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Some personal reflections

In October 1981, after being awarded a scholarship by The 
British Council, I left Malta to commence a period of study 
in Edinburgh, aiming to generate a body of work towards 
a PhD. This followed the initiation of my career in blood 
transfusion in Malta in 1979, as a result of which, under 
the mentorship of Jiri Rondiak (1), I determined to involve 
myself in the area of haemophilia and blood products. I was 
fortunate in that Professor Gordon Whitby (2) provided 
me with an academic “home” in his Department of Clinical 
Chemistry in the University of Edinburgh, while Dr. Chris 
Prowse and Dr. Frank Boulton agreed to supervise a PhD 
program in the then South East Scotland Blood Transfusion 
Service (BTS). It was agreed that this would centre around 
the production of FVIII by blood banks. 

Resisting too deep a plunge into nostalgia, I would 
simply express my lifelong appreciation at having been given 
this opportunity. The close association of the Edinburgh 
BTS with haemophilia treatment since the nascent efforts 
to produce FVIII (3), together with Scotland’s long-
standing record in plasma fractionation which culminated 
with the establishment of the Protein Fractionation Centre 
(PFC) (4), made for a very enriching environment. Between 
1981 and 1984 I was privileged to play a minor role in this 
landscape as the developments in the field reverberated 
in our own immediate environment. The extent to which 
the knowledge around FVIII grew during this period is 
illustrated in Figure 1. These advances in basic science were 
the prerequisites to the therapeutic advancements of the 
subsequent decades, dominated by the increasing availability 

Factor VIII manufactured from plasma—the ups and downs, 
and the up again: a personal journey—part 1: history of the 
development of plasma-derived factor VIII therapies

Albert Farrugia 

Faculty of Medicine, Dentistry and Health Sciences, The University of Western Australia, Crawley, Australia

Correspondence to: Albert Farrugia. Faculty of Medicine, Dentistry and Health Sciences, The University of Western Australia, 35 Stirling Highway, 

Crawley WA 6009, Australia. Email: albert.farrugia@uwa.edu.au.

Abstract: The history of the treatment of haemophilia is a success story. Despite the setbacks posed by the 
viral transmission epidemics, by the mid-1980s the safety of products from blood-borne pathogens was all 
but assured. Scientific understanding of the way in which factor VIII (FVIII) behaves in different separation 
processes led to the development of increasingly pure and potent preparations from plasma. In the late 1980s, 
the first products from recombinant technology unleashed a 13-year-old flood of technological innovation 
leading to the current generation of molecularly modified improved products. The capacity to produce 
FVIII independently from the blood and plasma donation system has also led to the potential of unlimited 
supply and the attainment of treatment for all the global population of people with haemophilia. Despite 
these developments, FVIII concentrates derived from human plasma continue to represent an important 
sector of the market, with a relatively strong presence in the emerging economies. Recent studies indicate 
that some plasma-derived FVIII (pd-FVIII), at least those containing von Willebrand factor, may offer some 
therapeutic advantages relative to recombinant products, particularly in the area of FVIII inhibitors. In this, 
first part, of my personal journey in FVIII, I will review the history of this product.

Keywords: Haemophilia; factor VIII; plasma fractionation

Received: 11 December 2017; Accepted: 04 January 2018; Published: 28 February 2018.

doi: 10.21037/aob.2018.02.04

View this article at: http://dx.doi.org/10.21037/aob.2018.02.04

Perspective

https://crossmark.crossref.org/dialog/?doi=10.21037/aob.2018.02.04


Annals of Blood, 2018Page 2 of 12

© Annals of Blood. All rights reserved. Ann Blood 2018;3:17aob.amegroups.com

of FVIII from recombinant sources. However, advances in 
the manufacture of pd-FVIII were also important, and these 
form the subject of this review.

The history of the development of the therapy 
for haemophilia A—the pre-acquired immune 
deficiency syndrome (AIDS) era

The modern treatment of replacing the missing component 
in blood dates from 1840 when the first blood transfusion 
for a case of haemophilic bleeding was given (5).  
Rather fortuitously, no incompatibility problems were 
recorded, but further use of this form of treatment had 
to await Landsteiner’s discovery of blood groups in 1901. 

Subsequent claims of benefit from the use of a variety of 
measures, ranging from the administration of lime to the 
use of egg white (6) must today be viewed very skeptically.

Macfarlane’s use of Russell’s viper venom (7) as a topical 
application on wounds was one of the first efforts based on 
a scientific appreciation of the defect. By 1938, however, 
Macfarlane (8) had realised that only blood transfusion 
offered effective treatment for a bleeding episode, by 
replacing the missing essential component. Patek’s group 
showed this to be present in the cell-free plasma and in 
Cohn’s classic fractionation scheme it was shown to be in 
fractions I and II of normal, but not haemophilic, plasma (9).  
These fractions and similar fibrinogen-rich components 
from ether-fractionated plasma (10) were recognised as 
potentially therapeutic materials. These early products were 
relatively crude and insoluble due to their high fibrinogen 
content and tended to be unstable. The Blombäck 
modification of Cohn fraction I (11) led to a product that was 
much improved in stability and purity, and was the mainstay 
of successful treatment in Sweden for many years (12)  
(Figure 2). 

The discovery of cryoprecipitate as a therapeutic option 
is undoubtedly one of the watershed events in the history 
of haemophilia, and Pool’s description in 1965 (13) is 
justifiably a seminal publication. However, it is fair to note 
that this was not a discovery as much as a “re-discovery”; 
the little-known work of the French physician Rémigy (14) 
(Figure 3) preceded Pool’s work by several years. Although 
the gelatinous residue that remains undissolved when frozen 
plasma is allowed to thaw at a low temperature was known 
to be rich in fibrinogen and factor VIII (15,16). 

Pool developed this as a clinical product which could be 

Figure 1 Factor VIII in 1981 and 1984.

Figure 2 Swedish pioneers—Birger and Margarita Blomback and 
Inga Maria Nilsson.

Figure 3 Emile Rémigy and his 1955 thesis describing the use of 
cryoprecipitate in treating haemophilia A.
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produced by small blood centres (Figure 4). This made the 
widespread adequate treatment of haemophilia feasible.

Despite the benefits of blood bank cryoprecipitate, it 
had several limitations: it had to be stored frozen, it had 
only about five times the potency of plasma, it was not 
standardised, making dosage difficult and it precipitated 
allergic reactions and other side effects (17). The technique 
could be used as the first step in the preparation of industrial 

scale FVIII concentrate, which could be assigned a potency 
and dose patients adequately (18). By the early 1970s, 
Johnson’s group’s method (19) for the bulk preparation of 
a factor VIII concentrate had become the basis of most 
available factor VIII concentrates (Figure 5). 

Other methods, involving treatment of plasma or plasma 
fractions with chemicals, were used to prepare concentrates 
of varying quality. These historical concentrates are 
summarized in Table 1.

The production of animal FVIII concentrate played a 
role in the early years when human material was scarce (24) 
but had to be abandoned because of the antigenic problems 
and the thrombocytopenia induced by such products. Later, 
more purified concentrates, and recombinant versions, still 
play a role in the treatment of patients with inhibitors to 
FVIII (25). 

To summarise, by the early 1980s, pd-FVIII concentrates 
had reached the stage of providing reliable replacement 
therapy in treating bleeds in the population of boys with 
haemophilia A in the developed economies. While some 

Figure 4 Judith Pool’s work on cryoprecipitate remains one of the 
biggest contributions.

Original procedure Subsequent modifications

Crushed frozen plasma bulk thawed to slurry 
ethanol added 3% v/v cryoethanol precipitate 
harvested

Cryoethanol Precipitate washed in 20 mM Tris/HCl 
pH 7 containing 8% ethanol, −2 ℃

Washed precipitate extracted in 2.5–10% plasma 
volume of 20 mM Tris/HCl pH 7 for 30 min at 25 ℃

Factor VIII rich extract adsorbed with 5% v/v 
Al(OH)3 gel for 5 min at 25 ℃; gel spun off and 
solution clarified by filtration

Adsorbed factor VIII rich solution citrate added to 
20 mM, filtration and lyophilisation

Intermediate-purity factor VIII concentrate, 14–30-
fold purified over plasma

(I) Ethanol addition omitted as this compromised purity without improving 
yield;

(II) Plasma blocks mechanically crushed to “snow” to increase surface area 
and rate of thawing;

(III) Continuous instead of bulk thawing to improve yield and purity.

(I) Extraction into lower volume of buffer to increase potency;
(II) Cold precipitation at acid pH of contaminants to improve solubility and 

filterability;
(III) Extraction time optimised to improve purity.

(I) Addition of Ca2+ to prevent VIII:C lability due to citrate;
(II) Adjustment of pH of final solution to 6.6 to improve stability;
(III) Addition of dextrose and celite to improve solubility and remove 

activation products.

Washing with 20 mM Tris/HCl pH 7 without ethanol improved purity and 
solubility

Proper pH control during adsorption improves filterability and solubility of 
final solution

Figure 5 Basis of most methods to manufacture FVIII concentrate in the early 1980s (Newman et al., 1971) with modifications introduced 
to improve purity and stability. By the end of the decade they were totally superseded.
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countries, notably Sweden, were already demonstrating 
the benefits of prophylactic treatment, the limited amount 
of material available precluded this option in most 
instances. The products could be reconstituted in volumes 
which, while increasingly smaller, provided limitations in 
patients’ abilities to infuse themselves. The classification 
of concentrates at this time (26) (Table 2) demonstrates the 
huge progress made in the generation of the concentrates 
today. Notably, the inverse relationship between the purity 
achieved and the yield of FVIII from starting plasma 
illustrates the key factor driving manufacture in the early 
1980s. It is fair to state that the predominant paradigm 
driving manufacture at this time was the improvement 
in yield, which was low then, as it is now, relative to the 
amount of FVIII in the starting plasma (see below).

Events rapidly overtook this paradigm and ushered in 

the developments leading to the current era. The growing 
awareness of the contamination of the blood and plasma 
supply with the infectious agent implicated in the AIDS 
shifted the focus from yield to safety, and we now turn to 
these developments. 

Developments in the manufacture of pd-FVIII in 
the post-AIDS era

By the end of the 1970s, it was recognized that the 
treatment of haemophilia was associated with a high 
incidence of post-transfusion hepatitis in patients, and that 
this was not, unlike in patients transfused with mainstream 
blood components, ameliorated by the introduction of 
tests to exclude blood and plasma donations which were 
infected with hepatitis B virus (HBV) (27). It was clear 

Table 2 Classification of FVIII concentrates in 1980 (Smith and Bidwell, 1979)

Purity assignment Specific activity (international units FVIII/mg total protein) Yield FVIII (international units) obtained per litre of plasma

Low <0.2 >300

Intermediate 0.2–0.5 200–300

High >0.5 <200 

Table 1 Early methods for the production of FVIII concentrates

Name Production method
Purification over 
plasma (X)*

Comments 

Cohn fraction I (20) Precipitation of plasma proteins with 
8% ethanol at −3 ℃, pH 7—most 
of the fibrinogen and factor VIII are 
precipitated

7–20 Careful technique allows factor VIII to be harvested 
at high yields; however, F-I is poorly soluble, rather 
unstable and cannot be sterile-filtered, and so has to 
be prepared by elaborate sterile techniques

FI-0 (11) Extraction of F-I at 0 ℃ with a 
glycine-citrate buffer and resolution 
of the precipitate in isotonic saline

10–30 Extraction procedure improves greatly the solubility 
and stability of F-I

Ether-fraction F-I (10) Precipitation of plasma proteins 
with 11% ether at 0 ℃

25 Same characteristics and drawbacks as Cohn F-I

FI-0-Ta (21) Treatment of F-I-0 with tannic acid 
to remove fibrinogen

40–160 Experience with small batches; attempts to replicate 
initial findings produced widely varying results, 
probably due to wide variability in batches of tannic 
acid

Bentonite-F-I (22) Treatment of F-I with bentonite to 
remove fibrinogen

40–160 As with FI-0-Ta

Glycine-precipitated 
fraction (23)

Addition of glycine to plasma to a 
concentration of 2.3 M at 0 ℃ to 
precipitate factor VIII with some

20–30 Use of glycine at high concentrations expensive and 
wasteful as it precludes the use of the supernatant 
plasma

*, X indicates the number of times the purification exceeds that in plasma.
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that haemophiliacs were being infected with the agents 
associated with post-transfusion hepatitis. It is this author’s 
view that this was recognized, up to this period, as an 
inevitable consequence of replacement therapy, of concern, 
but secondary to the morbidity and mortality still ensuing 
from inadequate treatment. This attitude on the part of 
all members of the community, whether patients, treaters 
or industry, has been often described as “complacent”. As 
a participant in the landscape during this time, I would 
suggest that the predominant paradigm in haemophilia 
care, emerging after decades of hopelessness in the face of 
lack of therapeutic options, was supply, first and foremost. 
The early recognition of the extraordinary lability of plasma 
FVIII, with the consequent low yields obtained from a 
limited plasma supply, focused attention on improving FVIII 
yield and supply, while avoiding measures to decrease the 
former. By the late 1970s, a small number of manufacturers 
had developed processes which allowed FVIII concentrates 
to be heated in solution (28), but the yields obtained were 
low, such as to allow treatment for only a small minority of 
patients. This difficult, controversial and emotional issue has 
underpinned the considerable number of judicial processes, 
some still ongoing, of the past 30 years.

The paradigm shifted, as paradigms do, in crisis (29), in 
the form of another infection entering the blood supply. 
The ensuing tragedy in the haemophilia population has been 
well described and I draw the readers’ attention to Evatt’s 
reviews (30,31), which objectively assess the progression of 
events through the perspective of a major player. In terms 
of the manufacturing paradigm, the shift from supply to 
safety was rapid and driven by the need to introduce viral 
inactivation steps in the manufacture of concentrates. The 
earliest efforts employing heat treatment in solution—
known somewhat imprecisely as “pasteurization”—had been 
under development for some years and led to the transient 
appearance of an additional number of concentrates. The 
chemistries employed required the addition, and subsequent 
removal, of considerable amounts of thermo-stabilising 
agents which had to be removed after the heat treatment, 
a cumbersome process with an associated yield penalty 
(32,33), and which occasioned neo-antigenicity in at least 
one concentrate subjected to this process (34,35). One such 
concentrate has withstood these challenges for the nearly  
40 years it has been in use (36), but an alternative form 
of heat treatment of the lyophilized product in the final 
container quickly gained ground. It was rapidly appreciated 
that the conditions under which was done were crucial 
in the inactivation of the relevant pathogens; somewhat 

sadly, the virus associated with AIDS—the human 
immunodeficiency virus HIV—was found to be susceptible 
to relatively low temperatures, with sufficient viral kill 
achievable at 60 ℃, while the agent associated with non-A 
non-B (NANB) hepatitis, later identified as hepatitis C virus 
(HCV) in most instances, required higher temperatures (28). 
These developments led to a number of products which had 
to have a higher purity than the previous generation of non-
virally inactivated products, mostly because the heat lability 
of the major contaminant fibrinogen required its removal, 
but which were still in the range of 5 to 10 international 
units of FVIII per mg of total protein. Some of these 
products are still on the international market.

Concurrently with these developments, two new classes 
of pd-FVIII evolved, as a result of the viral infection 
threat. One class employed the use of immuno-affinity 
chromatography in the purification of FVIII. Developments 
in the production of monoclonal antibodies to different 
parts of the FVIII-von Willebrand Factor (VWF) complex 
in the early 1980s led to two products from two different 
companies, at that stage in corporate evolution Armour and 
Baxter. The Armour product Monoclate-purified FVIII 
using a solid-phased monoclonal antibody to VWF, which 
captured the FVIII-VWF complex, following which FVIII 
was dissociated using ionized calcium, further purified on 
other resins and formulated (37,38). The other product 
Hemophil-M from Baxter employed a solid-phased 
monoclonal antibody to FVIII to capture the complex, 
after which FVIII was selectively purified from VWF 
on other resins. Initial preparations of these products 
were manufactured without specific viral inactivation 
measures, but were quickly superseded by versions which 
incorporated first dry heat and subsequently pasteurization 
for Monoclate, while the solvent-detergent (S-D) method 
was incorporated into Hemophil M (Figure 6) (39). Analysis 
of these products indicated that they included biochemically 
pure FVIII, absent from the impurities of then current pd-
FVIII concentrates, such as fibrinogen and fibronectin, but 
the products has to be stabilized with the addition of human 
albumin. The manufacturing techniques also removed 
VWF, the major component of the FVIII-VWF complex, 
making the products unsuitable for the treatment of von 
Willebrand’s Disease (VWD).

Practically concurrently, another class of concentrates 
was  developed by a  number of  companies  which 
employed ion-exchange chromatography to purify the 
FVIII-VWF complex and incorporate viral inactivation 
techniques. These concentrates contained VWF to 
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different extents, depending on the elution conditions 
chosen to concentrate the complex from ion-exchange 
resins (40,41). This form of chromatography was used to 
remove the S-D reagents introduced to inactivate lipid-
enveloped viruses in the starting cryoprecipitate. By the 
late 1980s, this S-D technique developed by Horowitz 
(42,43) was recognized as the most effective technique to 
eliminate the highly pathogenic lipid-enveloped transfusion 
transmitted viruses—and it still is. The subsequent 
chromatographic elution of FVIII also resulted in a 
substantial purification, allowing the removal, among other 
impurities, of immunoglobulin, including anti-A and anti-B 
immunoglobulin implicated in hemolytic reactions (17). It 
should be mentioned that the level of purity achieved was 
not equivalent to what was achieved by the more specific 
immune-affinity purified products.

The primary driver behind the development of these 
products was safety, and the higher number of purification 
and viral inactivation steps had a penalty in terms of 
the yield of factor VIII, which settled at a maximum of 
around 200 IU per litre of plasma processed. It is ironic 

that this drive towards higher purity and safety had an 
unintended and temporary consequence in decreasing the 
level of safety relative to a particular pathogen, which had 
previously not been relevant to haemophilia. In the early 
1990s, a spate of independent reports (44-46) described 
outbreaks of hepatitis A in their respective haemophilia 
populations following administration of a S-D treated FVIII 
concentrate, subsequently determined to contain hepatitis 
A virus (HAV) RNA (47). It is possible that these processes 
lost their content of protective antibodies to HAV as a 
result of the purification process, which, unaccompanied 
by a viral inactivation step which could eliminate the non-
enveloped HAV, caused infection in the patients (48). It 
was at this time that I joined the Australian regulatory 
authority, the Therapeutic Goods Administration, with the 
early charge to implement the newly emerging European 
requirements for two viral inactivation steps, one of 
which was to address non-enveloped viruses (49). While 
companies moved rapidly to implement this requirement, 
it was not a fully uneventful process: similar to previous 
outbreaks involving pasteurized FVIII, the introduction of 
heating at 63 ℃, intended to inactivate HAV (50), led to an 
outbreak of inhibitors in patients, characterized, unlike the 
usual inhibitors to treatment, but similarly to the previous 
outbreaks involving pasteurized FVIII (34,35), resolvable by 
changing the implicated concentrate (51). These outbreaks 
seemed to confirm the initial reluctance of some treaters to 
switch patients to heated products in the early years of the 
AIDS crisis, and have contributed to the awareness around 
the possibility of manufacturing changes inducing neo-
antigenicity in FVIII products.

This awareness has influenced issues, which have arisen 
over the past 35 years. The introduction of the monoclonal 
products, bereft of the traditional impurities and containing 
FVIII without its physiological carrier protein, was shown 
to result in a lesser degree of certain immunological 
abnormalit ies in patients than the use of the old 
intermediate purity products [reviewed by Schulman (52)].  
Compelling data from the National Institute of Biological 
Standards and Control (now absorbed into the British 
regulatory agency) suggest that transforming growth 
factor-beta (TGF-beta) contamination is  a major 
contributory factor to the inhibitory activity of some factor 
VIII concentrates on cytokine secretion or activity, and 
may partially explain the reported immunosuppressive 
effects in recipients of these blood products (53). These 
observations were augmented by the publication of studies 
in HIV positive haemophiliacs which indicated a slower 
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deterioration in CD4 lymphocytes in such patients given 
monoclonal concentrates [reviewed by Mannucci (54)]. 
I have always been puzzled by this concept, as it seemed 
to imply that monoclonal purified FVIII had a protective 
effect against HIV. Subsequent in vitro studies (55), large 
prospective surveys (56), and randomized studies (57) 
negated the initial observations, finding no difference in the 
capacity of concentrates of different types to influence the 
CD4 count, and the introduction of increasingly effective 
AIDS drugs made further study of this issue impossible. 

This issue did, however, focus attention on the 
unquestionable immunosuppressive effects of low and 
intermediate purity FVIII in vitro, contributing to the 
controversy which has raged over the past quarter century 

on the relationship of the type of concentrate on the risk 
of haemophiliacs developing inhibitor to FVIII after 
first exposure. Early studies summarized by Aledort (58) 
indicated that the type of plasma derived FVIII did not 
appear to influence the range of prevalence observed for 
FVIII inhibitors in previously untreated patients (PUPs) 
with haemophilia A. This comforting status was not 
reflected with the introduction of recombinant FVIII 
(rFVIII) and its increasing dominance in the established 
economies over the past 25 years. 

The development of recombinant products for the 
treatment of haemophilia is beyond the scope of this 
review, and I will limit my comments to observing that the 
development of such products has enabled two potential 
advances in the treatment of haemophilia:

(I) By liberating provision from the necessarily 
constantly constrained plasma supply, it has 
generated the hypothetical scenario of unlimited 
access to product for the global haemophilia 
population—if you can pay for it!

(II) By allowing the production of molecular forms 
of coagulation factor modified to “improve 
upon nature”, it has widened considerably the 
therapeutic options available and the possibility for 
personalized treatment—if you can pay for it (59)! 

These benefits have been countered by the controversy 
over the issue of inhibitors, which has been visible in 
the haemophilia therapeutic landscape since the first 
reasonably sized studies of rFVIII in PUPs (54), showed a 
higher inhibitor incidence than previously observed with 
pd-FVIII. The uncertainty dogging this issue has been 
summarized by Burnouf and Strengers (60), and has led to 
repeated analyses of the available studies in an attempt to 
reach a conclusion. Most of these exercises analyzing the 
range of available studies concluded that a higher inhibitor 
incidence is associated with rFVIII compared to pd-FVIII 
(61,62), but the differences observed, although substantial, 
were statistically insignificant (Figure 7). It seemed that 
the genuine uncertainty on this important issue justified, 
according to the tenets of evidence-based medicine, a 
randomized clinical trial. Such a trial was carried out over 
2001–2015, under the auspices of the Survey of Inhibitors 
in Plasma-Product Exposed Toddlers, now known as the 
SIPPET study.

The aftermath of SIPPET—pd-FVIII up again!

The SIPPET study published in 2016 included patients 

Figure 7 Incidence rate and 95% confidence interval of all 
inhibitors in PUPs with haemophilia A, from 24 studies comparing 
pd-FVIII and rFVIII. In 1,167 patients treated with pd-FVIII and 
927 with rFVIII, the pooled incidence rate was 14.3% for pd-
FVIII and 27.4% for rFVIII. After multi-way ANOVA, significant 
differences in study design, study period, testing frequency while 
type of concentrate lost statistical significance (from Iorio et al., 
2010). Pd-FVIII, plasma-derived factor VIII; rFVIII, recombinant 
factor VIII; PUPs, previously untreated patients.
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either never or minimally exposed to FVIII replacement. 
The patients were randomized to receive either one of a 
number of pd-FVIII-VWF concentrates or one of a number 
of rFVIII concentrates (63). Patients receiving rFVIII 
showed significantly higher risk of developing inhibitors, 
although the risk of developing high-titre inhibitors, 
although higher than with pd-FVIII, was not significant 
(Figure 8). The study resulted in considerable interest 
and discussion, and a literature has augmented the initial 
publication, extending and explaining the study further (64).  
Prospectively gathered data from at least one VWF-
containing plasma concentrate has augmented the SIPPET 

findings in the “real world” (65). These studies have not 
resolved the polarization in the treater community regarding 
this issue; I suspect that this will never be the case (66).  
It has focused the attention of regulators more closely on 
the problem of inhibitors and especially in PUPs, where 
the European Medicines Agency (EMA), despite rejecting 
the concept of class differences between different FVIII 
products, now considers this a “major” adverse effect. I 
would offer the following thoughts as part of this debate:

(I) Irrespective of the arguments are the SIPPET 
study, the issue which precipitated the study, i.e., 
whether pd-FVIII or rFVIII is associated with a 
higher incidence of inhibitors in PUPs still exists. 
If treaters remain in a state of uncertainty on this 
issue, given the onus of evidence that indicates that 
rFVIII is associated with a higher prevalence, then 
action is required to minimize this major hazard;

(II) This situation is therefore, for those unconvinced 
by the SIPPET, evocative of the precautionary 
principle which requires action in circumstances 
of scientific uncertainty. In other words, in this 
particular situation, the higher incidence of rFVIII 
when given to PUPS is a “harm which should be 
assumed will occur”, to paraphrase Krever [p1049 
in (67)]: “Preventive action should be taken when there 
is evidence [of inhibitor formation] even when there is 
no evidence that recipients have been affected. If harm 
can occur, it should be assumed that it will occur. If there 
are no measures that will entirely prevent the harm, 
measures that may only partially prevent [inhibitor 
formation] should be taken”; 

(III) In the circumstances that, while unquestionably 
being insufficient to treat the world population of 
haemophilia throughout life, there is a sufficiency 
of pd-FVIII for the treatment of PUPs for the first 
50 days of treatment [50 exposure days (EDs)], then 
this treatment should be preferably with a pd-FVIII;

(IV) The question remains, which pd-FVIII? The 
PRAC decision to not endorse the SIPPET 
conclusion was based on a rejection of the concept 
of a “class” of products, in this instance defined by 
pd-FVIII complexed with VWF. This rejection of a 
degree of “biosimilarity” between different FVIII-
VWF concentrates is conformant to mainstream 
regulatory—and plasma industry—opinion, which 
maintains that individual products differ too much 
from each other in a multitude of ways, to allow 
effects to be ascribed to one common feature, in 
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Figure 8 Cumulative incidence of inhibitors according to 
treatment with pdFVIII or rFVIII Group. Shown are Kaplan-
Meier curves of inhibitor development for all inhibitors (≥0.4 
Bethesda units) (A) and high-titer inhibitors (≥5 Bethesda units) (B) 
(from Peyvandi et al., 2016). Pd-FVIII, plasma-derived factor VIII; 
rFVIII, recombinant factor VIII.
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this instance the presence of VWF;
(V) The role of VWF in modulating the immunogenicity 

of FVIII has been studied extensively (68). I would 
propose, however, that product to product differences 
in this regard, which certainly exist, may be also 
related to the immunosuppressive properties of 
impurities still present in the current generation 
of pd-FVIII concentrates (69-71). More work is 
required in assessing product to product differences 
between FVIII concentrates, including the assessment 
of manufacturing steps such as viral inactivation. It 
is worth noting that the relatively “gentle” S-D and 
nanofiltration processes have never been implicated in 
neo-antigenicity, unlike the heat-treatment methods 
implicated in the incidents noted above.

Hence, a role for pd-FVIII still exists, not only in the 
emerging markets where the vagaries of cost allocation 
in plasma fractionation allows some manufacturers to 
sell it for lower prices than rFVIII, despite its cost of 
manufacture being unquestionably higher. In this context, 
it is worth assessing the current global supply situation 
regarding FVIII concentrate. In 2014, 45 million litres 
of plasma were collected, which, if fractionated with 
current technology yielding 200 IU per litre, would have 
resulted in 9 billion IU. This, incidentally, is the current 
total amount of FVIII provided globally. Instead, 4 billion 
IU of pd-VIII were actually provided (72). It is clear that 
around half the possible amount of FVIII is not being 
converted into concentrate. In contrast, similar estimates 
for other products indicate that approximately 85% of 
the available IG (probably an underestimate) and albumin 
are being extracted. The provision of FVIII from plasma 
would be greatly facilitated if the low yield of 200 IU out 
of a theoretical 1,000 IU per litre of plasma were to be 
improved. The factors affecting this yield are the subject of 
an accompanying paper, through particular aspects in which 
I was also a contributor.
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