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These notes have been produced primarily to facilitate
d‘iscussion with regard to the future SNBTS planning of
the availability of factor VIII and IX concentrates
within the Scottish Health Service.
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FACTOR VIII CONCENTRATES

Whilsi jt is recognised that many problems have yet to be solved
with regard to the optimal management of haemophilia A patients and thus
the requirements of factor VIII concentrates, the time is opportune to
reconsider the SNBTS facility to meet genuine clinical needs.

The aim of the SNBTS is to eliminate the necessity for the purchase
of factor VIII concentrates from commercial concerns and, in discharging this
duty, close collaboration with Haemophilia Centre Directors is both welcomed

and anticipated.

TRENDS AND PRESENT SUPPLY/DEMAND POSITION
(Year ending 31st March, 1980)

1.01 Total Fresh Plasma processed for Factor VIII Concentrates (Kg)

(Details in Appendix 1 (a))

1975 1976 1977 1978 1979 1980

10,323 14,363 16,295 19,581 20,553 25,059

1.02 Total Cryoppt. Issued from Regional Centres (Donations)
(Details in Appendix 1 (b))

1975 1976 1977 1978 1979 1980

35,048 39,736 28,018 31,151 35,199 30,273

1.03 Total PFC Issues of Intermediate VIIT (i.u. x 10%)
(Details in Appendix 1 (¢))
" 1975 1976 1977 1978 1979 1980

0.11 0.79 1.33 1.55 1.66 1.99

1.04 Commercial Purchases of Factor VIII

Satisfactory figures are only_available for 1979 and 1980. These are
as follows:-

1979 .. .. .. 850,000 i.u.

1980 .. .. .. 1,000,000 i.u.
(Until 1980 commercial purchases were made exclusively in the West of
Scotland. 1981 figures will show that other Regions are now purchasing
commercial factor VIII.).

1,05/....
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2.01

2.02

2.03

1.05 Summary (i.u. x 10%)

~ 1975 1976 1977 1978 1979 1980
Cryoppt.* ' 3.50 3.97 2.80 3.15 3.52 3.02
P.F.C. 0.11 0.79 1,33 1.85 1.66 1.99
Commercial (0.05) ‘0.09) (0.5) (0.7) 0.85‘ 1,00

TOTAL (3.66) | (4.8 | (a.63) | 5.0 6.03 6.01

*Assumed each donation gives 100 i.u. of factor VIII.

"Figures in brackets are 'guesstimates’.

FUTURE DEVELOPMENTS IN DEMAND

This is a particularly difficult problem at the present time, primarily
because the practice of Home Therapy is still evolving, the appropriate method
of managing patients with inhibitors is unresolved and the unequivocal evidence
that haemophilia patients are living longer, thus increasing the overall population
and becoming subject to similar disease processes of older age-groups in the non-
haemophilia population which are amenable to surgical intervention.

Despite these difficulties efforts are now required which will enable the
SNBTS to formulate long term plans which can, if necessary, be adjusted at a
later date. In seeking to obtain comment and guidance the author would make
the following comments, which are based on discussions with colleaguesnin various

parts of the world (including the U.K.).

(i) Home Therapy for Severe Cases

; Home Therapy now covers 2 wide variety of clinical approaches and dosage
regimes. Some examples are given below:-

Lord Mayor VWest Germany
Oxford Newcastle  U.S.A.* Treloar (Bonn)

Annual Requirement
per patient (i.u.) 20,000 50,000 65,000 100,000 200,000

* Requirement per
108 total population
per year (ju x 10%) 0.7 1.75 2.3 3.5° 7.0

* Calculations assume 70 haemophilia patients/lo6 pop. and
50% are severe.

O Figure likely to be excessive for overall calculations because
population is unusual (young school boys) .

+ Discussion with Dr L. Aledort (New York).

(ii)/....
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2.04

2.05

2.06

2.07

3.

(ii) Mild and Moderate Haemophiliacs (without inmhibitors) and
Von Willebrand's Syndrome

Surveys over the years would indicate that this group is likely to be
satisfactorily covered by 250,000 i.u./lo6 pop./yr.

(i1ii) Inhibitor Patients

This is a controversial area with regard to optimum therapy. Suggest
most clinicians would favour (if available) high doge VIII, in preference to
immunosuppression/plasmapheresis and animal VIII, for severe ehergency situations.

Suggest 2 such patient episodes/loe total pop./yr. and would each need
250,000 i.u,/episode: thus an additional 500,000 i.u. p.a.

(iv) Elective Surgery

Suggest: 50,000 i.u. per major operation
20,000 i.u. per mindr operation
1,000 1i.u. per dental treatment
Suggest, also, that for each 108 total pop./yr. there would be a requirement
for 2 major and 2 minor operations and 20 dental procedures. Thus, in approximate
terms, it would be advisable to provide an additional 150,000 i.u./lo6 total pop./yr.
for this item.

(v) Increasing Age of Haemophilia Population

The improved life expectancy of haemophilia patients over the past.10
years is now self-evident and it can be assumed that very many more patients
will live into middle and old age. Thus, the total population requiring
ordinary factor VIII maintenance will increase. In addition will come a
likely heightened demand for blood resources (in line with the non-haemophiliac
community) due to the increasing incidence of surgery and/or support for diseases
associated with an ageing population: cardiovascular diéease; malignancy and
orthopoedic (fractured neck of femur).

It is almost impossible to cover this ares of expansion, because of the
extreme paucity of data available to us. However, further studies are being
done and, in the meantime, we might be well advised to consider an expansion
factor of 100,000 i.u. per 108 pop. per annum for the mext 10 years. This
is likely to be a significant under-estimate.

SUMMARY/....
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2.08 Summasx )

I believe it would be appropriate, for planning purposes, to accept
the figures from Newcastle for the single largest contributor {Home
Therapy) .

It is probable that this figure has a sufficient margin of clinical
flexibility to make it realistic for the next 10 years.

Based on this assumption the following Table can be drawn up:-

VIII (i.u.)/10%
total pop./yr.

Home Therapy 1.75
Moderate/mild etc. patients 0.25
Inhibitor Patients . 0.50
Elective Surgery 0.15
Ageing of Population 0.10
Total .. ‘oo .e ‘e 2.75 (Reading 3.75 in 1996)

P.F.C. FACTOR VIII YIELDS

3.01 Over the years there has been considerable controversy and misunder-
standing with regard to the definition of fractionation yields. The figures
given below are unambiguous: they refer to the number of i.u, of factor VIII
(produced by P.F.C.) which will reach the bed-side per litre of fresh frozen

plasma processed:-

1975 1976 1977 1978 1979 1980
193 195 148 165 190 250
3.02 P.F.C. staff have made considerable efforts, from mid 1978, to improve

yields. This includes the development and introduction of a new system for
thawing of fresh frozen plasma. Further improvements of existing equipment
are anticipated: current data would suggest that an average figure of 300 i.u./
litre will be achieved by mid 1981, Support for this conclusion can be

found by comparing the figures below:- '
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3.03

4.01

4.01

5.01

Fresh Plasma (Kg) to Issue of VIII (x 106 iu)

P.F.C. from Regions from P.F.C. to R.T.C.s

1979/80 1980/81 1979/80 1980/81
1ist Quarter 5087 5176 0.45 0.82
2nd Quarter 4220 5626 0.53 0.92
3rd Quarter 4033 5369 0.57 1.13

Available evidence from various parts of the world indicates that

‘yields from plasma pools of less than 1000 litres for an intermediate

concentrate of 250 i.u./litre can be considered to be more than satis-

factory.

REGIONAL CENTRE (CRYOPPT.) YIELDS

Evidence from recent surveys in the U.K. and VU.S.A. (American Red Cross)
would suggest that this type of product gives an average yield of at least
400 i.u./litre of plasma processed. There is good evidence to suggest newer
approaches to the cryoprecipitation procedure will elevate this to in excess of
500 i.u./litre. (It is worth emphasising that these newer approaches have
been introduced to P.F.C. and partly explain the recent improvements there.
However, the further purification steps which are to be made and the demands
of Good Manufacturing Practice give rise to the. further losses.)
] Recent preliminary studies in the SNBTS (West of Scotland) have confirmed
that freeze-drying of cryoprecipitate results in a negligible loss and that
current RTC yields are therefore likely to be maintained. The final product

can be stored in a domestic refrigerator.

QUALITY OF FACTOR VIII CONCENTRATES

Although a somewhat over-simplification, currently available factor VIII

concentrates can usefully be banded into 3 groups:-

VIiII/mg. protein Max. Solubility Yield
(i.u.) i.u./ml. {i.u./litre)
Group I (Cryoppt.) < 0.2 25 450
Group I1 (Intermediate) 0.2-0.5 5-20 250
Group III . > 0.5 > 20 180
(High Purity)
EIVRES
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6.

5.02 The recent declaration by Her Majesty's Government that it is the
intention, in the U.K., to develop its Blood Transfusion Services to such
an extent that we are self-sufficient in blood and blood products makes it
vitally important that all interested parties examine the question of the
quality of factor VIII concentrates in some detail. In doing so it is the
view of the author that it must be recognised that limitations on financial
resources will certainly represent the single most important barrier which
will prevent an early ideal solution for haemophilia A patients. Set
against this, however, is the fact that the 'ideal solution' is not yet
known and that these patients must inevitably, to some extent, share
f£inancial resources with others. Thus, without detracting from the
urgent need for action, it should be recognised and accepted by all
parties that compromises of some sort will be an essential pre-requisite
for the foreseeable future. The parties concerned include the patients
and relatives, the clinical teams responsible for their care, the Blood
Transfusion Services (which include their Fractionation Centres) and the
Medicines Inspectorate (the body concerned with establishing and policing
codes of good manufacturing practice).

5.03 It is of interest to consider the future fresh plasma requirements for
Scotland, based upon the proposed target of 2,75 x 106 i.u, VIII/106 pop./yr.
and product options (yields).

Litres of FFP Litres/108

per annum pop./yr.
Group I only 32,000 6,000
Group 1I ﬁnly 57,000* 11,000
Group III only _ 79,000% 15,000

(* Fractionation at these levels will almost certainly lead to
significant excesses in albumin availability. Current annual
donation input of SNBTS is approx. 280,000. 200 ml. of plasma
from every donation would give approx. 56,000 litres of FFP.)

5.04/....
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5.04 The existing annual donation input is high by international standards
and with it comes 2a high red cell wastage (in excess of 35% - 70,000 donations
p.a.). These high red cell wastage rates, coupled with increased future
demands for fresh plasma, are leading the SNBTS to consider the desirability
of developing a plasmapheresis programme for fresh plasma.

5.05 The figures provided in the sections above indicate that in order to
meet the desired aim of self-sufficiency considerable compromise will be
necessary with regard to the quality of products prepared. It is of interest
to note that countries in which substantial fractionation facilities have
already been developed have, nevertheless, opted to make freeze-dried cryoppt.
the single major product for haemophiliacs (Switzerland, Finland, Netherlands,
Belgium and France). (Moreover, in the U.S.A., a country in which the cost
of VIII per i.u. is the lowest in the world, they still use approximately 45%
of the VIII concentrate in the form of cryoppt. - on the grounds of cost to the
patient - and one major organisation is now considering the desirability and
feasibility of producing a freeze-dried product.)

5.06 These European countries use intermediate and high purity preparations
only when indicated ~ many Home Therapy programmes are dominated by freeze-
dried cryoppt. Detailed data (for 1980) is available from two countries:-

Total Volume of Fresh
Plasma Obtained (litres)/ | % to F.D. % to
106 pop./yr. Cryoppt. A.H.F.
Belgium 11,000 80 20
Finland - 7,000 85 15

SPECIFIC PROPOSALS FOR DISCUSSION

6.01 1. That a target for 2.75 x 10° 1.u. of VII1/10% pop./yr. be considered as
the one to which the SNBTS shduld aim for the next 5 years with an increment
thereafter of 100,000 i.u. p.a.

6.02 2. That Freeze Dried Cryoppt. be produced, with a view to studying, on a
multicentre basis, its role in Home Therapy, with specific emphasis
on side effects, efficacy, practicability and cost.

6.03 3. That studies be considered and planned with a view to delineating the
clinical role of intermediate VIII and a higher purity VIII.

6.04 4. That P.F.C. be encouraged to undertake studies to:
(a) Further improve the yield of intermediate VIII (which would

include increased pool sizes). .
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(b) Develop a product of higher potency (per mg. total
protein) than intermediate VIII.
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9.

FACTOR IX CONCENTRATES

SUPPLY AND DEMAND

7.01 Fortunately, because of the much smaller number of haemophilia B
patients than A, the supply of these products is always more than adequate,
with one exception, see below. P.F.C. issues to Regional Centres can be

summarised as follows:-

1975 1976 1977 1978 1979 1980
DEFIX

(II, IX & X)

(x10€ iu of IX) 0.5 0.71 0.76 1.1 0.86 1.0
PPSB

(II, VII, IX & X)

(1.u. of IX) 27,000 | 57,000 | 105,000 | 130,000 | 70,000 | 44,000

PROBLEMS AND MATTERS OF INTEREST

8.01 1. Viral Hepatitis Transmission

Several reports have implied that the risks of transmitting agents likely
to cause hepatitis is higher for factor IX than VIII concentrates. The evidence
is not firm but may relate to differences in pool size (the former usually being
larger). Nevertheless, continuing efforts are being made to improve matters
and a stage has been reached at P.F.C. when clinical studies will scon be

required (see below).

8.02 2. Thrombogenicity

Evidence has been accumulated from many parts of the world that gsome
preparations of factor IX concentrate are thrombogenic in man - varying from
local thrombosis to fatal disseminated jntramuscular coagulation. Patients
at particularly high risk are those with liver disease. “This latter feature
is of particular importance because haemophilia B patients are a high risk
group for hepatitis and the use of factor IX concentrates in the management
of haemostatic failure agsociated with liver disease in general has increased
in popularity over the last 10 years, as has their use in the acute reversal of
oral anticoagulant therapy and in the neonate.

8.03/....
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10.

8.03 ,‘The SNBTS has been fortunate in this area: it has’a research group
particularly interested in the problem, which now has anm international
reputation, a range of products which appear to have an excellent record
and two new products which gseek to improve the positibn further (see below).

8.04 This problem is of more than academic interest to all clinical colleagues
in Scotland because there is considerable pressure from the U.K, licensing
authority to limit the use of factor IX concentrates to haemophilia B, on the
grounds of safety and known efficacy. Indeed, it has been informally indicated
to P.F.C. that PPSB will not get a licence on grounds that there is a satisfactory
(? superior) alternative - DEFIX.

8.05 It is the view of the author, and others, that there is a need (though
limited) for factor IX concentrates in the management of some non haemophilia B
patients and that a minority of these will also require factor VII, It is
accepted that PPSB is not an ideal product from a transfusion service point of
view because it requires EDTA anticoagulant and thus the red cells, platelets

and factor VIII are lost.

3. Partial Solutions

9.01 Two new products are currently at an advanced stage of development:

(a) Supernine:

Further purification of DEFIX has led to a product which we
believe may be both safer with regard to virus transmission and

thrombogenicity.

(b) Factor VII Concentrate:

This product, not quite as well advanced as Supernine, will

be ideal for congenital VII deficient patients - none known

in Scotland. It's primary use will be to administer separately
to those non-haemophilia B patients who need VII in addition to
II, IX and X.

SOME PROPOSALS/....
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11,

SOME PROPOSALS FOR DISCUSSION

10.01 1, Haemophilia Diféctdrs agree to initial clinical studies of Supernine
which will lead to the issue of a product licence. Subject to
agreement, Dr Cash (or deputy) and Mr Watt (or deputy) liaise with
appropriate colleagues in order to establish clinical studies.

10.02 2. As (1) but for factor VII concentrate when available.

10.03 3. Establish systems for determining quantities of factor IX concentrates

used in haemophilia B and non-B patients on an annual basis.

39)20
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APPENDIX 1 (a)

SNBTS: FRESH PLASMA PROCUREMENT _FOR _FACTOR VIII PRODUCTION

1075° 1976 1977 1978 1979 1980
Litres Litres Litres Litres Litres Litres
peg pes pe pe§ peg peg
Litres | 10° Pop| Litres | 10° Pop|Litres | 10~ Popl Litres| 10 Pop] Litres 10 Popt Litres |10 Pop

Cryoppt.* 235% 158 192 257 220 449

ABERDEEN To P.F.C. 3 43 129 654 1,188 1,831
TOTAL 228 459 |, 201 404 321 646 911 1,833 1,308 2,632 12,280 4,588

Cryoppt. 167 195 56 200 123 57

DUNDEE To P.F.C. 212 484 792 864 1,006 1,572
TOTAL 379 g8o8 | 679 1,366 | 848 1,808 | 1,064 | 2,269 | 1,129 4,838 | 1,620 | 3,473

Cryoppt. 1,846 2,535 2,176 1,994 2,720 3,183

EDINBURGH To P.F.C. 1,357 2,611 4,347 4,985 3,982 3,786
TOTAL 3,203 2.839 | 5,146 4,562 | 6,523 5,782 | 6,979 | 6,187 5,602 4,966 | 6,969 6,178

Cryoppt. 4,454 5,112 3,047 3,765 3,678 2,785

GLASGOW To P.F.C. 819 1,457 4,163 5,573 7,322 9,574
TOTAL 5,373 1,878 | 6,569 2,296 | 7,210 2,520 | 9,338 3,264 11.000 3,845 112,359 4,320

Cryoppt. 318 497 Nil Nil 11 3

INVERNESS | To P.F.C. 832 1,271 : 1,393 1,289 1,603 1,819
TOTAL 1,140 5,067 | 1,768 7,858 1,393 6,191 1,289 5,729 1,514 6,729 | 1,822 1 8,098
GRAND TOTALS 10,323 2,210 [14,363 3,297 [16,295 3,389 19,581 | 3,856 0,553 4,602 p5,059 5,314

* Cryoppt. converted to litres by multiplying donations processed by 0.2
° Year ending 31at March
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APPENDIX 1 (b)

SNBTS: REGIONAL CENTRE ISSUES OF . CRYOPPT. (DONATIONS)

1975° 1976 1977 1978 1979 1980

ABERDEEN 1,124 1,967 1,005 1,258 1,320 1,987
DUNDEE 833 1,049 192 922 603 343
EDINBURGH 9,232 11,112 9,970 11,069 13,329 15,375
GLASGOW 22,27i 24,515 ‘16,800 17,032 19,922 12,568
INVERNESS 1,588 1,003 51 Nil 25 Nil
TOTALS 35,048 39,736 28,018 31,151 35,109 30,273

% vra. ending 31st March
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