required to maintain output

The various types of blood products which have been used in the UK for the treatment

of people with haemophilia are classified on this basis in Table

Table Different Types of Blood Product Used in the Treatment of Haemophilia

Purity Product Type Specific Activitya

iu per mg protein
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Purity Product Type Specific Activitya

iu per mg protein

Very low purity Plasma 0.02

Low purity Cohn Fraction 0.10

Cryoprecipitate
0.20

Intermediate NHS e.g NY Z88A HL 0.50 to 1.0

Purity CRV

Commercial 0.50 to 1.50

High Purity
NHS e.g 8Y ZO to 5.0

Commercial 2.0 to 8.0

Very High Purity NHS e.g Liberate Replenate 100 to 2000b

Commercial 50 to 3000b

typical average value

discounting albumin added as stabiliser about 10 IU per mg otherwise

As the concept of purity
has changed over time it is necessary to use the measured

specific activity of any given product to establish the correct classification of purity

6.2 SNBTS Products

preparation of Cohn Fraction Cumming et al 1965 was introduced by the SNBTS

then the Scottish National Blood Transfusion Association in 1956 for the treatment of

haemophilia and was the first concentrated form of factor VIII AHG available in

Scotland An early Factor IX concentrate for the treatment of haemophilia containing

factors Il VII IX was introduced in 1968

However supplies of this early Factor Vill concentrate were limited Watt et al 1972

and most treatment was provided by cryoprecipitate which was prepared at Regional

Transfusion Centres from 1966 Cash Spencely 1976 Forbes Prentice 1977

Whilst the new SNBTS Protein Fractionation Centre PFC was under construction

modern intermediate-purity concentrates of Factor VIlI called NY and Factor IX

called DEFIX for the treatment of haemophilia and respectively were developed

by the PFC in its facility formerly known as the Blood Products Unit at the Royal

Infirmary of Edinburgh in collaboration with leading authority Dr Johnson of New

York University Medical Center
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It was expected that the intermediate-purity coagulation factor concentrates would be

included in the range of products to be prepared at the new PFC facility being planned

However the quantities to be manufactured were not known as requirements for the

treatment of haemophilia were uncertain Scottish Home Health Department

197351 especially in tight of the dominant role being played by cryoprecipitate which

was prepared at Regional Transfusion Centres

The development of freeze dried cryoprecipitate was explored at the Glasgow and

West of Scotland Regional Transfusion Centre Milligan et at 198152 but was

discontinued after Medicines Inspectors advised that the equipment and procedures

did not reach the standard of Good Manufacturing Practice GMP expected in the UK

Although the SNBTS continued to supply frozen cryoprecipitate on demand its use in

the treatment of severe haemophilia was largely replaced by freeze dried Factor VIII

concentrates as this was the product of choice of haeniophilia doctors and of patients

and their representatives

The different coagulation factor products supplied by the SNBTS for the treatment of

people with haemophilia are listed in Table 10 below with their date of introduction

Table 10 SNBTS Coagulation Factor Products for the Treatment of Haemophilia

Date Product Purpose

1956a Factor VIII concentrate Cohn Fraction Treatment of haemophilia

freeze dried

19660 Cryoprecipitate frozen Treatment of haemophilia

and other disorders of

coagulation

1968a Factor IIVllIXX concentrate PPSB freeze Treatment of haemophilia

dried and other disorders of

coagulation

1971 Factor lI1XX concentrate DEFIX of Treatment of haemophilia

intermediate-purity freeze dried Treatment of haemophilia

with inhibitors to factor VIII

197480 Factor VIM concentrate NY of intermediate- Treatment of haemophilia

purity freeze dried

Dec Factor VIII concentrate NY of intermediate- Treatment of haemophilia

19840 purity freeze dried dry heat treated for

hours at 68C
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Date Product Purpose

Aug Factor IIIXX concentrate modified DEFIX Treatment of haemophilia

955C of intermediate-purity freeze dried dry heat

treated for 72 hours at 80C

Sep Factor VIII concentrate modified NY of Treatment of haemophilia

1985 intermediate-purity freeze dried dry heat

treated for 24 hours at 68C

April Factor VIII concentrate Z8 of intermediate- Treatment of haemophilia

1987 purity freeze dried dry heat treated for 72

hours at 75C or 80CiiFactor VIII concentrate of high-purity Treatment of haemophilia

solventldetergent treated

1992e Factor VIII concentrate Liberate of high- Treatment of haemophilia

purity solvent/detergent treated

1993e Factor IX concentrate HIPFIX of high-purity Treatment of haemophilia

solvent-detergent treated and dry heat

treated for 72 hours at 80C

ggse Factor VIII concentrate Liberate of high- Treatment of haemophilia

purity solvent-detergent-treated and dry heat

treated for 72 hours at 80C

prepared at the Blood Products Unitl Protein Fractionation Centre at The Royal Infirmary of

Edinburgh Lauriston Place Edinburgh

prepared at Regional Transfusion Centres in Aberdeen Dundee Edinburgh Glasgow and

Inverness

prepared at the Protein Fractionation Centre Ellens Glen Road Edinburgh

prepared for SNBTS at the Centre Regionale Transfusion Sanguine Lille France from

partially purified factor VIII solution prepared at PFC the date of introduction is when the

product was approved for clinical evaluation

prepared at PFC the date of introduction is when the product was approved for clinical

evaluation

6.3 Commercial Products

So great was the impact of treatment with coagulation factor concentrates that the

demand exceeded the availability of products prepared by the NHS and created

market for imported concentrates produced by commercial manufacturers
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predominantly from paid-donor plasma contrary to the WHO policy World Health

Assembly 1975

Commercial products have been approved by the Committee on Safety of Medicines

since 1973 Snape 1999 Commercial Factor VIII concentrate was recommended

by UK Haemophilia Directors Biggs 1974 Ingram 1974 Blackburn 1974

Dormandy 974 Jones 9745 and by the UK Haemophilia Society Prothero 9745

who urged that finance be provided for the purchase of commercial Factor VIII

concentrate pending sufficient local product being available It was only following this

advice that the use of commercial Factor VlIl concentrate began to increase

significantly Table indicating that the finance requested had been made available

by the UK Government

The principal commercial Factor VIII concentrates approved for use in the UK from

1973 to 2000 are listed in Table 11

Table 11 Commercial Factor VlIl Concentrates in the UK from human plasma

Armourt

Factorate

Company Purity Virus UK Licence

Product Name iu per mga Inactivation From To

Alpha Therapeutict

Prof ilate 0.5 none May 1975 n/k

Profilate HT 0.5 60C/24h dried Feb1985 Aug 1989

powder suspended

in organic solvent

Alpha VIII 6-8 20-305 S/D Dec 1992 n/kG

Alphanate 201005 SiDe May 2000 n/k

Baxter9

Hemofil 1.5 none Feb1973 n/kG

Hemofil 1.5 Dry heat 60C/72h Feb 1985 1989

Hemofil 11 20005 SIDe Jun 1994 2009

Factorate Gen II

HT Factorate

Monoclate

0.51.0

2-3

0.5 1.0

10 3000

none

none

Dry heat 60C/30h

Heat in solution

60C/I Oh

Mar 1976 n/kG

Sep 1979 n/k

Feb 1985 1986

Dec1989 2005
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Company Purity Virus UK Licence

Product Name iu per mga Inactivation From To

Cutter Biological1

Koate 0.51.0 none Jul1976 1988

KoateHT 1.0 Dryheat68C/72h Feb1985 19921

Koate HP 922 505 SIDe Jun 1994 n/kt

Immuno Ltd

Kryobulin 1.0 none Mar 1973 n/kt

Kryobulin TIM 1.0 Steam 60C/lOh Feb1985 1992

Speywood

Humanate 1.0 none Aug 1976 1986

international units of factor VIII activity per milligram of protein approximate values

formerly Abbot Laboratories later the Green Cross Corp Yoshitomi now Grifols

date not known to the SNBTS

discounting added albumin

treated with solvent/detergent for virus inactivation

later Centeon Rhone-Poulenc Rorer Aventis Aventis Behring now CSL Behring

also known as Hyland Travenol or Fenwall

also known as Miles Bayer now Talecris in the process of being acquired by Grifols

now Baxter

also known as Potion International now Ipsen

Koate Cutter product purchased by Speywood Wrexham and sold in UK as

Humanate

information provided by MHRA this Crown copyright material is reproduced by permission of

the Medicines and Healthcare products Regulatory Agency MHRA under delegated authority

from the Controller of HMSO

The extent to which these different products were used in the UK can be estimated from

the market share of sales enjoyed by each company
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Table 12 Share of UK Supply of Factor VIII Concentrate Held by Different

Commercial ComDanies Marketina Research Bureau 1994

Companya 1978 1980e 1981 1984 1987 1990 1993

Alpha 11 39 15

Armour 18 34 23 28 13 21

Baxter 19 11 12

Behring

Cutter 11 15 26

lmmuno 12 12

Speywoodb 13c1

ALL 56 71 61 61 68 20 41

commercial products only the remaining share was provided by NHS suppUers BPL and

SNBTS

excluding porcine-derived Factor Viii concentrate which was used in the treatment of patients

who had developed antibodies inhibitors to human factor VIII

total share of UK Factor VIII concentrate supply provided by commercial companies

factor VIII concentrate derived from human-plasma involved the commercial preparation of

Factor VIII concentrate in the UK using imported cryoprecipitate

based on data released by Department of Health under Freedom of information see

Breakdown of Brands of Factor VIII concentrate Used in UK Haemophiiiacs 1980 and 1981

wwwiaintedbloodinfo/timeline and Snape 1999

The 1975 WHO policy on self-sufficiency specified that blood or plasma should be

obtained from unpaid donors as it was well established that paid donors were more

likely to be infected with blood borne agents such as the hepatitis viruses Domen

1995 However commercial plasma products are derived predominantly from

plasma collected from paid donors in the USA where the volume of donation allowed

was much greater than elsewhere causing Titmuss to describe such donors as

blood proletariat Titmuss 970

in May 1983 the Director of the Communicable Disease Surveillance Centre

Galbraith 198356 and the Association of Scientific Technical and Managerial Staff

Veitch 983 proposed ban on the importation of Factor VIII concentrates from the

USA because of risk of transmission of the Acquired Immune Deficiency Syndrome

AIDS However the Haemophiiia Centre Directors HCDO 1983 Bloom 1983

the Committee on Safety of Medicines Committee on Safety of Medicines 1983 and

the UK Haemophilia Society Tanner 1983 Haemophilia Society 1983a

48



Glenarthur 1983a Glenarthur 1983b4 recommended continued importation and

opposed ban on commercial concentrates from the USA with the Haemophilia

Society advising its members that the risk of AIDS is tiny compared to the risks from

untreated bleeding episodes Haemophilia Society 983b65

HIV infection of people with haemophilia in the UK has been largely correlated with the

use of commercial concentrates Melbye et al 984 Moffat et al 985
presumably because they were prepared from plasma collected in the USA at time

when the epidemic of HIV infection was more advanced there than elsewhere

There is further evidence for this in the extent to which antibodies to HIV were detected

in immunoglobulin prior to donor screening with 16 of 17 batches of immunoglobulin

from US commercial plasma testing positive Gocke et al 986 compared with none

of 56 batches derived from donors in Scotland SNBTS unpublished results

Following the development of test for screening donors for infection with hepatitis

USA study found 10.5% of commercial plasma donors and 0.8 of unpaid donors

positive for antibodies to hepatitis Dawson et al 1991 whereas the proportion of

donors in Scotland who tested positive was 0.09% Crawford et al 1994

This much greater prevalence of hepatitis infection amongst USA paid plasma

donors was reflected in the different levels of hepatitis antibody detected in plasma

pools from which coagulation factor concentrates used in the UK were prepared with

89% of plasma pools from commercial manufacturers positive for antibody to hepatitis

compared with none for UK-donor plasma Minor 199071 There is evidence of

continued hepatitis transmission in England Wales by commercial Factor VIII

concentrates after the introduction of BY by BPL in 1985 Craske 198772

Commercial products which were not free from the risk of hepatitis transmission

continued to be purchased in the UK until at least 1990 For example Profilate HT

from Alpha had been shown to transmit NANBH Kernoff et al 1987 but still

represented 39% of the Factor VIII concentrate supplied in the UK in 1987 falling to

3% in 1990 Although the UK licence for Armours HT Factorate was withdrawn in

October 1986 because of the risk of HIV transmission Williams et al 1990 the

product appears to have retained 2% of the UK market share in 1987 By 990 some

7% of the Factor VIII supplied in the UK consisted of commercial products which were

not free from the risk of transmission of hepatitis It is not until 1993 that data on
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market share show that all of the commercial Factor VIII concentrate purchased in the

UK was essentially safe with respect to hepatitis transmission

More recently following the 1998 ban on fractionation of UK-donor plasma the SNBTS

has imported some plasma from commercial as well as non-commercial sources and

has therefore been in position to obtain comparative data Donations which had

tested negative for antibody to hepatitis by the supplier were tested by the SNBTS

for the presence of HCV by the more sensitive Nucleic Acid Amplification NAT test

One in 6000 paid donations and one in 140000 unpaid USA donations were found to

be positive compared with none of two million donations collected in Scotland that had

been tested in this manner SNBTS unpublished results These observations are

consistent with findings elsewhere van der Poel et al 2002

YIELD OF FACTOR VIII

7.1 Introduction

Obtaining the amount of plasma needed to satisfy demand for Factor VIII was major

challenge to transfusion services However the quantity of plasma required to meet

given demand is dependent on yield of factor VIII activity produced hence any

increase in yield reduced the amount of plasma required

Following the commissioning of the PFC in 1975 factor VIII yield became major

focus of study for the SNBTS especially when changes to the method for measuring

factor VIII activity made by NIBSC in December 1976 were associated with an

apparent reduction in yield see section 3.6 above The extent to which factor VIII

yield was increased by the SNBTS as result of its research is illustrated in Table 13

below in which the annual yield of factor VIII activity is given for the 7-year period

1977/78 to 1983/84

Table 13 Changes in the Yield of Factor VIII 1977/78 1981/82
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Yeara Plasma EVIl Produced FVII Yield Increase in

Iitres iuc iu/I Yield from

1977178

1977/78 11816 1.81 153

1978/79 13439 2.25 168 9.8

1979/80 15063 5.32 220 43.8

1980/81 19337 4.64 240 56.9

1981/82 22716 6.00 264 72.5

l982/83 34 163 8.16 239 562

1983/84d 54709 13.90 254 66.0

financial year from ft April 3ft March

estimated volume of fresh frozen plasma entering processing during each financial year from

which the specified Factor VIII concentrate was manufactured

amount in million international units of factor VIII activity produced after the removal of

samples for quality control

includes plasma from Northern Ireland

It can be seen that factor VIII yield increased each year from 1977/78 to 1981/82 with

an overall improvement of about 60 at the same time that the volume of plasma

processed increased 4.5-fold number of factors contributed to this increase in yield

7.2 Factor VIII Content of Plasma

Normal plasma contains 1.0 iu of factor VIII activity per millilitre by definition reducing

to 0.90 0.95 when collected into anticoagulant However the journey from the arm of

donor to the start of fractionation provides many opportunities for factor VIII activity to

be lost An intensive study of the factor VIII content of frozen plasma prior to

fractionation was undertaken by the SNBTS The principal discovery was that of two

different anticoagulant solutions that were being used in Scotland the plasma from one

had mean factor VIII content of 0.84 iu/mI compared with 0.60 iu/mI with the other

Prowse et al 1981 Use of the latter anticoagulant was therefore discontinued by

the SNBTS

The possibility of collecting plasma in reduced concentration of sodium citrate for

anti-coagulation was also explored by the SNBTS as means of increasing the stability

of factor VIII in plasma Prowse et al 1987 Despite encouraging results the
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technique was not implemented due to concern over the potential for increased

thrombogenicity of factor IX concentrate

7.3 Optimisation of Process Conditions for the Manufacture of Factor VIII Concentrate

Although the preparation of Factor VIII concentrate by the SNI3TS was based on the

method of Johnson Newman et al 1971 specific items of equipment had to be

selected and the optimal conditions of operation determined at each step of the

process Numerous studies were undertaken both in the research laboratory and by

monitoring production procedures directly Foster et al 95475 Features optimised

included

the type of centrifuge used for collecting cryoprecipitate and its temperature

control

the type of agitator mixer used for re-suspending cryoprecipitate

the pH at which extraction of factor VIII from cryoprecipitate was maximised

the proportion of aluminium hydroxide that had to be added to remove unwanted

proteins without excessive removal of factor VIII

7.4 Increased Yield and Quality of Factor VIII in Cryoprecipitate by Continuous-

Thawing of Plasma

The production of cryoprecipitate is the first step in the process from which Factor VIII

concentrate is manufactured and was identified as the point of principal yield loss

during the monitoring of the SNBTS production process on which optimisation was

based Prowse et al I981 As well as being the point of principal loss of yield the

outcome of this step also influences the composition and quality of the final product

Loss of factor VIII was considered to be due to two factors to damage occurring to the

protein during the time taken to thaw the frozen plasma and to particles of

cryoprecipitate re-dissolving after partial-thawing had taken place To avoid this

behaviour it was necessary to reduce the thawing time considerably whilst at the same

time avoiding any overheating of the solution as the extent to which factor VIII would

re-dissolve is temperature dependent To achieve these aims process for thawing

plasma continuously was devised Foster White 978Th to provide both faster

thawing and better temperature control than was obtained with conventional batch

thawing
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Evaluation of pilot-scale equipment which had been designed for this purpose was

begun in March 1979 Factor VIII yield was increased by 40% Foster Dickson

1980 leading to the established process of batch-thawing being replaced by pilot

continuous-thawing from July 1979

Large-scale equipment was designed and constructed Foster et al 198246 and was

introduced in January 1981 The increase in yield compared with batch-thawing was

sustained now being of the order of 50% ln addition the capacity of the process was

enhanced enabling greater quantities of plasma to be processed relatively easily

without loss of yield The solubility reconstitution time the purity specific activity and

the potency of the resultant Factor VIII concentrate were all increased Foster et al

1982 bringing these characteristics closer to those of commercial Factor VIII

concentrates that were being marketed in the UK at the time

Additional discoveries were made concerning the preservation of factor VIII activity

which subsequently enabled further processing to be introduced such as heat

treatment and increased purification without very high reduction in yield

These discoveries included

7.5 Addition of Calcium During the Manufacture of Factor VIII Concentrate

Monitoring the preparation of large number of production batches led to the discovery

that almost 20% of the factor VIII activity was being lost over the latter stages of

processing Prowse et al 1981 In investigating the mechanisms responsible for loss

of yield it was surprisingly found in late-1980 that the chemical sodium citrate which

was generally added during processing to stabilise factor VIII by preventing coagulation

Hynes et al 1969 Newman et al 1971 was responsible for making factor VIII even

more unstable

It was considered that this might be due to the preferential binding of calcium to sodium

citrate as this was known to be the mechanism by which citrate acts as an anti

coagulant suggesting that removal of calcium might destabilise the factor VIII

molecule This was consistent with an observation that calcium was involved in linking

together the sub-units of the factor VIII molecule Fass et al 198276

As the addition of citrate was necessary to prevent coagulation the possibility of

adding calcium to replace ionised calcium that had been removed was explored It was

discovered that the loss of factor VIII activity that had been observed was almost
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completely prevented leading to the addition of calcium becoming an important

ingredient in the mixture of chemicals used to formulate factor VIII solutions Foster et

al 1983 Foster et al 198

Although this discovery was made in the early 1980s further research was undertaken

to confirm the observation and to ensure that the addition of calcium would not have

any harmful effects Foster et al 198

Calcium addition was not used in the preparation of unheated factor VIII concentrate

but was used by the SNBTS in the preparation of pilot batches of its pasteurised Factor

VIII concentrate ZHT and in its Factor VIII concentrate Z8 that was dry heated for 72

hours at 75/80C McIntosh et al 1987 Hence the contribution made by calcium

addition to self-sufficiency was to reduce the degree of yield loss experienced by the

introduction of severe heat treatment from 1987 rather than to increase output per se

information on calcium addition was shared with the BPL who utilised this in the

preparation of their severely heat treated Factor Viii concentrate 8Y Smith 198680

The technique was also one of the changes made by Behringwerke in their modified

version of pasteurised Factor Vili concentrate Haemate Heimburger et al 1986

The addition of calcium to stabilise factor VIII has since become widely used in the

preparation of Factor VIII concentrates both from plasma and by recombinant

technology

7.6 Addition of Sodium Chloride During the Manufacture of Factor VIII Concentrate

in experiments performed during 1985 SNBTS researchers discovered that the

coagulant activity of factor VIII in solution was lost when the concentration of sodium

chloride fell below critical level Mcintosh Foster 199081 small increase in ionic

strength using low concentration of sodium chloride can also increase protein

solubility Cohn Ferry 194382 Foster 1994 Therefore sodium chloride was added

to the formulation of the new SNBTS product Z8 to increase both the stability of factor

VIIF and the solubility of the product Mcintosh 1987 Mcintosh Foster 199081

This procedure is now widely used in the formulation of Factor VIII concentrates both

from plasma and recombinant technology

SUPPLY OF SNBTS PRODUCTS FOR HAEMOPHILIA
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The SNBTS produced two products for the treatment of haemophilia cryoprecipitate

and Factor VIII concentrate and as the SNBTS was funded centrally both products

were supplied to the NHS in Scotland free of charge The choice of which product with

which to treat particular patient was the responsibility of the prescribing doctor

Factor VIII concentrate being generally preferred by UK haemophilia directors

However as significant quantities of cryoprecipitate were used to treat haemophilia

in the 1970s and because it remained an option as an alternative to concentrate during

the 1980s the amounts of cryoprecipitate produced by the SNBTS from 1975 up to

1990 are shown in table 14 Also shown is the quantity of Factor Vill concentrate

issued from the PFC to the Regional Transfusion Centres in Scotland up to the year

2000 by which time recombinant Factor VIll concentrate had largely replaced plasma-

derived factor VIII The amount of SNBTS factor VIII issued per head of population is

also shown in Table 14 both for Factor VllI concentrate and cryoprecipitate combined

and for Factor VIII concentrate alone

Table 14 Supply of SNBTS Products Suitable for the Treatment of HaemohiliaA

Scotland 1975/76 to 1999/2000

Yea Cryo FVIII Total Total Total

Conc md Cryo md Cryo Exci Cryo

iuY iuc lu lu /pop iuipop

1975/76 3.97 0.94 4.91 0.94 0.18

J976/77 2.80 1.36 4.16 0.79 0.26

1977/78 3.16 1.74 4.89 0.93 0.33

1978/79 3.52 1.86 6.38 1.03 0.36

1979/80 3.02 2.21 6.23 1.00 0.42

1980/81 2.60 3.58 6.18 1.19 0.69

1981/82 1.78 4.70 6.48 1.25 0.91

1982/83 1.29 4.86 6.15 1.19 0.94

1983/84 1.16 7.23 8.39 1.63 1.40

1984/85 1.27 6.85 8.12 1.58 1.33

1986/86 1.68 5.53 7.21 1.41 1.08

1986/87 1.28 7.46 8.73 1.71 lAS

1987/88 1.39 8.37 9.76 1.91 1.64

1988/89 1.16 793d 9.09 1.79 1.56

1989/90 2.48 7.42 9.90 1.95 1.46

1990/91 nile 8.96 n/a n/a 1.76

1991/92 nil 10.69 n/a n/a 2.10

55



Yea Cryo FVIII Total Total Total

Conc md Cryo mci Cryo Exci Cryo

iu iut iu hi /pop hi/pop

1992/93 nil 11.02 n/a n/a 2.17

1993/94 nfl 12.60 n/a n/a 2.48

1994/95 nil 11.91 n/a n/a 2.34

1995196 nfl 14.45 n/a n/a 2.84

1996197 nil 11.68 n/a n/a 2.30

1997/98 nil 8.45 n/a n/a 1.66

1998/99 nil 7.46 n/a n/a 1.47

1999100 nil 4.72 n/a n/a 0.93

year from April to 3f March

assumes 100 iu FVI1I per unit of cryoprecipitate figures refer to the total amounts of factor VIII

activity issued by the SNBTS Regional Transfusion Centres in the form of cryoprecipitate

cryoprecipitate was supplied on demand for the treatment of haemophilia and other

disorders of haemostasis

issue of Factor VIII concentrate from PFC to the SNBTS Regional Transfusion Centres

excludes stock stored at PFC

iu of SNBTS Factor VIII concentrate returned from Northern Ireland for use in Scotland in

exchange for commercial Factor VIII concentrate

cryoprecipitate considered unsuitable as an alternative to Factor VIII concentrate as

hepatitis safe FVIII concentrate from commercial source was licensed and available in UK

from Dec 1989

not appropriate

As the use of Factor VIII was increasing year-on-year in an unplanned manner the

extent to which output from the SNBTS was sufficient to meet clinical demand can be

estimated by comparing year-by-year output from the SNBTS per head of population

with the average year-by-year use of Factor VIII per head of population The

monitoring of Factor VIII use was undertaken on UK basis by the UK HCDO

therefore data obtained by HCDO can be transformed to the amount of Factor VIII per

head of population and compared with the amount supplied by the SNBTS This

comparison is shown in Table 15 both for cryoprecipitate and Factor VIII concentrate

combined and for Factor VIII concentrate alone

Table 15 The Degree to Which the Supply of Factor VIII by SNBTS Matched

Clinical Use of Factor VIII in the Treatment of HaemophiIia 1975/76

to 1999/2000
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Veara Average use of FVIII in UKb Proportion of Clinical Use

Matched by SNBTS FVIII Supply

lu per head population average UK use per pop

Intl Cryo Exci Cryo Intl Cryo ExcI Cryo

1975/76 0.48 0.19 196 95

1976/77 0.64 0.32 123 81

1977/78 0.77 0.39 121 85

1978/79 0.83 0.63 124 57

1979/80 0.93 0.77 107 54

1980/81 1.05 0.91 113 76

1981/82 1.20 1.08 104 84

1982/83 1.30 1.21 91 78

1983/84 1.30 1.21 125 116

1984/85 1.40 131 113 101

1985/86 1.42 1.36 99 79

1986/87 1.56 1.50 110 97

1967/88 1.59 1.55 120 106

1988/89 1.75 1.71 102 91

1989/90 1.85 1.75 105 83

1990/91 n/a 1.99 88

1991/92 n/a 2.26 93

1992/93 n/a 2.49 87

1993/94 n/a 2.49 100

1994/95 n/a 2.64 89

1995/96 n/a 2.51 113

1996/97 n/a 2.43 95

1997/98 n/a 2.28 73

1996/99 n/a 1.88 78

1999/00 n/a 1.74 53

year from 1st April to 31st March

estimates for the financial year derived from annual Jan Dec data from HCDO excluding

recombinant FVllI which obtained European approval in 1993

calculated from the supply of factor VIII given in Table 13 excludes stock of SNBTS FVIII

concentrate stored at PFC

The data from the SNBTS is normally reported for the financial year ie April to March

whilst data from the UK HCDO are for the calendar year In Table 15 the average UK

use of Factor VIII concentrate for each financial year has been estimated from data
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published for the calendar year

The amount of Factor VIII concentrate used in Scotland has been reported in

Appendix of the Preliminary Report of the Penrose Inquiry for each calendar year

from 1980 to 1991 In order to make an accurate comparison between production of

Factor VIII concentrate by the SNBTS and the amounts of Factor Viii concentrate used

in Scotland data have been obtained from individual records of every batch of Factor

VIII concentrate produced by the SNBTS from 1979 to 1985 The amounts

produced at PFC for use in Scotland are compared with the amounts used clinically for

each calendar year from 1979 to 1985 Table 16

Table 16 Production of Factor VIII Concentrate by SNBTS and Clinical Use of

Factor Viii Concentrate in Scotland 1979 to 1985

Year Amount of FV1II Amount of Amount of Total Amount

Produced by SNBTS FVIII commercial of FV11I used

the sNBTsa used clinically EVIII use Clinically

iu iu iu iu

1979 2.74 1.76c 0.72c 2.48

1980 3.73 3.87 0.96 4.83

1981 5.58 348 1.22 4.70

1982 6.68a 475 0.52 5.27

1983 9.8l 5.73 0.39 6.12

1984 8.18 5.89 0.05 6.94

1985 673a 5.67 nil 5.67

production of Factor VIII concentrate for Scotland i.e amounts produced have been adjusted to

exclude the production at PFC of Factor VIII concentrate for Northern Ireland

figures derived from Appendix of the Preliminary Report of the Penrose Inquiry September 2010

data27 from Table page 26

excludes commercial Factor VIII concentrate Koate used at Glasgow Royal Infirmary data not

given in the Preliminary Report of the Penrose Inquiry

includes 1.59 iu of Factor VIII concentrate that was distributed to BPL England in 1984

includes 0.54 iu of Factor VIII concentrate that was distributed to BPL England in 1984

In order to maintain supplies of essential treatment at time when demand was

uncertain the SNBTS supply chain comprised stocks of Factor VIII concentrate stored
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at the Regional Transfusion Centres RTCs and reserve stock held at the PFC in

addition to stocks held at the haemophilia centres and at the homes of individual

patients

Stocks of Factor Viii concentrate held at the RTCs are included in the amounts of

Factor VIII concentrate supplied by the SNBTS given in Table 15 However Tables 15

and 16 do not include the stock of Factor VIII concentrate in storage at PFC which

requires to be taken into consideration when assessing the extent to which output from

the SNBTS was sufficient to meet demand The stock of Factor Viii concentrate held

in storage at FF0 at 31 March each year from 1975/76 to 1988/89 is given in Table 17

expressed both in units of activity and in terms of the number of months supply

available

Table 17 Stock of SNI3TS Factor VIII Concentrate Stored at FF0

Year Stock of EVIl Concentrat Supply at Current rate of

iu iu per pop Us months

1975/76 0.18 0.03 19

1976/77 0.37 0.07

1977/78 0.33 0.06 1.8

1978/79 0.42 0.08 1.5

1979/80 1.40 0.27 4.2

1980/81 1.56 0.30 4.0

1981/82 1.21 0.23 2.5

1982/83 3.15 0.61 6.0

1983/84 1.60 0.31 3.1

1984/85 554C 1.27 11.6

1985/86 5.90 1.15 10.1

1986/87 5.30 1.04 8.3

1987/88 1.50 0.29 2.2

amount of finished product in storage at PFC on 316t March

estimated according to average rate of use in the UK according to HCDO returns

excludes distribution of 2.1 iu of SNBTS Factor VIII concentrate to BPL to avoid out-dating

of unused product

It is important to appreciate that these stock figures are cumulative and represent the

total stock available at the year end not the change in stock Nevertheless the figures

suggest that SNBTS Factor VIII concentrate was available if required in addition to that
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issued to RTCs An estimate of the availability of Factor VIII at each year from 1975/76

to 1987188 taking the PFC stock into account is given in Table 18

Table 18 Amounts of Factor VIII Available from the SNI3TS Compared with the

Amounts Used Clinically 1975/76 1987/88

Year Total SNBTS FVIII Availabl Proportion of Clinical Use Matched

by Available FVIII from SNBTS

iu per pop average UK use per pop

IncI Cryo Exci Cryo IncI Cryo ExcI Cryo

1975/76 0.97 0.21 202 111

1976/77 0.86 0.33 134 103

1977/78 0.99 0.39 129 100

1978/79 1.11 0.44 134 70

1979/80 1.27 169 136 89

1980/81 1.49 0.99 141 109

1981/82 1.48 1.14 123 105

1982/83 1.80 1.55 138 129

J983/84 1.94 1.71 149 142

1984/85 2.85 2.60 204 197

1985/86 2.56 2.23 180 163

1986/87 2.75 2.50 177 166

1987/88 2.20 1.93 138 125

amount of factor VIII available at each point in time year not every year as product

withdrawn from stock one year would reduce the amount available subsequently

The data in Table 18 indicate that at any point in time the SNBTS had available

sufficient Factor VIII to meet average UK clinical practice if cryoprecipitate was

considered to be suitable to supplement Factor VIll concentrate If cryoprecipitate is

excluded then with exception of the two year period 1978/79 -1979/80 the availability

of Factor VlIl concentrate from the SNBTS was sufficient to meet average UK clinical

use throughout this period

COMMERCIAL PRODUCTS IN SCOTLAND

9.1 Commercial Products and Their RgplatoryApproval

Despite governmental support of national self-sufficiency commercial products were

licensed and marketed in the UK Table 11 and were available for clinicians to
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purchase Information held by the SNBTS prior to the publication of the Preliminary

Report of the Penrose Inquiry on the purchase of commercial Factor VIII concentrate

in Scotland is summarised in Table 19

Table 19 Plasma-Derived Factor VIII Concentrates in Scotland from Sources

Other than the SNBTS

Year Amount of EVil Proportion of Total FVIII in Scotland

lu md Cryo ExcI Cryo

1977/78 93 22.3

1978/79 0.86 13.8 31.6

1979/80 0.98d 15.8 30.7

1980/81 1.37d 18.1 27.7

1981/82 1.40d 17.8 22.9

1982/83 l.04 14.5 17.6

1983184 0.lld 1.3 1.5

1884/85 Oo3e 0.4 0.4

1985/86 olle 1.5 1.9

1986/87 o17e 1.9 22

1987/88 o.13a 1.3 1.5

1988/89 1.7Y 15.9 17.8

1989/90 1.24t 11.1 14.3

1990/91 0.79t n/ 8.1

1991/92 O.4 n/a 4.0

1992/93 124 n/a 10.1

1993/94 0.98 n/a 7.2

1994/95 081g n/a 6.4

1995/96 107 n/a 6.9

1996/97 1.04 n/a 8.2

1997/98 Q7Q9 n/a 7.6

1998/99 o.oi n/a 0.1

1999/00 0.85 n/a 15.3

amount purchased in the financial year excludes recombinant FVIII does not

necessarily equate to use in the corresponding period except for 1992/93 to 1999/00

see footnote

based on FV1II issued by the SNBTS in the corresponding financial year excludes

stocks of Factor VIII concentrate stored at the PFC

estimate

obtained from Haemophilia Directors/Pharmacists
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obtained from the SHHD

obtained from Chief Administrative Pharmaceutical Officers

use of FVIII obtained from Haemophilia Directors does not necessarily equate with

purchases in the corresponding period

not appropriate assumes that cryoprecipitate would no longer be considered suitable

for the treatment of haemophilia as hepatitis-safe concentrate from commercial

source was approved in the UK in December 1989

9.2 1977178 to 1982/83

Information on the purchase of commercial Factor VIII concentrates was not collected

centrally in Scotland However figures obtained by the SNBTS from Scotlands

Haemophilia Directors and from hospital pharmacies Table 19 are consistent with the

use of commercial Factor VIII concentrates in Scotland recorded by HCDO Table

especially as each batch of coagulation factor concentrate had 2-year shelf-life and

would therefore not necessarily have been used in the same year that it was

purchased

breakdown of the purchase of commercial Factor VIII concentrate in Scotland by

region is available for the period 1978/79 to 1982/83 and is shown in Table 20 This is

based on information held by the SNBTS prior to the publication of the Preliminary

Report of the Penrose Inquiry

Table 20 Regional Purchase of Commercial Factor VIII Concentrate 1978/79-

1982/83

Yea Purchase of Commercial Factor VIII Concentrate iuf

Aberdeen Dundee Edinburgh Glasgow inverness All Regions

1978/79 0.01 nil nil 0.85 nil 0.86

1979/80 nil nil nil 0.98 nil 0.98

1980/81 nil nil 0.46 0.91 nil 1.37

1981/82 nil nil 0.73 0.67 nil 1.40

1982/83 nil 0.03 0.46 0.55 nil 1.04

Total 0.01 0.03 1.65 3.96 nil 5.65

financial year April to 31st March

information obtained by SNBTS Directors from Haemophilia Directors and Pharmacists
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Of the total amount of commercial Factor VIlI concentrate purchased by the Scottish

Health Service at this time 29% was purchased by the Edinburgh region and 70% by

the Glasgow region It has been reported that 38 people with haemophilia were

treated at Glasgow Royal Infirmary with commercial Factor VIII concentrates some of

whom were infected with HIV Melbye et aL1984 Madhok et al 1985 whilst at the

Royal Hospital for Sick Children in Glasgow imported Factor VIII concentrate was

used until 1984 Scottish Home Health Department 1984

In the period 1977-1979 the incidence of overt NANBH associated with the use of

commercial concentrates was reported as being from to 20 times greater than with

NHS products Craske 1981M whilst for the period 1980-1 982 the SNBTS Factor VIII

concentrate was associated with the lowest degree of overt transmission of NANBH in

the UK Craske 1983

review of stock levels of SNBTS Factor VIII concentrate at RTCs and at PFC

undertaken in November 1983 Perry 198386 noted that in November 1982 the stock

stood at approximately iu and had risen to approximately iu by November

1983 In May 1984 review of stocks held at Regional Transfusion Centres disclosed

that stock of 4.5 million iu of SNBTS Factor VIII concentrate was available at the

Glasgow Regional Transfusion Centre Hopkins 1984 quantity which exceeded

the total amount of commercial Factor VIII that had been purchased by the Glasgow

region since 1978/79

The stock of SNBTS Factor VOl concentrate in Scotland was so high that SNBTS

transferred 2.1 million iu to BPL in 1984 to avoid batches outdating and to reduce the

amount of commercial Factor VIll concentrate needed in England Wales at time

when the risk of HIV transmission via commercial products was at its highest

9.3 1983/84 to 1987/88

Factor VIII purchased during this period is believed to have been of porcine origin to

treat patients with inhibitors antibodies to human factor VIII It is believed that little or

no commercial Factor VIII concentrate of human origin was purchased in Scotland

during this 6-year period even though the issue of Factor VIII concentrate from the

PFC to the RTCs fell some 20% below the UK average use of concentrate in 1985186

Table 15
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9.4 1988189 and 1989/90

For the first time since 1982/83 significant amount of commercial Factor VIII

concentrate was purchased by Scotlands Haemophilia Directors Table 19 This

occurred at time when there was marked increase in average use of Factor VIII

concentrate in the UK Table

Supply of Factor VIII concentrate Z8 by the SNBTS was not sufficient to meet this

level of use as factor VIII yield had been reduced by heat treatment manufacturing

difficulties had occurred before stocks had been established to cover contingencies

and there had been little or no increase in the provision of plasma for fractionation

since 1983/84 Table

Although cryoprecipitate remained available as an alternative to concentrate for at

least some clinical situations all Scottish Haemophilia Centres purchased commercial

Factor VIII concentrate in 1988/89 whilst both Edinburgh and Glasgow made further

purchases in 1989/90 Table 21 with commercial products averaging about 16% of

supply In order to minimise exposure in patients not previously treated with imported

products Haemophilia Directors arranged to transfer about iu of commercial

Factor VIII concentrate to Northern Ireland in exchange for Factor VIII concentrate Z8

that had been manufactured by the SNBTS for Northern Ireland

Table 21 Factor VIII Concentrates Purchased in Scotland 1988/89 and 1989/90

Yea Product Factor VIII Concentrate Purchased iu
Aberdeen Dundee Edinburgh Glasgow Inverness All

1988/89 Monoclate pd 0.17 0.17

Profilate HTe 0.15 0.92 0.40 0.85 0.05 2.37

All Products 0.15 0.92 0.57 0.85 0.05 2.54

1989/90 Monoclate 0.13 0.05 0.18

Prof ilate HTa 0.45 0.52 0.97

Hemofil Mt 0.05

0.04 0.04

All Products 0.67 0.57 1.24

financial year April to 31M March
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excludes purchase of activated Factor IX concentrate FEIBA Immuno and porcine

Factor VIII HyateC Speywood for the treatment of inhibitors antibodies to factor

VIII

excludes purchase of 8Y BPL for the treatment of von Willebrands Disease

high-purity Factor VIII concentrate Armour pasteurised for 10 hours at 60C to

inactivate viruses licensed in UK i3 December 1989

intermediate-purity Factor VIII Concentrate Alpha lyophilised powder heat treated in

an organic solvent suspension for 24 hours at 60C to inactivate viruses risk of

transmission of NANJBH Kernoff et al 1987 licensed in UK from 1985 to 1989

high-purity Factor VIII concentrate Baxter treated with solvent/detergent to

inactivate viruses licensed in UK 6th June 1994

high-purity Factor Vlll concentrate Octapharma treated with solvent/detergent to

inactivate viruses licensed in UK 281h July 2005

includes approximately iu of Factor VIll concentrate subsequently exchanged for

Factor VIII concentrate Z8 that had been supplied by the SNBTS to Northern Ireland

9.5 1990/91 to 1998/99

Factor VIll concentrate from commercial sources which could be considered as

essentially safe with respect to hepatitis was first licensed in the UK in December

1989 Monoclate Armour providing an alternative to SNBTS Factor VIII concentrate

that could be considered to be safer than cryoprecipitate

As demand for Factor VIII concentrate continued to increase year-on-year the SNBTS

responded by extending the use of OAS and by introducing plasmapheresis to obtain

normal plasma for fractionation by this route see section 4.2 with 45% increase in

FFP over the two years 1989/90 -1990/91 Table Despite these efforts it proved

difficult to keep pace with the increase in use of Factor VIII concentrate in the UK

Table 15

During this period Scotlands Haeniophilia Directors continued to purchase small

quantities of Factor VIII concentrate from sources other than the SNBTS ranging from

4% to 10% per annum Table 19 With the exception of 1990/91 when 0.05 iu of

an intermediate-purity Factor VIII concentrate was obtained all purchases of human

Factor VIII concentrate known to the SNBTS concerned high purity products prepared

by immuno-purification using monoclonal antibodies i.e Monoclate Armour and

Replenate BPL

Although immuno-purified concentrates were regarded as safe with respect to
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hepatitis they are believed to have been purchased primarily because of belief

that they might have therapeutic advantage in HIV-seropositive patients Gomperts

et al.1992 Watson Ludlam 199289 Although high-purity Factor Vill concentrate

had been introduced by the SNBTS in 1991 Table 10 this was not immuno-purified

and unlike immuno-purified concentrates had not been the subject of clinical studies

concerning immunemodulation The theory that immuno-purified concentrates were

superior in this respect was later shown to be incorrect Mannucci et al 1992 with

viral infection being found to have been responsible for immunological abnormalities

rather than the degree of protein purification Berntorp 994 Berntorp 99 which

had been hypothesized by proponents of immuno-purified concentrates

Recombinant Factor VIII concentrate was granted European licence in 1993 and its

uptake was faster in Scotland than elsewhere in the UK resulting in reduction in the

proportion of Factor VIII concentrate being provided by the SNBTS Table 15 In

1998 the Scottish Department of Health decided to fully fund the purchase of

recombinant Factor Viii concentrate as precaution against the then theoretical risk of

vCJD transmission

At the same time the use of UK donor plasma for the preparation of plasma products

was banned Department of Health 1998 for the same reason thereby eliminating

the possibility of national self-sufficiency and making patients in the UK dependent on

products manufactured from plasma collected elsewhere Prior to the closure of the

PFC the SNBTS obtained most of this plasma from unpaid donors with volumes of

donation comparable to those allowed in the UK

10 OTHER COUNTRIES

10.1 England Wales

The situation in England Wales has been considered in detail in reports from the

Department of Health Department of Health 20061 and in the report of the inquiry

conducted by Lord Archer of Sandwell Archer et al 20092

It was not until 1981 that the true scale of demand for Factor VIII concentrate was

recognised see Table It was then estimated that 400000 litres of plasma would

have to be collected and processed per annum to meet this demand
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The principal problem in meeting these objectives was that the processing capacity of

the existing BPL plant at Elstree was 150000 litres of plasma per annum yielding only

about 40% of the Factor VIII concentrate required The Baroness Trumpington

198592 This estimate was made prior to the development of heat treatment which

reduced yield and on the introduction of 8Y resulted in substantial reduction in the

output of Factor VIII concentrate from BPL prior to the new BPL facility coming on-

stream in 1988

The absence of the necessary fractionation capacity delayed the drive by Regional

Transfusion Centres in England Wales to collect the quantity of plasma needed

This is illustrated in Table 21 in which the amount of plasma collected on population

basis is compared to that of Scotland for the period 1982/83 to 1988/89

Table 22 The Amount of Fresh Frozen Plasma Collected in England Wales

Compared with Scotland 1982/83 to 1988/89

Year Amount of Fresh Frozen Plasma Kg per million population

England Wales Scotland

1982/83 3000 7446

1983/84 3800 8717

1984/85 4850 8593

1985/86 6100 8653

1986/87 6200 9142

1987/88 7250 8913

1988/89 7550 10650

In 1982 the British Government decided to construct new facility at BPL with

capacity to process 500000 litres of plasma per annum rather than to utilise spare

capacity at PFC or to develop PFC further DHSS 19824S although it had been

estimated by the SNBTS that the PFC could process 100000 kg of plasma for NBTS

on an interim basis and 270000 kg plasma per year with an investment of 1.2

beyond that needed for Scotland and Northern Ireland Cash 198242 When the new

BPL facility opened in 1987/88 the amount of plasma being collected was still

somewhat lower than the pre-heat treatment target of 400000 litres per annum

equivalent to about 7800 litres per million population The yield of factor VIII with 8Y

was only 130 iu per kg plasma and about 30% of the factor VIII concentrate needed

continued to be obtained from commercial sources DHSS 19889a
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The impact of this situation on the provision of Factor VIII concentrate in England

Wales is illustrated by the experience of the West Midlands Area Heath Authority

region with population equivalent in size to that of Scotland

Table 23 Use of Factor VIII Concentrate by the West Midlands Regional Health

Authority from Laird 988

Year3 FVllI Used FVIII Used BPL Commercial

iii iu per p0pb 04

1980 4.1 0.80 32 68

1981 5.4 1.06 52 48

1982 6.4 1.25 41 59

1983 62 1.22 52 48

1984 7.5 1.47 53 47

1985 65 1.27 14 86

1986 97 1.90 25 75

1987 11.0 2.16 15 85

calendar year from January to 31 December

based on population of 5.1 million

Key points to note are

maximum contribution from BPL to the West Midlands of little over 50% in 1983 and

1984 when equivalent figures for the SNBTS supply to Scotland were 94% and over

99% respectively see Table

marked increase in use of Factor VIII concentrate in 1986 following the

introduction of heat treated products in 1985

very high proportion of commercial Factor VIII concentrate in 1985 1986 and 1987

period when commercial products were not safe from transmission of HCV and

when there was little or no commercial Factor VIJI concentrate used in Scotland

Prior to 1985 when commercial coagulation factor concentrates carried the greatest

risk of infection from NANBH and from HIV the proportion of Factor Vill concentrate

supplied to England Wales by BPL never exceeded 50% Subsequently supply from

BPL was at its lowest during 985-1987 during the transition to heat treatment and the

introduction of 8Y Table falling as low as 14% and 15% in the West Midlands

Region in 1985 and 1987 respectively Table 23
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Although BY was subsequently shown to be safe with respect to transmission of

NANBH Colvin et al.1986 and HCV Colvin 1990 Pasi et al 1990 Rizza et al

l993 paflents continued to be infected with hepatitis Craske198772 as significant

amount of commercial Factor VIII was still being used Table The first commercial

Factor VIII concentrate that was safe from transmission of RCV Monoclate was not

approved for use in the UK until December 1989 Table 11

10.2 Other Countries

The state of self-sufficiency for blood and plasma products in Europe was reviewed for

the Council of Europe in 1989 van Aken 1993 The use of Factor VIll concentrate

in different countries varied from 0.4 to 6.0 iu per inhabitant with an average in 1986 of

1.5 iu per inhabitant It was concluded that self-sufficiency could be achieved with 40-

60 donations of whole blood per 1000 inhabitants if there was rational use of blood

products and optimal use of plasma products with lower threshold of whole blood

donations if plasmapheresis was used The performance of different countries is

illustrated in Table 24 for 1986

Table 24 Self-Sufficiency Performance of European Countries 1986 based on

van Aken 1993

Country Blood Plasma Plasma by FVIII Use

Donations Litres per apheresis

per 1000 pop 106 pop iu per pop

Scotland 59 9019 nil 1ff

EnglandlWales 42 6000 1.1 1ff

Belgium 64 23664 50.2 2.4

Denmark 79 15365 4.5 6.0

France 60 11091b 22b 1.7

Germant 42 8837d 27.8 3.0

Greece 37 2000 nil 0.6

Ireland 40 4350 20.8 1.0

Italy 38 1821 2.0 0.9

Luxembourg 61 21067 31.6 3.4

Netherlands 50 10916 6.1 2.5

Portugal 15 2033d i.6 0.7

Spain 22 2447 1.0 1.8
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UK average

bdata for 1988

Federal Republic of Germany

data for 1989

Of the 13 countries listed Scotland ranked 5th in the number of whole blood donations

collected and 6th in the amount of plasma provided despite being virtually unique in

having no contribution from plasmapheresis at that time

The survey noted that in 1989 about 30% of the Factor VIII used in Europe was

imported from the USA with estimates being Germany 100 iu Spain 40 iu

the United Kingdom 30 iu Italy 27 iu the Netherlands iu and Austria

unknown

By 1989 Belgium Denmark Finland France Luxembourg Norway and Switzerland

reported being self-sufficient according to WHO criteria whilst countries reporting that

they had not reached self-sufficiency were Germany Greece Italy The Netherlands

Portugal and Spain The United Kingdom reported being self-sufficient according to its

own definition that The principle of self-sufficiency therefore means that the supplies

of domestically sourced blood products should be sufficient both in range and

quantity to meet the needs of all patients whose clinicians prefer these to other

available products Acheson 199012 However according to the WHO definition

England Wales never achieved self-sufficiency at any time

Of those countries reported as achieving self-sufficiency Belgium SNBTS 198196

and Switzerland had both depended predominantly on freeze dried cryoprecipitate

product which was discontinued by the SNBTS on advice from the Medicines

Inspectors Following the development of heat treated Factor VIII concentrates

continued use of unheated freeze dried cryoprecipitate in Switzerland was associated

with HIV infection in 67 haemophiliacs The Director of the Swiss Red Cross was later

found guilty of allowing HIV-infected blood products to be distributed to haemophiliacs

and was given suspended prison sentence New York Times 99997

In Denmark pressure in the early 1980s from patients and the media led to very high

levels of Factor VIII concentrate being used to treat patients with an inhibitor antibody

to factor VIll Known as the Bonn protocol the large amounts of Factor VIII involved

meant that supplies of domestic product were severely depleted Commercial

concentrates were therefore imported from the USA and were prescribed not only to
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inhibitor patients but to many other haemophiliacs subsequently 64% of Danish

haemophiliacs were found to have been infected with HIV AIbk 1999 with

infection being correlated with the consumption of commercial Factor VIII concentrate

imported from the USA Melbye et al 198466

11 CONCLUS1ONS

Virtually all developed countries in the world aspired to national self-sufficiency in the

provision of blood products using only donations from unpaid volunteers yet few have

ever achieved this objective The supply of blood products for the treatment of

haemophilia presented the greatest challenge as demand increased dramatically from

the mid-1970s once the benefits of treatment with Factor V1II concentrates were

realised Treatment evolved from hospital-based therapy to home treatment of

incipient bleeds to current routine baseline factor VIII replacement prophylaxis

Some countries such as Belgium and Switzerland aimed for self-sufficiency by

supplying cryoprecipitate for the treatment of most people with haemophilia In other

countries such as the UK Factor VIII concentrate became the treatment of choice of

most clinicians In Scotland the SNBTS provided both cryoprecipitate and Factor VIII

concentrate with supply of concentrate exceeding that of cryoprecipitate by 1980/81

If cryoprecipitate is accepted as having been suitable for the treatment of

haemophilia when there was shortfall of Factor VIII concentrate then sufficient

factor Vill was supplied by the SNBTS to provide treatment at the average UK level

throughout the period from 1975/76 to 1989/90 except for 1982/83 when only about

90% of the UK level was supplied Table 15 although reserve stock was available

Table 18

If cryoprecipitate is considered to have been unsuitable as an alternative to

concentrate when there was shortfall in the amount of Factor VIII concentrate from

the SNBTS then supply from the SNBTS did not fully match the level used in the UK

until 1983/84 Despite this apparent shortfall in supply of Factor VIII concentrate

production of Factor VIII concentrate at PFC exceeded that amount of concentrate

used throughout during 1979 to 1985 except for 1980 when the amount used double

in one year considerable amount of Factor VIII concentrate which had been issued

from PFC to the RTCs remained unused by 1984 Most commercial Factor VIII

purchased in Scotland in the early 1980s was obtained by haemophilia centres in
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Glasgow and was comparable in quantity to the unused stock of SNBTS Factor VIII

concentrate that had accumulated at the Glasgow Regional Transfusion Centre

Supplies of Factor VIII concentrate from the SNBTS were sufficiently strong thereafter

to avoid commercial Factor VIII concentrate being purchased in Scotland until 1988/89

at which point finance was provided to allow the SNBTS to increase the supply of

plasma for fractionation

The SNBTS was virtually unique amongst European countries in not utilising

plasmapheresis during the 1980s to enhance the supply of normal plasma for

fractionation The strong performance of the SNBTS was achieved despite this by

estimating future growth in demand for Factor VIll concentrate more accurately

than had been achieved previously in the UK

increasing the number of donations of whole blood

recovering plasma from all donations by rigorous implementation of component

therapy

the possession of fractionation facility with capacity to process all of the

plasma provided

the possession of the knowledge and expertise necessary to manufacture Factor

VIII concentrate

substantially increasing the yield of factor VIII by applying knowledge gained from

research development activities

After 1989/90 small quantities of commercial Factor VIll concentrate continued to be

purchased in Scotland for the treatment of some patients for whom the product in

question was considered by the treating physician to be more beneficial than that

available from the SNBTS
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