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Clotting factor concentrates are available today in great variety, safe from transmitting most viruses, at declining
prices. Great advances have been made in less than two decades. We now have the luxury of choosing among many
excellent products. The frequency of recent withdrawals of concentrates is not an indication of lesser safety but of
increased vigilance, often excessive, over every aspect of plasma collection and testing and of concentrate manufacture.
If any step deviates from perfection, if a donor later remembers a possible risk, a lot may be recalled. We are frustrated
with recalls for trivial reasons, sometimes ieading to destruction of large amounts of safe products, with shortages. In the
USA, the FDA and fractionators are working together to avoid such wastage.

THE RAW MATERIAL — DONORS AND PLASMA

Donors should be healthy persons at low risk for viral infections commonly transmitted in blood products. There
is no easy formula for setecting good donors. In each part of the world, persons with insight into locel risks and behavior
must interview and examine donation candidates. Questions about risky behavior or exposure usually are refined after a
great deal of experience with misinterpretation. At the moment, Creutzfeld-Jacob disease is receiving attention. There is
no evidence that it can be transmitted by blood transfusion but, given its serious nature, long incubation period and
sometimes familial occurence, donors are questioned about the presence of the disorder in family members as well as
about personal exposure to human brain tissue {e.g. growth hormone injections) or dura mater transplants.

Passionate debates circle around the desirability of not compensating donors at all versus compensating them
with money or with some other benefit such as a day off work. All systems have been used successfully in various places
at various times when the donors are selected well.

At the present time, most plasma coliected for commercial fractionnation is obtained by plasmapheresis of paid
donors in the USA. in some European countries, volunieer plasmapheresis doners have provided a 1arge proportion of
domestic plasma needs. Plasma also is salvaged from whole blood donations, nearly all of whlch comes from unpaid
donors, in North America and westem Europe.

Which are betier — volunteer whole blood donors or paid plasmapheresis donors? The argument rages. The most
popular view is that volunteers always are better. However, whole biood donors often donate only occasionally, and are
less well-known to the blood bank than repeat plasmapheresis donors.

When plasma is salvaged from whole biood, the blood already may have been stored for days or weeks. Some
degeneration of clotting factors make have taken place. According to one current hypothesis,

degenerated factor VIH in plasma separated late from whole blood donations may have been the cause of an outbreak of
inhibitors in previously-reavily-treated recipients of one brand of concentrate.

Plasma from plasmapheresis is centrifuged promptty, usually by skilled personnel dedicated to that task.

Serologic tests on each donor help reduce the possibility of viremia. Standard screens in the USA include tests
for syphillis, hepatitis B antigen, hepatitis C antibody, HIV 1 and 2 antibody, the HIV marker p-24 antigen and the liver
enzyme alanine aminotransterase (ALT). Recently, some fractionators in the USA and Europe have tested pooled
plasma and/or final containers by nucieic acid techniques (PCR, polymerase chain reaction, and similar methods) for
such viruses as hepatitis A, B and C, HIV, and parvovirus B-19. As this technology becomes more efficient, it witi
become widespread. Individual donors whose serologic {(antigen and antibedy) tests were negative may be identified as
infected by nucleic acid techniques. Al tests have lower limits of sensitivity, so a lightly-infected donor can escape
detection by the most sensitive modem method. Some plasma banks quarantine donations of plasma until a donor
retums and again tests negative, proving he was not in the early stages of infection at the time of the previous donation.
Some banks will not use plasma from a donor who never returns, or from the final donation of a repeat donor.

Some persons question the size of pools, that is, the number of donations of plasma put together for
fractionation. Modem fractionation methods require large volumes of plasma for efficiency and-cost-effectiveness.
Reducing the number of donations per pool from, for example, 20,000 to 5000, would have major deleterious effects on
production efficiency but give little benefit to patients. It is assumed that most large pools contain donations from a few
individuals with low-level, undetected infections. A single undetected infected donor is diluted more in a pool of 20,000
donations than in a pool of 5,000, but exposure to four lots of product each made from a pool of 5000 donors is
equivaient 10 exposure to one |ot made from a pool of 20,000 donors. Most patients with moderate to severe hemophilia
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seoaive ransfusions from multiple loty, s0 are exposed o 2 large number of different poois. Bven ¥ o palient could lmit
his exposure 1o one jot, he could ondy hope that he chose 3 ot froe of undstested Infection.

FRACTIONATION AND VIRAL MACTIVATION

Mathods of separation of factor VIl from plasma include pracipitation or separation with athanol, cold
{oreoprecipitation), glycine, glyoine with heparin, polyathylans glyool, el fltrstion, lon exchange chromstogephy or
affinity chromastography which often is performad using monoctons! antibodies as sltractants. Prothrombin complex or
factor B separation methods include polysthylene glveol precipiiaiion, DEAE abaorplion (sometimes with hepagn), i
calcium phosphate sbsorption, and affinlly chromsetography which is sometimes performed using monocionsg! antibodies
2 atiractants. Recombinant DNA lachaoiogy has been used to preduce both factor VI and facter IX in hamaster oell
cuftures. Reoombinand factyr Vill is suspended in humsn plesma-derived albumin ud recombinant factor 1¥ doss not use
hurran proleins,

Which method is ideal? The goal for plasma-derived products s 1o separate the clotting facior afficiantly, not
activaling or otherwise disturbing the facter motenule, leaving the residusl plasms profeins in good condition for
fractionation into other products. There may be an sdvantage o separeting the targeted factor fram those facions with
witieh it associates, that is, to schieving a high lnval of purification, in order to avold any complication from the unwenisd
fackors (such as thrombosis frym un-needed aolivaiad factors of prothrombln compied or to separsts the wented facor
from any contamingnt microbes. Afindly chromatography i85 sepeciatly sullable for ihe lathy, because, while the fadoris
ahtached o the sitractant, (he cohenn Con Do washed to id # of mush of the wwwanded projeins srd contamingnds. A high
iovel of separgtion, however, My necessitale buffering of fetter Vi with sdded human stburmin. Hesl-treated aibumin
nag gn excoben safely revord, Highty surified facior Vi made with monosionsi-antibody olfinty chwomatography
comans no von Willelrand facior, @ lack which may be of imporiance in misdizgnosed patiers, those with Hiver diseass
ot thase using very large amounts of the concentrate, as for sugery, instaaces in which the patlent's own von Willebrang
factor gy o suffice o ranspot fector VBT i cirsudation.

Resombinant cloting feciors made in cullures of colls into witich normat humso genes for factor Vi or B have
been inserted have been produced in reoent yeers, The advamiage i thet v lorge supply can be - ade withou! rollance on
huren pasma 25 8 raw material To separats the human factor VIH or IX from the cullurs medivm, 8 process such as
monoclonst antibody affinity chromatography must be used. Do recombidnant clotting festors bave disadvaniages? To
date, thelr use has inoreased in popularly i developed countries. The cormmin percaption is et the danger of
frangmitting & virpl infection 1S oveided. For some brands, howeyer, i s slieged that meny batches sre discarded
becnusy of microbial growth i ool culiure,

wirg! ingotivation has developed repidiy over the past two tdecades a3 methods beoams available i protedt
coamdation factors from delsterious offects and as metheds became gvaiiable o svaluate e efficacy of various
ireatments, Barly virskinsotvatad concentrates were producey i very smisll smounis by highlv-dnefficient metheds. The
miost common methods of virg! inactivation in use nday sre heat ang sobveni-tdelergent tregtment. Meat con be goplied
during processing whils concentiste is In schaion {(pasteurizationt, or after lyophilleation while suspersied in hot siaem
ungar pressure of whils suspended iy a0 orgenis solvant, or after bottling by baking (“dry™y the final vial, To survive
heating, clotiing fectors must be suspended in stebilizars. Pasteurization and vapor hesting heve boan effecthve agsinst
HIV and hepatitis. RBaking dry o lowsy temperstures (8.g. 88 ©) proved effactive ageingt HIV but tigher temperatures,
BO-100 ©., wars nesded for adeguate hepatitls virus Wi, Solvent-detsrgent tregiment of plasme or intermadisle produsis
couses litthe damages to dotiing faciors Dut kills lipid-envaloped virusus inchuding MY, HBY and MOV elficlencly, but has
fittle inherant effect againgl non-envaiopetd viruses such as hepatiiis 4. Sodivm thocyanale tealrment i used for ong
fagior DX concentrate, B8 paretvirys can resist &l known ingctivation mathods. Factor B is & sufficiently smal
moiscule to make use of ultrafilteation or the mors advansed nanofiitration © gliow faclor I 1o poss through the filter
whille holding back alt the knowr pathogens ncluding B-19 parvovinus,

Methods used iy virabinaGivide whole pisame, inchling solveni-teiergent resiment or addiion of methviene
hiue with white-Hght bradiation, may provide 5 produdt for unusest clotting factor deficlencies such 85 fantor ¥ or factor X
for which no concerdrste exists, or may provide improved slerling meterial for cryoprecipiiale or ollier concenirale
proguntion.

i the USA, as well as in other couniries, survellance of patients wilh hemophilia for viral infections has boen
sarried ot for over o decade. No-one iy the USA has aoquired HIV from concenirate prensred from Hiviiested donors
gnd virglinaciivaled by any method, The st BV serocomversion was in 1287, Sonw hepathis B and © sesotmvarsions
were suspected but they wers rarg, HepsBlls A, which is ransmitted infreguently by Dloud products, infected soms
peliens through sohvent-dutargent ireated congentrate, prasurmably due o the presence of ssymptometio vieemds
dongrs. The smegente of hepatitls A a8 » bood-borme pethogen has lad to campalnns i vecoinals freguently-
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transfused patients against hepatitis A as well as against hepatitis B, and to viral-inactivate concentrate by two methods,
one of which, at least, kills or filters out hepatitis A. Some factor 1X concentrates now are treated with solvent-detergent
(or heat, or, in one instance, sodium thiocyanate) followsed by filtration. Some factor Vi concentrates now are treated
with both solvent-detergent and heat methods.

Two European concentrates were found to provoke inhibitors in previously-heavily-treated patients and were
withdrawn. One concentrate was produced by a new separation technology and heated in solution. The other was treated
with both solvent-detergent and heating in solution. For a period of time, heating in solution became suspect. However,
other pasteurized or dual-inactivated concentrates have not provoked excess inhibitors, The relationship, if any, between
provocation of inhibitors and the type of concentrate or its viral-inactivation is not yet clear and requires careful ongoing
surveillance of recipients, incuding identification of their gene mutations, for certain mutations are much more associated
with inhibitors than others. Careful management of ptasma to avoid factor deterioration also may be important, as
mentioned above.

CONSIDERATIONS IN CHOOSING A CONCENTRATE

Some preferences are based on well-documented medical evidence, some on poorly-documented medical
evidence and some on hypothetical medical advantages. Preference alsoc may be based on refiable availability and on
price, a major censideration nearly everywhere in the world. Advertising to physicians and to families sometimes creates
demand for certain products, which is nol always based on proven advantages.

Highly-purified factor IX concentrate (that is, containing very littie or no contamination with other fators of the
prothrombin comptex) is preferred strongly over prothrombin complex in situations in which thrombosis is more likely
than usual: surgical operations, massive trauma with release of tissue thrombopiastin, CNS traumae, intensive and
iengthy use of concentrate, patients with & history of thrombosis, patients with severe liver disease who have diminished
ability to clear activated factors, and newbom infants with immature livers. Children and adults without the above risk
factors who need factor 1X can be treated with prothrombin complex concentrate.

Highly-purified factor Vili concentrate has been advocated for use by HIV+ patients because some studies have
shown a slower decline in CD4 counts in patients using such concentrates than in patients treated with intermediate purity
products. In highly-developed countries, highly-purified concentrate usually is given to HiV+ patients in the hope that it
may be of benefit and in fear of criticism if such concentrates are not used in those patients. There is no evidence that
the use of highly-purified concentrate prolongs life, or prolongs the period of between seroconversion and the emergence
of symptomatic AIDS. Since highly-purified concentrates do not contain von Willebrand factor (except for the brand
called “Alphanate” from Alpha or “Fandhi® from Grifols), and since some patients with advanced HIV infection have
serious liver dysfunction and respond less well to concentrates without vWF, a few patients are put back on intermediate-
purity concentrates (or on “Alphanate” or “Fandhi”). HIV+ patients for whom only intermediate-purity concentrates are
available should not feel deprived of 2 major advantage. The evidence that high-purity concentrate is beneficial is very
weak.

Recombinant ooncentrates have been chosen or advocated in some countries because of the presumption that
contamination with human viruses, known and unknown, will not be present, It is unlikely that viruses survive in the
pasteurized albumin used to stabilize recombinant factor Vill concentrates. Temperatures used to cultivate cells may
encourage growth of microbes during the manufacture of recombinant concentrates. No-one, as yet, is known to have
been infected by a recombinant concentrate. These relatively new products need to be subjected to the same recipient
surveillance as do plasma-derived concentrates.

Concentrates available today from westem European and North American commercial sources have excellent
safety records. Choosing ameng them often becomes a matter of price, propaganda and availability. With increasing use
of recombinant concentrates in some wealthy countries, a surpius of plasma-derived concentrates may ensué with
correspondingly lower prices. Negotiation is the key to a good concentrate price, but, in too many countries, the profit to
the intermediate agent exceeds the wholesale price of the product. A medest profit to hemophilia centers, which have
few other means of suppon, is justified. When choosing between a lower-price and a higher-price concentrate, both with
excelient records of safely, when the total budget is fixed, it is better to allow patients a targer supply of lower-price
concentrate than to buy & lesser amount of a higher-price product. In most of the world, patients are under-treated.
Commercial companies often direct propaganda both to doctors and to patients to try to convince them to demand a
particular brand of concentrate.

The availability of a given brand of concentrate may change ovemight, for example, because of a factory
breakdown. [f is often useful to have on-going contracts with more than one fractionator. It also is useful to have a good
national or regional blood bank service where well-screened plasma can be obtained. Some countries fractionate their
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o plasma 5o that they have the mechanism and facliities for some of sl cwn nesds, and supplement thelr self
sufficisncy | netessary, with imports. Other Countries promote partiel seifsufficiency by means of tonlradt
fractionation, that is, sending domestic plasma o & large, officlent fractionator {usunily In anmher counbiy) 1o be
procossed nty plasme products whith are retumed (o he country of origin. If preferences in conconirale fypes changs,
i sontract can be changed (o3 Gifferent fractionstor. The less! expensive sltemative ususlly I8 imperiation of
soncanirats made from forsign plasme, Contreot Tractionaiion 15 neatly alweys e avpensive. Bullding factionstion
plants for domestic concentrate praduction is very expensive, Small, pre-fabricated fractionation unils have been
develsped n Swoeden (Phamacis) but of e severs! in use around the world, only ons producss fadtor VI congenirate
#t the moment gnd none produce facior X conventizte.

The gvaliabifity of concerntrales for rare clolting fector disorders aleo i important. A7 the moment, sommercisd
conosntrates of virying svallahifity include sctivated prothrombin comphex (Bexter, lmaans) and plasmasderiveg
{LFB Franoe) or recomblnant (RNovoNonlisk) activated factor Vi for patlenis with factor Vi or DU inhibitors, porsine $ador
W concentrate for patients with Taclur Vil inhibltors (Speywood), factor X concentrate (BieProtucts and LFE)Y fnr
conganiialiv-daficlant patients, unactivated factor Vit concentrale Tor factor Vil deficiont patients (Bioprodugts, LFE and
frevmunes), and facior X {BloProducts and Immune) e deficient patients. We lack & fsclor ¥ or 8 faclor X concentrate.,
The later, factor X, would not be difficuit to produce, Concentrales for rare deficlencius sannot be produced s g profitie
{he company. Thanks sre cwed 10 those companies which produce them as 2 servive in the community. Essier methods
of Homnsing and npoting such concertrates are neaded sround the workd,

Kors new conventrales are sxpecisnd over the next swvers! voars, in gadt to mgrove protucts and in past 1o aliow
sompaniss 1o compels with each other, | will be mportant fo track reciplonts, het is, 1o keep reconds of every iol infused
it mvery pathent, 10 know the sefely lavel of concenirates. I is kuportant not io be dapyled becsuse o mothod 18 now, bt
o compare new producks with older, known prodocts. We nesd 10 enconrade development and distribution of
concentrates for rave disorders 85 well 48 choose among e wits array of concentraies By hemophile & and B,
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