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Introduction the additional 1% (over the UK population risk derived from consumption of
beef and beef products) “risk threshold” used by the CJD Incidents Panel to

1. This paper offers an analysis of the recent finding of abnormal’prion protein in trigger decisions on notification of increased risk status. We also consider the
the spleen of 2 haemophilic. This involves a patient exposed to a large number wider implications for groups that are or might be classed as “at risk”. Although
of potential vC]D infection routes (including multiple blood component the analysis does throw some light on these questions, it also highlights some
transfusions, repeated receipt of UK-sourced fractionated plasma products conundrums for our understanding of vCJD prevalence and transmissibility.
including some units linked to a donor who later went on to develop clinical )
vCJD, and several invasive biopsies) who was found post mottem to have Summary of findings
abnormal prion protein in a spleen sample. .

6. Specifically, we conclude that on the evidence available:
2. If this finding is interpreted as an instance of asymptomatic vCJD infection, this @ The chance of the patient having been infected via an endoscopic

raises questions as to the operational meaning of the “prevalence” of infection.

The discovery of abnormal protein in a single spleen sample was the only positive

result after exhaustive investigation of tissues taken at autopsy of an elderly

haemophilia patient who died of other causes with no symptoms of vCJD ot

other neurological condition. All other tissues from this patient tested for the

presence of abnormal prion protein ~ fixed samples of brain, heart, liver, blood

vessel, appendix, spleen and lymph node and frozen samples of frontal lobe, . B
occipital lobe, cerebellum, lymph node and 23 other samples from the spleen — (1)
were negative. This individual would not have tested “positive” on any of the

vC]D prevalence tests conducted so far, and possibly not even in a post mortem

spleen survey (depending on the size of spleen sample used). Nor do we know

whether someone with this limited distribution of abnormal prion protein would .
be infective - and if so, by what routes of transmission. (i)

3. For present purposes, however, these issues of interpretation are ignored. We
simply assume that the abnormal prion protein found in this patient is a marker
for asymptomatic vCJD infection: the task is then to investigate the relatve
likelihood of the infection having come from the various possible routes. This is
done in order to inform discussion by the CJD Incidents Panel (“the Panel”) as
to the implications of the finding, and in particular whether the new evidence
warrants any change to the “at risk” status of any individuals or groups.

4. The ideal would be to quantify these likelihoods in 2 robust way. However, this .
1s not possible due to the multiple uncertainties involved. These are well- @)
rehearsed. We do not know the prevalence of infectious donors — and in this
instance, some of the potential routes are dependent on prevalence while others
are not, so the relativities change. The probability of an infected blood
component transmitting infection is uncertain - though on the precautionary
approach adopted by the Panel, it is presumed to be substantial. The risks of an

. implicated plasma derivatives transmitting infection are even more uncertain.
However, they can be estimated using methods suggested in an existing .
assessment by independent consultants DNV (DNV, 2003), which have been )
used in drawing up Panel recommendations to date. These calculations have also
been regarded as “precautionary”, i.e. giving a pessimistic view of the levels of
infectivity likely to be present. g

5 Given these unknowns, we make no attempt at definitive probability calculations,
though illustrative-examples are provided. Instead,we concentrate on the more
limited task of determining whether different groups in the complex chain of
contacts associated with the index patient can be robustly placed dnder or above

a

procedurc is very small, probably comparable to that of having been
infected via primary (dietary) exposure. The potential risk associated with
the endoscopies can be distegarded in assessing the risks associated with
the possible blood-borme transmission routes, and no specific action is
called for with regard to other patients on whom those endoscopes may
have been used.

Compadng the blood-borne routes, the patient is much more likely to
have been infected through receipt of plasma products, rather than
any of the 14 units of red cells known to have been received. The
implied risk of each of these 14 donors being infected appears to lie
below the 1% threshold that would trigger “at risk” status. :

Given the lazge pool sizes involved (of the order of 20,000 donations per

- pool), the risk differential between “implicated” and “non-

implicated” batches of blood product is not marked. Unléss the
prevalence of infection is very low, there is a strong possibility of asy
given batch of blood products prepared from large pools sourced from
UK donors in'the period 1980-2001 containing at least one infected
donation. This reinforces the logic of the CJD Incidents Panel’s 2004
decision to consider all haemophilia and blood disorder patents exposed
to such UK-sourced plasma products as an “at risk” group. There is no
strong case for differentiating between sub-groups.

Given the precautionary assumptions in the DNV risk assessment, any .
patient exposed to substantial quantities of UK plasma product (as this
haemophilia patient was) would almost certainly have receiveda.
substantial infective dose, whetber or.not any of the batches were

“implicated” (i.e. traceable to a dorior who later went on to develop
clinical vCJD). ‘In fact, this patient may have been more likely to have
been infected by receipt of large quantities of “non-implicated”
plasma, than by the smallex quantities of “implicated”.

The lack of any clinical vC]D cases to date amongst patients with
haemophilia may suggest that the DNV infectivity scenario is overly-
pessimistic. Risk assessments carried out elsewhere assume that a greater
propottion of the infectivitjr would be removed during the manufacturing
processes. This raises issues beyond the scope of this paper.
Nevertheless, we have re-run the analysis using a markedly lower
inféctivity assumption with regard to plasma products, and the
conclusions listed in' (i) — (iv) above still hold.
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Method

7. The following analysis starts from the “reverse risk assessment” previously used
by the Panel to assess the implied risks of donots to vC]D clinical cases being
infected (DH, 2005a; Bennett, Dobra and Gronlund, 2006), and extends it to deal
with this much more complex incident. We start with a simple example and then
build up the analysis step-by-step. This is both to demonstrate how the
conclusions are reached in this case, and to show how the same approach can be
used to handle other complex incidents that may arise. -

Example 1

8. We therefore start with a simple incident as shown in Figure 1(a). Here, a padent
has received two single-unit Red Cell transfusions, one from each of two donors.
The recipient goes on to develop vCJD, and the timing of the transfusions ddes
not rule either of the donors out 4s the route of infection. What is the chance of
each of these donors carrying vCJD infection?

Figure 1 (a) Two component donors, neither known to be infected

Donor 1

_primary

Dg/

9. The answer to this depends primarily on the chance of transrhission ccurting if
one of the donors were to-be infected —i.e. the transmission probability, t. By
definition, this lies between 0 and 1: if t = 1; transmiission would be certaifi, In
that case, and all else being equal’, the patient’s disease would be equally likely to
have come from primary infection, or from either of the two donors having been
infected. So by implication, each donor would have a 1 in 3 chance of being

“All ¢lse being equal” essentially means that there is no prior reason to suppose that donors or
recipient were particularly likely or-unlikely to have been infected with vCJD, e.g. through “high
risk™$urgery, or conversely not having lived in the UK during years of high BSE exposure.
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infective? More generally, if there are n donors, the chance of each being
infective would be 1/(n+1). ‘

10.  The implied risks to the donors cleatly diminish if t <1. However, the gD~
Incidents Panel has used a precautionary approach; concentrating on scenarios in .
which tis at least 0.5. With t in this range, the implied dsk to donors remains
high unless the number of donors to the vCJD case is large. For example, if t =
0.5, then with two donors the chance of either being infected would be roughly
0.25. Note that none of these calculations depend on the underlying prevalence
of infection, provided this is the same for donors and recipients.

Example 2
11, The sitvation would clearly be very different if one of the donors was later
diagnosed with vCJD; as in Figure 1(b). .

Figure 1 (b} Two component donors, one known to be infected

Donor 1

Donor 2
ﬂnleg/

primary

This creates a marked asymmetry between the infection routes, dependent on the |
prevalence of infection in the donor population. Whilst Donor 2 is now known

to be infected, Donor 1’s prior probability of infection is simply the prevalence .
of infecdon (p), unknown but assumed to be.small. This situation provides an
exemplar for analyses in which some routes are prevalence-dependent and othets
are not. o : )

Let: - ' B
' P(Dl) be the probability of the recipient’s infection having come via
Donor 1 : ' ' I

The.argum‘ems expressed here can be expressed more for_mally using Bayes’ Thgoxjem'to update "
probabilities in the light of new information. However, this is presentationally more clumsy, -
especially in the more complex examples considéred below. :
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12.

P(D2) be that of the infection having come via Donor 2
and P(prim) be the probability of the recipient having a primary infection

¥ For simplicity, suppose that the chance of the patient being infected by more
than one route is negligible. Then (given that infection has occurred) P(D1),
P(D2) and P(prim) must add up to 1.

* Furthermore, the “balance” between the three probabilites will be governed
by tand p. Specifically:
0 P(D1) will be proportional to both p (prevalence of infection) and
t (transmission probability)
o P(D2) will only be proportional to t
© and P(prim) will only be proportional to p

Provided p is small (e.g. 1/4,000 or 1/10,000) and t is not, P(D2) will be much
larger than either of the other two probabilities. To a very close approximation,
P(D2) = 1 and P(D1) and P(prim) are zero. We can be virtually certain that the
infection came from Donor 2. In practical terms, this new information about
Donor 2 means that Donor 1 need not be considered as “at risk” according to
CJD Incidents Panel criteria.

Example 3

13.

In the last two examples, the two secondary routes had the samie transmission
probability, t. But suppose now that there are routes with different values of t —
e.g. transfusion of blood components and receipt of fractionated blood products.
Figure 2 below shows a situation in which the calculations need to balance two
cofitrasting secondary routes:

© ablood component transfusion, associated with a high transmission
probability (t,) #'the donor (D1) is infected, but with'no reason to believe
that this is the case, and

O a plasma product pool with a contributing donor (D2) now known to be
infected , but with a low transmission probability (t,)

As before, the three probabilities P(D1), P(D2) 2nd P(prim) must add up to 1,
and now:

o P(D1) will be proportional to p and t,
o P(D2) will be proportional to t,
© and P(prim) will be proportional to p

203

Figure 2: One component donor, not known to be infected: plasma pool, containing
an implicated donation

14.

15.

Donor 1

t
_primary

o

Implicated plasma pool t

To illustrate numerically, suppose p is 10%ie. prevalence of infection is 1 in
10,000, that t, = 1 and-t, = 10° (that is, transmission via the product pool is less
efficient than via the transfused component by a factor of 1,000).

In that case, it can be shown that:

PD1) =1/12 PD2) = 10/12. and  P(prim) = 1/12
The infected plasma pool is thus clearly the most likely transmission route, by a
factor of 10 over each of the other two possibilities.

The principles used to analyse these simple cases are now extended to consider
the case of the haemophilic patient with 2 finding of abnormal prion protem in
the spleen. .

Analysis

16.

Potential secondary transmission routes in this instance consisted of the
following (where an “implicated” donor means one for which there is now
evxdence of having been infected with vCJD): )

*  Sinvasive endoscopic procedures (biopsies) and a larget number of
endoscopies without biopsy.

* exposure to 14 units-of Red Cells, each from different “non—lmphcated’)
donors

kR exposure to just over 9,000 units of Factor VIII made from two plasrna pools’

with an “implicated” contributing donor (8,025 units from one batch and
1,000 from the other) N

208
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* exposure to many other units of UK-sourced pooled products, mcludmg
nearly 400,000 units of Factor VIII, with no &nown links to “implicated”
donors

To simplify the subsequent discussion, we consider the relative risks from each
of these routes in turn.

Transmission risks from the endoscopies

17 vCJD transmission risks from endoscopy have been examined by an ACDP TSE
WG subgroup, informed by an outline risk assessment. Itis impottant to
appreciate that these procedures involve a very small instrument (head) being
passed down a very long, thin, channel. The possible “mechanics” of infection
therefore differs from other surgical procedures. The group considered that any
sxgmﬁcam tisk of onward transfer of infective material to a receptive site would
require the procedure to be invasive, as distinct from examinations that involve
the instrument sliding against the wall of the gut. On that argument, the relative
tisk from endoscopic procedures ot involving biopsy would be negligible.

18. So concentrating on procedures involving biopsy, the question arises of whether -
the heads used would have been single-use. This would reduce the transmission
tisks considerably, but not eliminate them (due to the possibility of the new head
being contaminated on its way down the endoscopy channel Although we do
not know whether the heads involved in these procedures were single-use, let us
suppose they were not.

19. For endoscopy with re-useable heads, the best existing analogy is with the current
surgical risk assessment as applied to procedures encountering lymphoxd tissue.
Depending on assumptions on the efficacy of decontamination, the “standard”
model suggests that indefinite re-use of a set of instruments might cause 1 ~ 10
secondary infections per operation on an infective patient. The infection risk to a
random patient resulting from all previous re-uses of the instruments would be in
the same range multiplied by the prevalence of infection (p). However, the
surgical model considers the transmission risks from a set of 20 instraments,
rather than just one (very small) biopsy head. For the latter, it therefore seems
reasonable to reduce the estitated risk by a factor of at least 10. Even on
pessimistic assumptions, therefore, the risk of infection from 2 “random” biopsy
would be in the range (0.1 — 1)p. In other words, the chance of the patient being
infected via any of 5 such biopsies would be similar to the risk of having been-
infected through the “primary” route of dietary exposure.

20.  Aswill be seen below, the chance of this particular patient having been infected
by the primary route are very small (in all scenarios) as compared to that of
infection through a blood-borne route. On the above argument, the same applies
to the endoscopic route. For simplicity, this route will therefore be disregarded
in the following calculations. It should be noted that even if the risks of
transmission via endoscopy were much greater than suggested here, the.only ’
effect on subsequent calculations would be to.reduce the probabilities associated
with all the blood-borne routes slightly.

} 20§
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Blood components and “imiplicated” plasma products

21.  We now consider the relative probability of the patient’s infection having come
from the implicated plasma products, versus the 14 Red Cell transfusions. As
discussed in the “methods” section, we need to balance the greater transmission
probability for blood components (Red Cells'in this instance) against the
existence of an implicated donor contributing to the pooled plasma products.
The situation is shown schematically in Figure 3, omitting for now the other
“non implicated” plasma products.

Figure 3: 14 component donors, none krniown to be infected; 2 plasma products,
each from a pool containing an implicated donation

14 cdmponent
donors
_pfiméiy

2 implicated
plasma products

}

22. - The key additional vatiable here is t, — the chancé of transmission from an
implicated pool. This can be quantified using the infectivity assumptions

originally generated in DN'V’s risk assessment (DNV, 2003). As.discussed . . & -

further below, the calculations initially use:the more. pcssnmsuc of altemauve ’
infectivity scenarios considered by DNV..

23. For the present, we also suppose that the ond mfected donation in the plasma
pools came from the identified infected donor — though this is reconsidered
. below. As detailed in the first part of Annex A, calculations then suggest that
~ this one infected donor would have resulted in the Factor VIII received by the

padent containing a total infective dose of about 0.2 Dy, (0.16.via one pool and -. ~

0.05 via the other). Using the simple litiear dose-response model that has
informed Panel recommendations to date, this implies a transmission. probability
tZ of apptoxxmately 0. 1. - .

24.  Wecan then use the approadh set out before.to asslgn probabilities to the v
possible infection routes in different scenados. - Table 1 below shows the results,
using this value for t, and altémqtives of 1and 0.5 for ¢, and 1 in 4,000 and 1 in

et
z ‘s
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10,000 for the prevalente, p. The successive rows show the probability of applying additional measures to those with known exposure to implicated

infection having come from the implicated plasma products, from any one of the batches.
14 component (Red Cell) donors, and from the primary outbreak. It can be seen
that in all scenarios, the first route strongly dominates. Note that these are 27. This specific haemophilia patient had received such large quantities of Factor
illustrative figures, using assumptions subject to much uncertainty. Nevertheless, VIII - almost 400,000 units, the majority since 1980)] - that on these calculations,
they do suggest that the infection is much more likely to have come from the the cumulative dsk from the “non-implicated” batches may well have exceeded
plasma products, with the implied risk to the component donors remaining that from the smaller number of “implicated” ones. This can be illustrated by
clearly below 1%. 9 considering the expected number of IDy, received via each route. This is
illustrated in the second part of Annex A. In summary:
Table 1: Relative probabilities of potential infection routes (omitting “non .

If the two “implicated” pools contained 3 infected donations, this route

implicated plasma” products) would have exposed the patient to a total dose of 0.6 1D,

) ] * If the other “non-implicated” pools each contained 2 infected donations,
Prevalence, p 1in 4,000 1in 10,000 this route would have exposed the patient to an expected total of 24 ID;,.
Transmission probability, t1 0.5 1 0.5 1
Prabability implicated plasma products 95% 97% 99% 99% 28. Simple application of the linear dose-response model would then suggest that
Probability of each of the 14 component donors <0.3%] <03%| <0.1%| <0.1% Whergas Factor VIII 'fr-om th.c o unphcated-”. pools would have contained a

- . . N dose hiable to transmit infection with a probability of 0.3, the large number of
Probability primary 03%] <0.3%] <01%| <01% units sourced from “nion-implicated” pools would have contained more than

enough infectivity to transmit. Crudely, this suggests that the “non-implicated”

Jote: 7 -l 7 9 . . N
Note: these are illustrative caleulations only. All figures are rounded 1o the nearest %, or (for small pools represent the more probable source of infection, by a factor of just over 3.

probabilities) indicate an upper bound.

29. This last calculation is reflected in Table 2 below, for prevalence scenatios of
both 1in 10,000 and 1 in 4,000, However, we stress that this is very simplistic. It
rests on accepting the linear model uncritically, and assuming that doses received
on successive occasions can simply be added together in calculating an overall
dsk of infection. Nevertheless, the comparison between “implicated” and “non-
implicated” routes is instructive, in showing how the sheer number of exposures
may come to dominate the presence of 2 known infection.

Implicated and *Non-implicated” plasma products

25, Although the above analysis provides some robust conclusions about the
infection routes considered so far, the calculations ignore one further factor: the
chance of the infection having come from the “non-implicated” plasma products
—ie. those manufactured from plasma pools not &rown fo have an infected
contributing donor. The problem here is that because the pool sizes are so large
(of the order of 20,000 donations each), there is a high probability that many of Table 2: Relative probabilities of potenual infection routes (mc]udmg “non
them did, in fact, contain infective donors even if one has not been identified. . implicated plasma” products)

Crudely, if the prevalence were 1 in 10,000, one would expect each pool to

contain about 2 infected donations.? L
Prevalence, p 1in 4,000 1in 10,000
26. This argument does not entirely remove the distinction between implicated and Transmission probability, 11 - 05[- 1 0.5 1)
non:implicated pools. Where there is known to be an infected contributing : Probabifity implicated. ol roduct “38% 0% 24% n
donor (and nothing is known about the rest), the other donors to that pool also ” e FSTE plocuets . - 2%
have the same probabxhty p of being infected. So with 2 prevalence 0“ in ) Probability- of each of the 14 compenent donors <0.03%; <0.03%| <0.02%| <0.02%
10,000 and typical pool sizes of 20,000, one would reasonably expect a “non- Probability primary . <0.03%| <0.03%) <0.02%| <0.02%
implicated” pool to contain 2 infected donations and an “implicated” pool to Prbbability non-implicated plasma products 61 % 61% 76%|  78%
contain 3. Nevertheless, this is not a great differentdal. The calculation suggests §
that unless the prevalence of infection is very low - much lower than considered Note: these are illustrative caloulations only. All figures are muﬂa'ea' 20 the nearest %o, or (for
here, there is only 2 modest difference in the risks posed by receipt of implicated small probabilities) indicate an upper bound.
and non-implicated plasma. This observation supports the existing policy of
considering recipients of UK-sourced plasma products as a group, rather than
* More strictly, the expected number of infected donations in each pool will be subject to a binomial ' Note that the differential between infectious doses is miuch greater, but the practical effect is
distribution. However, the distribution is not essential to the argument, especially for patients . - limited by infectipn being regarded as certain once the dose reaches 2 IDsq. - As seen in following
receiving high volumes of product sourced from many different pools, when these statistical paragraphs, the risk differential between routes is therefore more pronounced n lower-mfectlwty
fluctuations will tend to even out. - L . ) scenanqs E .
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30.

31.

32

33.

As can be seen, the previous conclusion about the low implied risk to each of the
14 component (red cell) donors still applies, with even greater force. However,
these results also highlight something of a paradox. Combined with the
infectivity scenatio taken from the DNV assessment, the pool size / prevalence
calculations suggest that many recipients of plasma products would have received
very high infectious doses, whether or not they had received any “implicated” units
with known linkage to an infected donor. This opens the question of why no
clinical vCJD cases have been seen in the population of haemophilia / blood
disorder patients designated as “at risk” because of their exposure to UK sourced
blood products.’ It might therefore be argued that the infectivity assumptions
applied to plasma products are overly pessimistic. )

Although this question is impossible to answer definitely, and in any case raises
issues beyond the scope of this paper, it is appropriate to check that the
conclusions we have already suggested about relative likelihoods would not be
overturned were we to assume lower levels of infectivity in plasma derivatives.
The DNV report 1tself suggests two possible methods for calculating the
infectivity present in each plasma derivative, using different assumption about the
effect of the various manufacturing steps. In line with the generally
precautionary approach adopted by CJD Incidents Panel, the calculations so far

use figures based on the more pessimistic of these. The less pessimistic
alternative suggested by DNV (using the “highest single clearance factor” in the
manufacturing process) leads to an infectivity estimate for Factor VIII that is
lower by a factor of 4. However, it should also be noted that risk assessments
carried out elsewhere take the clearance factors achieved at different stages to be
at least partly additive, which would lead to much smaller infective loads.

In fact, reducing the assumed infectivity increases the relative chance of infection
via “non-implicated” as compared to “implicated”” plasma. For example, suppose
the presumed infectivity in all the Factor VIII received was reduced by a factor of
100 (2 logs). Modifying the calculations in paragraph 27, this patient would then
have received an expected: )

= 0.006 ID,, from the two “implicated” pools (representing a transmission risk
of 0.003)

* . 0.24 ID,, from all the other “non-implicated” pools (representing an
infection risk of 0.12).

Albeit with the same caveats as before about using the linear model to quantify
the cumulative risks from successive doses, this suggests that the latter risk would
outweigh the former by a factor of 40.” Table 3 shows how the previous fesults’
for this patient would change, under this revised infectivity scenatio. - As can be

Possible explanations include the following: that prevalence of infection amongst donors is much
lower than in the scenarios considered here; that much more infectivity is removed during
processing of plasma products than suggested by the DNV analysis; and/or there is a threshold

dose-response effect and most recipients fall below this. Genétype effects may also be relevant (in -

providing resistance to infection or.extending the time to clinical disease), but one would expect a
substantial proportion of this group to be MM homozygotes — the most susceptible genotype.

-
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seen, the i)revious conclusions still hold, in particular regarding the small imPIied
1isk to each of the 14 red cell donors.

Table 3: Relative probabilities of potential infection routes (including “non
implicated plasma” products and using lower infectivity estimates for plasma

products)
Prevalence, p 1in 4,000 1in 10,000 -
Transmission probability, t1 0.5 1 0.5 1] -
Probability implicatec_l plasma products 2% 2% 3% 3%
Probability of each of the 14 companent donors  <0.05%| <0.09%| <0.05%| <0.09%)
Probability pnmary <0.09%| <0.08%| <0.09% <0.09%
Probability non-implicated plasma products 87% 97% 97%{  9%6% -
%
Note: these are illustrative caloulations onby. All figures are mwzded to the nearest %, or (for small
probabilities) indicate an upper bound.
References
Bennett PG, Dobra‘SA and Gronlund ] (2006): The Implications for Blood Donors if a
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Depértment of Health (2005a):-Assessing the implications for blood donors if recipients
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Depamnent of Health (2005b): Assessmg the risk of vCJD transmission via surgery; an A
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DNV (2003): Risk Assessment of exposure to vC]D infectivity in blood and blood
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Annex A: Application of DNV Risk Calculation to Factor VIII Units

(a) Implicated Donations

Key points; FHB4547
*  There was one implicated (presumed infective) donation in a start pool of 26,303
donations (pool size supplied by Professor Frank Hill via email)

* Factor VIl is derived from cryoprecipitate, which has 2n estimated infectivity of 60
IDyys / donation of infected whole blood according to the DNV model

*  70.45kg of cryoprecipitate was made from the start pool, of which 21.58kg was used
in the FHB4547 batch

5 This implies that (21.58kg / 70.45kg) of the 60 ID,;s made its way into the FHB4547
batch (18.38 ID,s)

* 1,844 vials each of 500 uits (iu) were made from the batch, which results in an
estimate of 0.00997 IDys per vial or 1.99 x 10 ID50s pet iu

Professor Frank Hill's report indicates that the index case received 8,025 units from this
batch, giving an estimated 0.16 IDj, from the implicated donation.

I ints: 42

* There was one implicated (presumed infective) donation in a pool of 21,330
donations (pool size again supplied by Professor Frank Hill)

*  Factor VIILis derived from cryoprecipitate, which has an estimated infectivity of 60
1Dy, / donation of whole blood

*  67.6kg of cryoprecipitate was made from the statt pool, of which all was used in the
FHC4237 batch ‘

*  This implies that the full dose of 60 ID,, made its way into the FHC4237 batch

¢ 5,074 vials each of 250 iu were made from the batch, resulting in an estimate of
0.0118 IDy, per vial or 4.73 x 10° IDy, per iu

Professor Frank Hill's report indicates that the index case received 1,000 units from this
batch, giving an estimated dose of 0.05 ID,, :

Conclusion

In total, these calculadons suggest that index case would have received an estimated 0:21 ~

1Dy, from the “implicated” donor. Using a linear dose-response model (where 11D,
translates into a transmission probability of 0.5 and 2 ID,, or more translates into
transmission probability of 1) this represents a transmission probability of 0.104 or
10.4%, .

5 3

(b) Non-implicated Donations

In addition to the implicated donations, we have also to consider the possibility of other
donors contributing to a pool being infective. With pool sizes of the order of 20,000
donations, each pool will be likely to contain contdbutions from one or more infected
donors by chance, unless p is very small: For implicated pools, these will be i addition 10
the “known” implicated donor.

With a prevalence of 1 in 10,000, one might thetefore expect the two implicated pools to
contain two further infected donations, taking the total from 1 to 3 per pool.

This would make the infective dose received via the implicated units three times that
calculated above, i.e. a total of roughly 0.6 ID,,, yielding a transmission probability of 0.3.

This patient also received approximately 391,000 iu of UK-sourced Factor VIII plasma .
treatment #of known to be associated with any infected donor. In round figures, this can
be visualised in terms of 20 exposures to pools of 20,000 donors, each typically
containing 2 donations from infected donors. The exact infective dose passed on to the
patient will vary from batch to batch. However, the two examples given in part (a)
suggest an eventual dose of 2.5 x 10° ID,, per unit, per infected donor. For illustration,
therefore, suppose that each unit exposed the recipient to 6 x 10 ID,,, 400,000 such .
units would therefore have exposed the recipient to 24 ID,,, '

. 2165
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1. INTRODUCTION ) oo

The last revision of the “CHMP position statement on CJD and plasma-derived Fnd rine-derived
medicinal products” (EMEA/CHMP/B WP/2879/02/rev.1) was published in June 2004.

The document is the current EMEA/CHMP guidance on CJD and vCJD and plasma-derived and urine-
derived medicinal products. It includes recommendations for these products based on the knowledge
on CID and vCID epidemiology, human tissue distribution of infectivity/abnormal prion protein and
infectivity in blood. - : . .

-

2. PROBLEM STATEMENT =

The current position statement dates from 2004. Additional information has been accrued in this field
since 2004 including the finding of four cases of vCID infection associated with blood transfusion of
non-leucodepleted red blood cells."? TSE infectivity has also been detected in urine in some animal
models™** in the<linical phase of the disease.

.

The CHMP opinion and recommendations reflected in the position statement were based on the
knowledge on CJD and vCID at the time of publishing. The progress in the field during the subsequent
years reinforces the need to update the content of the document and to review the recommendations

for these products. . -

The current position statement covers plasma-derived medicinal products-and urine-derived medicinal -

products. Currently, there is no specific guidance on CID and vCJID and advanced therapy medicinal
products based on human tissues. :

3. DISCUSSION

The position statement needs to include the latest epidemiological data and to reflect any new findings
regarding the distribution of infectivity/abnormal prion protein in human tissues and the risk of
infectivity and transmissibility of vCJD by plasma-derived and urine-derived medicinal products.

The position statement should revise some of the statements, which were uncertain in June 2004 but
where further evidence has now accumulated (e.g. the presence of vCJD infectivity in human blood).
It should also take into account the outcome of the ongoing investigations following the detection of
abnormal prion protein in the spleen of a haemophiliac patient who received a plasma-derived
medicinal product from a donor that later developed vCID.

Manufacturers of plasma-derived and urine-derived medicinal products were required to estimate the
potential of their specific manufacturing processes to reduce infectivity and provide this information to
the relevant Competent Authorities. Based on the experience in the evaluation of these data, the
recommendations should be re-discussed and revised if necessary.

“ The main conclusions of the two meetings regarding CJD risk and plasma-derived and urine-derived
medicinal products held at EMEA in 2005 and 2007 respectively should also be incorporated in the
current revision. Additionally, there is a need to update some of the references to the additional
relevant EMEA guidance published (e.g. the guidance on the Investigation of Manufacturing
Processes for Plasma-Derived Medicinal Products with Regard to vCID Risk).

Furthermore, the updated position statement should also consider possible future situations which may
have an impact on the risk assessment of plasma-derived medicinal products (e.g. the-availability of a
possible screening test for vCJD in blood donations).

The vCJD risk of medicinal products based on human cells and tissues will also be considered for
discussion. A decision on whether the guidance and recommendations of the Position Statement
should also cover these products will be discussed during the revision.

EMEA/CHMP/BWP/253246/2009 . Page 2/3
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4, RECOMMENDATION s

As already announced in the Biologics Working Party (BWP) work prog-ramme;:an u%’iate of the
CHMP position statement on CJD and plasma-derived and urine-derived medicinal products is
recommended.

S. PROPOSED TIMETABLE

The appointment of the drafting group members and chairperson took place during the June BWP meeting.
The updated CHMP Position Statement is intended to be adopted in 2010 following a 3. months’ public
consultation, . B

6. RESOURCE REQUIREMENTS FOR PREPARATION

A dedicated drafting group will be involved in the preparation of the revision of the.CHMP position.
statement. Initially, the drafting group will meet by teleconference or virtual meeting system. Meetings
at the EMEA Tavolving the drafting group members and some co-opted members for specific topics
may be needed at.a later stage. A meeting with interested parties may be needed.

7. IMPACT ASSESSMENT (ANTICIPATED) -

. N el ’
The updated position statement will have an impact on the recommended medsures for human plasma-
derived and urine-derived medicinal products. o

8. INTERESTED PARTIES

Other EMEA Committees and Working Parties (including the Committee on Advanced Therapies
(CAT), the Working Parties on Blood Products (BPWP), Cell-Based Products (CPWP) and on Gene
Therapy Products (GTWP)) will be involved during the preparation. There will be liaison with the
European Commission (DG Sanco) and ECDC. Internationally, there will ‘be liaison with the WHO
and with regulatory authoritigs in other regions. Interested parties with specific interest in this topic
will be consulted, including EHC, EPPIC, IPFA and PPTA." "

9. REFERENCES

1. UK Health protection Agency website: ) :

http://www.hpa org.uk/webw/HP Aweb& Page& HP AwebAutoListName/Pape/12259605972367p=1225960597236

2. Troniside JM Variant Creutzfeldt-Jakob disease: risk of transmission by blood transfusion and blood
therapies. Haemophilia. 2006 Mar; 12 Suppi 1:8-15; discussion 26-8

3. Seeger H, Heikenwalder M, Zeller N et al. Coincident scrapie infection and nephritis lead to urinary
prion excretion. Science. 2005 Oct 14;310(5746):324-6.

4. Gregori L, Kovacs GG, Alexeeva I, et al. Excretion of transmissible sbongiform encephalopathy
infectivity in urine. Emerg Infect Dis. 2008 Sep;14(9):1406-12. .

5. Haley NJ, Seelig DM, Zabel MD, et al.: Detection.of CWD prions in urine and saliva of deer by
transgenic mouse bioassay. PLoS ONE. 2009;4(3):e4848. Epub 2009 Mar-18. :

6. Kariv-Inbal Z, Ben-Hur T, Grigoriadis NC, Engelstein R, Gabizon R. Urine from sﬁrapie-‘infected
hamsters comprises low levels of prion infectivity. Neurodegener Dis. 2006;3(3):123-8

7. UK Health protection Agency website:
hitp/fwww.hpa.org.uk/webw/HP, HPAwebStandard/HPAweb_C/1195733818681%p= 960597236

. EHC: European Haemophilia Consortium

EPPIC: European Patients Primary I deficiency Collat
IPFA: Intemational Plasma Fractionation Associati

PPTA: Plasma Protein Therapeutics Association
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Transmissible Spongiform Encephalopathies Advisory Cox;iniitt.zé
21 Meeting, June 12, 2009
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2 Montgomery Village Avenue )
Gaithersburg, MD 20879

TopicI: - . T
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Modified FDA Risk 'Asscssment for Potential Exposure to the Infectious Agent of Variant
Creutzfeldt-Jakob Disease (vCID) in US-licensed Plasma-Derived Factor VIII (pdFVIII)
ISSUE: )
Plasma-derived Factor VIII (pdFVII) products are used b , i i i

: ' i y blood clotting disorder patients
with von Willebrand disease and some patients with hemophilia A. The announcexﬁent in
Februa'ry 2909 by health .authorities in the United Kingdom that 3 vCJD infection had been
recognized ina person with hemophilia treated with a UK manufactured “vCID-implicated”
deYIII 11 years earlier has prompted FDA to review the potential vCID risk for US users of
US-licensed pdFVIII products and current risk management strategies for such products,

Results from an updated FDA risk assessment model continie to indj i

R ! A ris | cate that the estimated
risk of the potelztxal for US-hf:eused pdF VI products to transmit the agent of vCID, the
humlzlm form of “Mad Cow Disease,” is highly uncertain but is most likely to be extremely
small. .

FDA secks the advice of the Committee on whether additional Hsk reducing measures are
needed (e. 8. modifications to current donor deferral policies) to maintain the safety of
plasma-f:lqnved biologic products and whether FDA should change its communications
concerning the risks of vCJD associated with plasma derivatives,

BACKGROUND:

In l;:l;rluary 200f9 the II-Iealtkl Protection Agency of the United Kingdom (UK) reported a
probable case of pre-clinical variant Cr - i i ion i
O years b s “gth ooty eutzfeldt-Jakob Disease (vCID) infection in a man over
. (http://www.hpa.org.uk/webw/HPAweb&HPAwebStandard/HPAweb C/1195733818681)
Post-mortem examination of the brain found no neuropathological cha_ﬁges suggestive of .
vCID, hQ-Wevcr, examination of the spleen revealed abnormal accumulations of prion protein
(PrP) typical of vCID and not of other forms of CJD. The man, who was in his 70s at death
had been .treated 11 years earlier with UK-sourced plasma-derived Factor VIII (pdF VILY) fr;.)m
a “vCID-implicated” lot, i.e., a lot of pdFVIII manufactured from pooled plasma confaining at
least one donation from a person who later died of confirmed or probable vCID.
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Variant CJD is a fatal human neurodegenerative disease acquired through inféction with the
agent that causes bovine spongiform encephalopathy (BSE). vCID infection is most often
acquired by consumption of beef products from infected cattle. The first human cases of
vCJD were reported in the UK in 1996 (Will 1996); as of May 2009, 211 definite or probable
clinical cases of vCID have been reported worldwide, 168 of them in the UK. :
(http:/www .cjd.ed.ac.uk/). In addition-to food-beme cases, four presumptive “secondary”
transfusion-transmitted infections with the vCJD agent have also been reported in the UK
since 2003 (Llewelyn 2004, Peden 2005, Hewitt 2006, -
http://’www hpa.org.uk/webw/HPAweb&HP AwebStandard/HPAweb C/1195733711457%p=
1171991026241). Three of the transfusion recipients died of vCID, while one had vCID
infection detected after death from an unrelated cause. Each person with a secondary vCID
infection had been transfused with red blood cells from donors who were asymptomatic at
the time of Jenation but who later died from vCID. The probable transmission of vCID via
transfusjon of red blood cells in the UK increased the concern that products manufactured
from the plasma component of human blood might also pose™a risk of vCID transmission.
(Plasma of animals with scrapie—a transmissible spongiform encephalopathy [TSE] used to
model vCID—contains approximately 50% of the total infectious-agengpresent in blood

[Gregori 2004].) -

* After the first descriptions of vCJD, UK authorities, recognizing a possibleé risk of

transmitting vCJD'by products derived from human plasma, stopped using UK plasma in
their manufacture and began to obtain plasma from the US ‘
(http://www.transfusionguidelines.org.uk/docs/pdfs/dl_ps_vcjd_2008-09.pdf). After the first
reports of transfusion-transmitted vCJD, UK authorities took the additional step of notifying
recipients of a number of plasma derivatives, such as coagulation factors VIII, IX, and XI, as
well as antithrombin and intravenous immune globulins, that they might be at increased risk
of vCID and reminded surgeons and dentists to take reasonable precautions to prevent
iatrogenic transmission of vCJD ) ) :
(http:/fwww.advisorybodies.doh.gov.uk/acdp/tseguidance/tseguidance_annexj.pdf
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuida
nce/DH_0811707IdcService=GET FILE&dID=155914&Rendition=Web).

In 1999, prior to the identification of transfusion-transmitted vCJD, FDA recognized a
potential though unknown risk of transmitting vCJD by contaminated blood products.
Therefore, consistent with advice from TSEAC, FDA recomrmended precautionary deferrals
of blood and plasma donors who had traveled or lived for six months or longer in the UK
from the presumed start of the BSE outbreak in the UK in 1980 until the end of 1996, when
the UK had fully implemented a full range of measures to protect animal feed and human
food from contamination with the infectious’agent causing BSE. In January 2002, FDA
recommended enhancing the vCJD geographical donor deferral policy by reducing the time
that an otherwise suitable blood donor might have spent in the UK from six to three months.
FDA also recommended deferring donors who had spent five or more years in France or
cumulatively in any European country listed by the USDA as either having had BSE or
having a significant risk of BSE. FDA added certain other measures to reduce potential risk,
such as deferring any donor with a history of blood transfusion in the UK after 1979 : )
(hittp://www.fda.gov/BiologicsBlood Vaccines/SafetyAvailability/BloodSafety/ucm095138.ht
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http:/fwww.fda. gov/BiologicsBlood Vaccines/S afetyAvailability/BloodSafety/ucm095143 bt
m). Taken together, these steps were estimated to have excluded donors representing slightly
more than 90% of the potential vCID risk while deferring about 7% of otherwise suitable

donors. Since 2002, TSEAC has several times reviewed FDA vCJD/CID blood dorior

+ deferral policies, most recently advising FDA to recommend deferral of blood donors

transfused in France since 1980. FDA has issued draft idance contaiping such
recommendations (FDA 2006). & tg.l_pmésuf:

Because BSE has been detected in so few. US cattle (only three reported c-ases;two in US-

. bom cattle and one in a ¢ow imported from Canada

[hﬁp://wwm.usda.gov/research/pub]ications/publications,.htm?SEO_NO 115=197033}),
and because-none of the three cases of vCID recognized in the US appears l—ik'ely to have ’
;esul'ted from exposure here (two cases in long-time UK residents and a third ina recent
immigrant from Saudi Arabia), the risk that US plasma donors might have acquired vCID
infection from US beef is thought to be extremely low. (Because the likelihood of exposure
qf US donors to the BSE agent in US beef products was judged-to beso much lower than
likelihood of exposure in UK, its estimated coritribution to overall.tisk seems negligible
and—while not ignored in developing FDA Risk Assessments—was not included in the
model summarized here.) However, it is possible that a few US donors might have been
exposed to the BSE agent during travel or residence in the UK, France, or certain other
countries of Europe; such donors are at an uncertain but increased risk for vCID. A subset of
such vCID-infected donors might-have contributed to plasma pools used to manufacture
deV'III in the US. The FDA-récommended donor defeiral policy probably eliminates most
of the risk associated with vCID-infected individuals; however, there could be residual risk
from eligible donors who were nonetheless infected during brief stays in foreign countries
(Yamada 2006) or from donors who should have been deferred by the screening process, but
for an unknown reason, were not. . T

FDA Risk Assessment for vCJD and pdFVIII

The recent report from.the UK attributing vCJD infection in a person with hémophilia to
treatment 11 years earlier with pdFVII from an implicated batch prompted FDA tq re-

" examine the potential vCID risk for recipients of US-sourced pdFVIIL FDA presented a

previous version of a “Draft Quantitative Risk Assessment. of vCJD Risk Potentially

Associated with the Use of Human Plasma-Derived Factor VIII Manufactured Under United

itates (US) License From Plasma Collected in the US ” at the December 135, 2006 meeting of
e TSEAC. : i

§ince 200‘6, new information has emerged, prompting us to update the risk assessment. FDA
Is presenting an update of its 2006 computer-based simulation model to estimate the potential
risk, to elucidate the most important factors determining the risk, and to identify feasible
actions that might reduce the risk. The results are modified estimates of the probability of
exposure, possible levels of exposure to the vCID agent and the possible risk of vCID

infection in several types of patients with severe hemophilia A (HA) or with a severe form of

von Willebrand disease (type-3 vWD) who have used pdFVIII product manufactured in US-
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licensed facilities. The following overview briefly describes key elements of the FDA risk
assessment for vCJD and pdFVII! as first presented and posted online in 2006 (FDA, 2006).

I. Overview of FDA 2006 Risk Assessment Model for vCJD and deVIII

Module 1. Estimates of vCJD Prevatence in UK
v LT

In our 2006 model, we used the possible UK prevalence of vCID to estimatdthe possible

prevalence in US plasma donors. The model assumed that the major sgurce.of v&ID :

infection in the US would probably be from plasma donors who traveled or lived in the UK,

France or elsewhere in Eurcpe since 1980 and were infected with the BSE agent during their

stays. -

Two different-sources.of information were used.to estimate possible prevalence of UK vCID:

. One estimate was based on epidemiological modeling predictions of the number of

vCID cases diagnoséd in the UK and a number of assurfiptiods(€.g., incubation

period, time of infection, effectiveness of feed ban). Thezmodel estimated a )
prevalence of approximately ~1.8 cases per million persons of the genetically most.
susceptible genotype (homozygous for methionine at codon 129 of the gene

- ‘encoding PrP [PRNP gene]) and allowed for the possibility that some infected

people-might have very long asymptomatic incubation periods or néver become
symptomatic (Clarke and Ghani 2005). The model reliéd on reports of overt clinical’

. cases of vCID~—all of which, at the time of our FDA 2006 risk assessmext, had
been in persons homozygous for methionine at codon 129 of the PRNP gene. The -
.number of expected cases was therefore restricfed to the approximately 40% of the
UK population having that genotype; no prediction was offered for the rest of the.
population. ) : : ]

» - A second estimate for UK vCID infection prevalence was generated using data
from a survey of abnormal TSE-associated PrP (recently designated as PIP™E by a -
'WHO Consultation ‘ ) ' L
(http://www.who.int/bloodproducts/cs/TSEPUBLISHEDREPORT.pdf)) in )
lymphoid tissues reported in 2004 (Hilton 2004), yielding a mean estimate of 1 case
per 4,225 persons. The prevalence estimate was further adjusted to account for-the
difference in age distributions of patients whose tissues were surveyed and of blood

donors. ‘

Module 2. Esﬁxﬁateé of vCJD Prevalence in US Donors and US P:lasma Pools

This module estimated the number of US plasma donors potentially infected with the agent
that is responsible for vCJD and, from that, the number and percentage of plasma pools
potentially including donations containing the vCJD agent. This module used results of a
travel survey of US donors to determine numbers of US plasma donors expected to be at
increased risk for vCJD, including those with history of: - o
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¢ Dietary exposure to BSE-contaminated beef during long-term travél or géidence in
UK, France and other European countries (since 1980);

. }JS military service in European countries where beef was obtained from the UK,
including US military personnel and associated civilian employees and dependents
posted on or residing near military facilities in Europe during certain years; and

¢ Transfusion with blood collected in Europe (“EuroBlood;’). -

. LT

US plasma donors potentially at increased risk for vCID were further chargoterized by their; -

¢ Country of travel or residence,

* Specific duration of travel or residence,
* Years of travel or residence,

e Ageof donor, ,

* _ Rate-and frequency of plasma donation,
-

Number of donations per pool, and type of plasma ;:ool (Source Plasma or recovered

plasma); and
* Effectiveness of donor deferral policies. N

Module 3. pdFVII Manufacturing and Processing

This pa.rt of the model calculated the likelihood and number of plasma pools potentially
containing vCJID agent and the quantity of agent per plasma pool and FVIII vial based on:

* Probability of and predicted quantities of vCJD infectivity (as animal intravenous
50%-infecting doses [i.v. IDso]) per donation and per pool,

¢ Reduction in quantity of vCJD agent during manufacture, and

* Total yield or quantity of pdFVII produced from the plasma pool.

Module 4. Utilization of pd\FVIII by Hemophilia A Patients

Thfa potential exposure of an individual with hemophilia A to vCID agent in deVIﬁ was
estimated in the model based on;

* Total quantity of pdFVIII used per year, and
. 'Est:jmated potential quantity of vCID agent predicted to be present in the pdFVII]
product, .

The quantity of pdFVIII utilized by an individual patient depends on the severity of
hemophilia and the treatment regimen employed. Those were estimated using data from 2
study sponsored by the US Centers for Disease Control (CDC) involving patients with
hemgphih’a A'in six states from 1993 through 1998. The FDA 2006 Risk Assessment
prpv1ded outputs that estimated the annual exposures for several subpopulations of patients
with severe hemophilia A in the following five clinical treatment groups:

- @

- -~ =

* Patients requiring FVIII prophylaxis but having no FVIII inhibitor and no immune-
tolerance treatment; .

» Patients requiring FVIII prophylaxis but having FVIII inhibitor (i.e., needing more
FVIII to maintain desired coagulation status); .

¢ Patients requiring prophylaxis and having both inhibitor and immune-tolerance
treatment; ) - ’ : .

» Patients requiring only episodic treatments and having no inhibiter; #ad

e Patients requiring only episodic treatments but having FVIII inhibitor. -

Additional Module. VonWillebrand disease (vWD) in Adults (>iS yrs of age) and
Young Persons (<15 yrs of age)

We estimated ri;k for adult and juvenile patients with vWD in two clinical treatment groups,
those requiring: e

» Prophylaxis or s o
* Episodic treatments only. L=

1I. FDA Modified Risk Assessment Model for vCJD and pdFVIIL Updates and
Changes in Model Inputs of June 2009 - i -

Recently, new scientific.information has emerged conceming susceptibility to. infection with
the vCID agent. To date, only persons homozygous for methionine at codon 129 of the
PRNP-gene have developed symptomatic vCID illness.that meets the case definition for
vCID. Successful sequencing of the PRNP genes from two of the three PrP™E-positive

" appendix samples detected during the survey described above (Hilton 2004) found them to be

from persons homozygous for valine (VV) at codon 129 (Ironside 2006). The fate of these
two persons with PRNP codon-129-VV genotypes is not krniown, although no definite or
probable cases of vCID in persons with that genotype have been reported. One of the four
transfusion-transmitted vCID infections reported since 2003 was in a patient heterozygous
for methionine and valine' (MV) at that codon (Peden 2004). Furthermore, one individual
with the PRNP codon-129 MV genotype—apparently not a transfusion recipient—was .
reported in the UK popular press (Telegraph, December 18, 2008) to have died with CJD
suspected ... on a clinical basis only... [but] it does look more likely to be variant CJD than .
another form of prion disease.” : . )
(http://www.telegraph.co.uk/health/healthnews/3815384/Hundreds-could-die-as-scientists-
identify-first-case-of-second-wave-vCID.html). - . )

Taken together, these recent findings suggest that it is now more reasonable to assume thiat

the entire.general UK population is at risk for vCJD infection, and this assumption has been
incorporated throughout the FDA 2009 updated Risk Assessment, Unfortunately, there is still

 little information available on the duration of the incubation periods for vCID-infected

persons with PRNP-129 non-MM genotypes. We assumed that the incubation periods and

. duration of that part of the incubation period in which vCJD agent is present in blood of

infected PRNP-129 non-MM individuals is potentially much longer than for PRNP-129 MM
individuals. ) :
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Several inputs have been updated or added to modules 1 and 2 of the model since 2006.
Three input parameters, listed below, have been updated since 2006, and three new inputs
were recently added to the model to improve assumptlons for susceptibility of remplents to
vCID infection.
Updated Inputs: ' R

1. Prevalence estimation of UK vCID infection ' -

2. Prevalence of UK vCID infection: Age of susceptible popula’aon -

3. Time during incubation period when infectivity is present in blood

New Inputs:
4. PRNP-129 genotype susceptibility and genotype proportions in US populatmn
S. Dlstnbutmns of vCID incubation periods for persons of different PRNP-129
gcnotypes
6. Age distribution of persons with asymptomatic vCJD infections °

- =
. &

1. Prevalence Estimation of UK vCJD Infection (updated ini)ut)

A key assumption of the FDA vCID Risk Assessment Model is that most infected donors in
the US would probably have become infected through exposure to the BSE-agent from
consurnption of BSE-contaminated beef products during travel to the UK, France and other
countries in Europe since 1980. Because prevalence of vCID infection is highest in the UK,
the model used prevalence in the UK population and a relative-risk approach to estimate
vCID exposure, and therefore prevalence of vCID infection, for US.donors who traveled to
the UK, France and other Buropean countries. The actual prevalence of vCID infection in the
UK remains unknown and difficult to estimate because of the long incubation periods and
because.clinical illness appears only during the last few months or years of infection.
Because of the uncertainties, the FDA 2006 Risk Assessment used the two different sources
of information described above for estimating possible UK prevalence of vCID infection: a
‘high estimate based on a Iymphoid-tissue survey (infection prevalence) and a lower vCID
case prevalence estimate based on registered overt vCID cases. We still do not know which
of the two estimates of UK prevalence of vCID is better to estimate the possible prevalence
of US donors having vCID agent in their blood at the time of donation. We modified the
lower vCJD prevalence estimate (Clarke-Ghani case-based estxmate) for this 2009 update of
the FDA Risk Assessment to assume that the entire population is susceptible to vCID
infection, including persons with all three possible PRNP-129 genotypes: MM, MV and VV:
As noted above, the lower VCID case prevalence estimate was derived using epldexmologlcal

- modeling of actual reported cases to estimate probable future clinical vCJD cases in the UK.

(Clarke and Ghani 2005). This estimate of approximately 1.8 vCJD cases per million was
used by FDA for the 2006 Risk Assessment. It had a number of limitations associated with
 its simplifying assumptions; those contributed to considerable uncertainty in final case
estimates. Those simplifying assumptions included the intensity of human exposure to the
BSE agent, influence of genetics and other factors on susceptibility to infection with BSE
agent, length of vCJID incubation periods, and influence of age on exposure to the agent.’An
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additional limitation is the possibility that the prevalence of v€ID mfecuon in'the UK is
higher than this estimate if there are people infected but who never develop the disease while
still potentially spreading the infection, or—as seems increasingly likely—if some infected
individuals become ill but only after an extremely long time.

The higher vCID infection prevalence-was estimated from testing results of a relatively small
survey of tonsil and appendix tissue samples saved from UK patients; the-sdsn 1gles were
examined by immunohistochemistry, seeking accumulations of abnormal PrE™>". (Such
accurnulations of abnormal PrP™E were previously found at autopsies Gf patients who died
with vCID and in tissue fortuitously saved from surgery during the last two years of '
incubation period [Hilton 2002]). This approach yielded an unadjusted estimate of 1 vCJD-
infected persoxn in 4,225 (237 infections per million [Hilton 2004]). that was then adjusted for
patient age asd the distribution of reported age-specific vCID rates, A limitation to this
study, contributing to uncertainity of the estimate, was its lack of control by testing a
statistically adequate number of similar tissues from non-BSE exposed populations, so that
false-positive reactions cannot be ruled out, and specificity and positivé- ggedlctlve values
cannot be evaluated. It also remains unknown whether the finding of P#P*°" in lymphoid
tissues by immunohistochemistry, assuming reliability of the methadfor 1dent1fymg sub-
clinical or pre-clinical vCJD infections; accurately predicts the presence of vCID agentin
blood in a quantity sufficient to transmit infection by transfusion—now repeatedly.

. demonstrated for blood during the last one to three years of incubation period for three

donots who later became ill thh typical vCID. (Thxs limitation also apphes to the lower
prevalence esumate) g :

’ Aﬁer a,ccountmg for the age-distribution, incubation period, coumry, year and. duratxon of
-travel, we used both prevalence estimates to predlct the number of vCJD donations that -

might make their way into US plasma pools of various sizes. A brief summary comparing -
changes in the UK.vCID infection prevalence estimates between the FDA December 2006
Risk Assessment Modét and the FDA Juné 2009 updated Model is provided in Tablel ~
below. The lower vCID prevalence estimate used for the FDA 2006 Risk Assessment Model
was ~1.8 per million; it assumed that.vCID-infected individuals would develop clinically
overt vCID only if they had the PRNP codon-129 MM (approximately 40% of the total
population). The FDA 2009 Risk Assessment Model now assumes 100% of the population to
be susceptible to vCID infection, yielding a higher prevalence of -4 5 per million (~1.8 per -

million x 100% / 40% = ~4.5 per million).

Table 1: Changes in UK vCJD infection prevalence estimates bétween the FDA
December 2006 Risk Assessment Model and FDA June 2009 Updated Model
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Input Parameter FDA Model FDA Updated Model
Name and December 2006 June 2009
Description

UK vCJID Prevalence
Estimates

L

1) LOWER vCID Case Prevalence
estimate: Predictive modeli

1) LOWER vCID Casg Prevalence
i : Predictive modeling estimates;

estimates; implies initial prevalence
~1.8 per miilion*

*Estimate based on Clarke and Ghani
(2005}, assumed only persons
homozygous for methionine MMM) at
codon 129 of PRNP gene would
progress to develop clinically overt
vCID

implies initial prevalence

~4.5 per million*

| *Bstimate based Clarke and Ghani (2005),

assumes persons of all 3 PRNP
genotypes to be equally susceptible to
vCID infection and that some might

“progress to develop clinically cvert
vCID

2) HIGHER vCID Infection Prevalence
estimate: starting prevalence based
on PrP™F immunohistochemical
surveillance study of tonsils and
appendices of ~ 1 in 4,225"

*Estimate based on Hilton et al (2004);
assumed persons of all three PRNVP-
129 genotypes (i.e., entire general
population)to be susceptible to vCID
infection

- B

2) HIGHER VCID Infection Prevalence
estimate: starting prevalence based on
PrP™ immunchistochemical
surveillance study of tonsils and
appendices of ~ 1 in 4,225*

*Estimate based on Hilton et al (2004);

assumed persons of all three PRNP-129 )

. genotypes (i.¢., entire general
population) to be susceptible to vCJD
infection

2. Prevalence of UK vCJD Infection: Age of Susceptible Population (updated input)

In the UK, vCJD has most often occurred in relatively young persons; the median age at )
onset of clinical signs is approximately 30 years. Because of this tendency for infection and
clinical disease to occur in the relatively young, the FDA December 2006 Risk Assessment -
Model adjusted prevalence estimates to account for the age-specific rates of observed clinical
cases in the UK, where “age” was the age at the onset of symptoms as described in Hilton
(Hilton 2004).

The updated FDA June 2009 Risk Assessment Model inCorporates an estimate of the age
distribution of the population of persons at risk for or susceptible to vCID infection, The
approach further adjusts the age-specific rates of observed clinical cases in the UK at the
onset of symptoms (Hilton 2004) that were used in our previous model
(http://Www.fda.gov/oh'rms/dockets/ac/OG/bﬁeﬁng/2006-427Ibl-indcx.htm) by subtracting
the median incubation period, which is assumed to have 2 median duration of approximately
12 years (90% Cl= 5-35). The resulting mathematical function effectively shifts the age
distribution curve at the time of clinical onset left by approximately 12 years to produce a
new distribution that represents the population of persons who are at risk or susceptible to
vCID infection (see Figure 1 below). This overall younger population (a median of
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approximately 12 years younger) probably provides a better representation of the age
distribution of the UK population most susceptible to vCID infection.

12 years
" ST
N e
0.204 // e— -
! Susceptibility curve is equal to the clinical
cases curve shifted 12 years earlier.
A
K=} PR
ke -
8.
o - N
& 0.10+
0.05+
. 8084y
I ————— Susceptibility - All 3 genotypes Clinical Cases

Figure 1. UK vCJD Prevalence: Age of susceptible population. Age'_of the ‘sqsc;ptible
population was derived using the distribution for age of persons at the time o.f cluuc'al onset
of vCID in observed cases (Hilton 2004) and subtracting the median incubation period of
approximately 12 years. - .

‘3. Time During Incubation Period when vCJID Infeétivity Presen; in Blood (updated
input) .

The FDA December 2006 Risk Assessment Model assumed that infectious vCID agent was
present in blood of infected persons only during the la5t half of the incubatioy period. Tl}ls
assumption was based on-a discussion at the October 31, 2005 TSEAC Meeting addressing
vCID risk for plasma derivatives. The updated FDA June 2009 Risk Assessment Moflql now:
assumes that infectious vCID agent is most likely to be present in blood longer—during the
last 75% of the incubation period (minimum=50%, maximum=90%). This assumption was
updated to reflect results from recent findings from studies in animal models Whif:h suggest
that TSE agents might appear in blood during the first third of the incubation period (Brown
2007). :

4. PRNP-129 Genotype Susceptibility and Genotype Proporﬁén& in'US Population
(new input) . .

10
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The FDA December 2006 Risk Assessment Model assumed that the genetic background of
individuals in the population is oné factor likely to. be associated with susceptibility to vCID
Infection. At that time, all known cases of overt vCJD (symptomatic individuals who met the
WHO case definition of vCID) had occurred in individuals with the homozygous PRNP-129-
MM genotype. Research had revealed presumptive evidence of latent infection in two
individuals homozygous for valine at that locus (PRNP-129-VV) (Iranside 2006) among the
three samples of appendix containing accumulations of PrPTSE reported by Hilton (Hilton

2004). (The third PrP™E-positive appendix tissue could not be genotyped,) However, because

clinical vCJD had never been identified in any individual with a PRNP-129-non-MM

. genotype (PRNP-129-MV or PRNP-129-VV genotypes), it was impossible to estimate.

incubation periods for non-MM infected persons—except to conclude that they would be
longer than those of PRNP-129-MM persons. Furthermore, it was even unclear whether these
individuals would ever develop clinical illness or transmit infection. Therefore, to calculate
the-lower vCID Case Prevalence estimate, the model assuned that only persons with the
PRNP-129-MM genotype were susceptible and would—if they lived:long enough—
eventually develop clinical vCID. MM persons were assumed to repgesent approximately
40% of the total donor population in the UK. Persons with PRNP-129-n0n-MM genotypes
were not included in the calculation of the LOWER vCJ D case prevalence estimate. For the’
higher vCJD Infection Prevalence estimate (based on the Hilton tissue survey), we assumed
that persons of all PRNP-129 genotypes—MM, MV and VV—representing 40%, 50% and
10% of the total donor population, respectively were equally susceptible to vCID infection.

The updated FDA June 2009 Risk Assessment Model now assumes for both the LOWER
vCID Case Prevalence estimate and the HIGHER vCID Infection Prevalence estimate (based
on the tissue survey) that all persons are equally susceptible to vCID infection. We have also
modified our 2006 assumption that only persons with the PRNP-129-MM genotype would
develdp overt vCID, and our updated 2009 model assumes for the LOWER vCID Case
Prevalence estimate that at least some persons with PRNP-129-non-MM genotypes may

eventually progress to develop overt vCID but that many will probably remain asymptomatic

for life. We again assume, for modeling purposes, that persons with the PRNP-129- MM, - - »
MV, and -V'V genotypes comprise 40%, 50% arid 10% of the total donor population,
respectively, in both the UK and US. ' ‘

3. Distributions of vCJD Incubation Periods for Persons ‘of Different PRINP-129
Genotypes (new input) o : ’

The FDA December 2006 Risk Assessment Model assumed a vCJD median incubation
period 6f 13 years and mean incubation of 14 years for persons with the PRNP-129-MM
genotype. Because little information was available on the incubation period for persons with
the PRNP-129-MV and -VV genotypes, we assumed their incubation periads to be the same
as for persons of the PRNP-129-MM genotype. The updated FDA June 2009 Risk
Assessment Model assumes a median incubation period of 12 years (90% Cl = 5-35) for
persons with the PRNP-129-MM genotype. .

Additional reports of PRNP-129-non-MM genotype individua.ls with immuno- histochemical

" evidence of vCID infection detected post-mortem have been published in the literature

(Peden 2004, Ironside 2006). Although no case reports of definite or probable vCJD in such
. i . ) .
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persons have been officially announced, a prudent assumption must be that some of them

-will eventually develop overt disease and that their blood may contain the infectious vCID

agent for a portion of the incubation period. However, the estin}ation of incubation peri'ods
for people with PRNP-129-non-MM genotypes remains comph}:ated and more uncertain than
for persons with the PRNP-129-MM genotype. Given this Fonmd;r_able uncertainty, we made
simplifying assumptions to establish a distributien for the mcubatlon»penodg of vCID-
infected people with the PRNP-129-non-MM genotype. Our updated modél—gssﬁ;nes th;
distributions for the incubation periods for vCJD inféétion to be the same for persons. with
PRNP-129-MV and -VV genotypes with a median of 32 years (90%CI;25-55 years) and to
be nomally distributed. The high value of 55 years (95 percentile) was estimated based on

" the maximum incubation period for kuru (Collinge 2006). . :

6. Age distribution of persons with asymptomatic infection (new input)

The December 2006 FDA Risk Assessment Model assumed that the age distribution for
persons with asymptomatic vCID infections was the same as the distribution of ages czf onset -
of clinical cases. The updated FDA June 2009 Risk Assessment Modql&alculates. an “Age
Distribution of Incubation Periods” (period of asyrxiptomati_c infections) by combining the
“UK vCID Prevalence: Age of susceptible population” (input #2, described abovc) and
“Distribution of incubation periods™ (input-#5 described above). .

‘Model Uncertainty

The ranges of uncertainty and variability in the input parameters of the dslf_ass.essment are
. great, resulting in very large uncertainty in the outputs that estimate potent{,al nslg. o
Uncertainty ¢an result from lack of information or limited information, whxl_e'yanabx.hty'_ls
uisually the inherent difference obseived for a particular input parameter. Because scientific

" data regarding the level of exposure to the vCID agent and the likelihood of cemmhuman
- health outcomes, such as infection and illness, are lacking, estimates for the risk of infection

generated in the assessment may. not be accurate. For those reasons, it iS. not 'p_qssib}g to :
-provide an actual estimate of the vCID risk to individual patients potentially »exposed to the
vCID agent through plasma-derived products. . -

FDA believes it is nonetheless appropriate to share with the general public both the findings

of possible risk and the uncertainties in'our assessment for pdFVIL, beqauge it is possible -
that the risk is not zero. We are seeking the advice of the TSEAC, meeting in June 2009,

conceming the findings of the updated risk assessment and its interpretation, given the very * -

wide range of uncertainty in the estimate of vCJD risk. We will also seek advice on steps that
might help to estimate risks better and improve risk reduction.

12
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DISCUSSION:
A. Risk Assessment and Interpretation

Current FDA quantitative risk assessments use probabilistic models and Monte Carlo-based
methods to sample individual values from statistical distributions of mode! inputs to produce
thousands of theoretically possible individual scenarios that are combinednto a single
distribution describing the range of predicted outcomes for a risk (Vose 2000). The FDA
December 2006 and June 2009 Risk Assessment Models are both intendéd to estimte the
risk of vCID infection for users of US-licensed pdFVII as a function of product exposure for
different assumed levels of infectious vCID agent clearance during manufacturing of
PAFVII under each of two assumed levels of prevalence of vCID infection in the UK -
(http//www:fda.gov/downloads/Biolo gicsBloodVaccines/S afetyAvailability/B loodSafety/U
CMO095104 pdf: : :
http:/fAvww.fda. gov/downloads/BiologicsBloodVaccincs/SafetyAvailability/BloodSafetnyC
MO095106.pdf ). '

- =
First, after consultations with TSEAC, we outlined the successive steps involved in the
manufacture of the product of concem and the events that would need to occur in each step .
for an infectious agent from a donor to reach the final product. The risk assessment utilizes a
probability-based computer-based simulation model to evaluate successively the impact on
vCID risk of individual processes used to produce hurnan pdFVII beginning with plasma
donation, vCJD infection prevalence in plasma donors, manufacturing steps, and, finally,
differing levels of utilization of the product by various representative patient subpopulations.
Input data for parameters used in the model, such as clearance of infectious vCJD agent by
various steps in the manufacturing process and pdFVIII usage, are represented as statistical
distributions that express the underlying uncertainties and variability. Each run of the model
randomly samples one number from the distribution for each parameter; this is done
thousands of times to generate a sin gle distribution represénting the final risk estimate that
expresses, where possible; the accompanying uncertainty of these risk estimates. A
sensitivity analysis, conducted by varying values of key parameters within the input range of
the model and observing the effect on the predicted outcomes, determined that three major
factors in the model greatly influenced potential vCJID risk: reduction of the infectious agent
by the manufacturing process, intensity of pdFVIII utilization by the patient, and differing
estimates of disease prevalence in the UK. :

One of the most influential risk assessment parameters for vCID is the manufacturing -
process, which may reduce thé amount of vCID agent in the final product or even or-
eliminate it. Because of the uncertainty and variability in the levels of vCJID clearance

afforded during the manufacturing process for any pdF VI product, the model evaluated two

separate categories of reduction in infectivity that the product may have undergone during
manufacturing including 4-6 logw, and 7-9 Iog10 reduction. These two categories are meant to

span the possible range of uncertainty and variability in reduction of vCJD agent for US-
licensed pdFVIII prodiicts. Based on currently available experimental studies, FDA believes
that all US-licensed pdFVIH products probably achiéve at least 4 Iogw-fold clearance of

vCJD infectivity during manufacture,

13
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Laboratory studies using model TSE agents have demonstrated reductiog or elimination ot:
TSE infectivity by certain types of manufacturing steps. Analogous to viral clearance studies,
the capacity of a manufacturing process to clear TS];“. agents can be mfg*red from the results
of experiments using vatidated scaled-down simulations of manufacturing processes and a
well-characterized model TSE agent. FDA has recommended that such studies, 1f submitted
for a labeling claim, supply the following information: ; - .

Rationale for animal model selected to assay infectivity; | . .- _ -
Well-characterized bioassay for TSE infectivity; S e

Rationale for selection of spiking preparation containing TSE agent;
‘Characterization of spiking TSE agent; . o
Demonstration of accurately scaled-down manufacturing processes (ordinarily
evidgﬁ_ced by producing the desired active product); .
TReproducibility of experiments; -

Estpimated légz of TSI;E clearance by processing steps (log reduction fact-m.’ [LRED);
Demonstration of “mass balance” (accounting for fate of all inpat infectmty).; '
Demonstration that mechanistically similar clearance steps ax¢ or are not additive;

and s ?? ’
¢ Account experimentally for “conditioning” of infectivity (“Fnah'_l.x effect) because a
prior step in the manufacturing process may affect the physical state of TSE agent and

in turn affect downstream clearance.

mber 2006, the TSEAC-discussed whether a minimum level of TSE clearance (total
i?lr)g:f:tive LRF) demonstrated by laboratory studies could be defined that enhances safety of
plasma-derived products. The concept of a minimum level was agreeaple to TSEAC. FDA
proposed a total cumulative LRF of 6 log of clearance, based upon.,estlmatxon of.plasmzvl
infectivity derived from animal studies, results pf the FDA 2006 Risk Assessnfxent for.
pdFVIL, and including a margin of safety: However, TSI‘S.A}C felt tha',t, due to insufficient
scientific certainty regarding the amounts of vCID infectivity thag might be px:csent and the
physical/chemical characteristics of infectivity in human 'plagma, it was not wise for FDA to
recommend a firm minimum LRF (as demonstrated in expenmgnm:l studies) that‘woul‘d.
guarantee the safety of pdFVII prepared by any single maquffxch}rmg schem}a. Ip addl’fxon, _
TSEAC members expressed concerns regarding the major hm1_tat}ons of studies involving
spiked brain-derived TSE agents into blood or plasma for predicting clearance pt: endogenous -
vCJID agent from blood. There was agreement that while current exogenous spiking models
have utility and enhance understanding of product safety, their limitations preclude -
recoﬁxmending a specific minimum clearance level ‘
(http:/fwww.fda.gov/ohrms/dockets/ac/06/transcripts/2006-427 1 t-unofficial. htm).

To date, FDA has allowed TSE clearance labeling claims for five plasma-derived products.!
The minimum approved labeling claim has been for products magxufachucd by processes tbat
demonstrated 6 logyo of clearance for model TSE agents in ,w(penmeqtal. studies. FDA has
encouraged industry studies of pdF VIII manufacturing processes, which were presented to
TSEAC in December 2006. The range of clearance offered by single production steps was
2.28 t0 4.6 logyo. Results of three of four studies were based on prion-protein-binding assays

! Carimune® NF, Panglobulin® NF, Privigen® Gamunex®, Thrombate [[I®
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(detecting PrP™) rather than infectivity assayed in known susceptible anifhals; a fourth
study assessed clearance by infectivity bioassay
(http:/fwww .fda. gov/ohrms/dockets/ac/06/slides/2006-4271S 1_00-index.htm). This raises
questions as to the processes used for clearance of TSE infectivity in the manufacturé of the
“implicated” pdFVIII product received by the UK hemophilia patient with vCID infection.
. Unfortunately, results of clearance studies are not available for that product, -
Another major variable affecting potential risk is the quantity of product ued by patients in
different treatment groups. For purposes of this model, only patients with severe hemophilia
A (HA) were considered because their higher use of product puts them at higher risk than
patients with mild or moderate forms of the disease. Severe HA patients account for
approximately 50% of the total HA population. Approximately 25% of all US HA patients
use pdF I products, while most others use recombinant FVIIL (Data from a CDC-
sponsored epidemiological study of HA patients were used to generate the statistical
distribution of pdFVIII usage by patients - i
[http:/fwww.fda. gov/ohrms/dockets/ac/06/transcripts/2006-4271t1.pdf;
http://www.fda. gov/ohmms/dockets/ac/06/transcripts/2006-4240t1 pdfe-
http://www.fda. gov/ohxms/dockets/ac/O6/hanscxip}ts_/2006-4240t2_-p'd]). Using these
estimates, the risk assessment evaluated different treatment regimens; The five groups of
" patients requiring the largest amounts of product are, in increasing order of usage, (1) thosé
. treated with pdFVIII prophylaxis, (2) those treated with prophylaxis plus treatment for FVII
inhibitor, and (3) those treated with prophylaxis and having an inhibitor plus requiring
induction of FVHI-immune tolerance. Patients generally requiring treatments with the
smallest amounts of product are (4) those needing only episodic treatment, ard (5) those
needing episodic treatment plus having a FVIIT inhibitor. We have also evaluated the
potential risk to patients with severe von Willebrand disease (VWD), who are treated with
PAFVIII containing von Willebrand Factor (vWF), because no recombinant vWF is available.
yet, . .

Results of the Updated Risk Assessment

Results from the updated FDA 2009 Risk Assessment Model for potential annual individual
exposure and vCJID risk are shown in the Appendix in Table I. Results for potential annual
individual exposure range from a low of approximately 1.7 x 107 iv IDs, Per person per year
(tisk of I in 12 million) for patients who receive episodic treatment and have no inhibitor, to
a higher potential exposure of approximately 1.6 x 10* iv IDsp per person per year (risk of 1
in 12,000) for patients on a prophylactic treatment regimen having both a FVIIT inhibitor and
induction of immune tolerance. A side-by-side comparison of the potential annual exposure
estimates from FDA 2006 and 2009 Risk Assessments for all HA patients using a
hypothetical pdF VI product manufactured by a process that reduces the amount of
infectious vCID agent 4-6 log;q-fold is shown in Appendix Table II. The comparison
suggests that, even allowing for additional susceptibility of donors to vCID, there is very
little overall difference between the vCID risk predicted by the FDA 2006 Risk Assessment
Model and that generated by the updated FDA 2009 Risk Assessment Model. The biggest

difference in the estimates (for 2009 versus 2006) was an approximately 4.5-fold difference -

(7.3 x10° vs1.57 x10) in‘annual exposure risk for patients who received a prophylactic
treatment regimen and had both a FVII inhibitor and needed treatment for immune
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tolerance. However, even this difference is likely to have resulted from the large ungerminty
and variability in the model inputs and probably does not represent a large increase in overall
estimated vCID risk. '

A side-by-side compariéon of model results from the FDA 2006 and 2009 Risk Agsesém;:n_ts
for the mean per patient risk at two levels of rhanufacturing process c'leara_nc? of vCID agent
of 7-9 logjo—fold and 4-6 logyo-fold shows very little difference (Appendix Table III). As in

- Appendix Table II, the biggest difference in the estimates generated in 2009 versus 2006 was

a less than 5-fold difference (1 in 270,000 vs 1 in 1.3 million) in annuzil exposure for patients
who received a prophylactic freatment and additional treatment for both FVIII inhibitor and .

* for induction of immune tolerance. Comparison of results from the FDA 2009 and 2006 Risk

Assessments for vWD patients with severe disease (Appendix Table IV-A and IV-B)
indicates littfe difference between estimates generated by each model, In some cases results
in certain cells'of Tables I, III, IV-A and IV-B indicate the risks for 2009 may appear lower -
or higher than the corresponding results for 2006. Because the results of each cell in each
table are calculated independently of one another, and because of the significant uncertainty

and variability in the- model, one would expect this type of variation in-#ie observed estimates L

of risk: Overall, even adding to a part of the FDA 2009. Risk Assessiment the assumption that
the entire UK populaion is susceptible to vCID infection (the rest of the original FDA Risk
Assessment in 2006 already assumed universal susceptibility), the results for 2009 and 2006
remain similar, supporting the same basic conclusions. Given the uricertainties of the.mtfde;ls,
itis still'not possible to provide a precise estimate of the vCID risk or to attempt to predict
the actual risk to individual patients. As in 2006, the current results of the model continue to
suggest that some users of pdFVII might be exposed to the vCID agent, so that there is,g _
‘potential risk of infection, but that risk is likely to be extremely small, even for those patients
using the largest amounts of product. - . )

Interpretation

* Results from the updated FDA 2009 vCID deVII_I‘Risk Assessment Model suggest that the

risk of vCID infection from US-licensed pdFVIIL s likely to be extremely small but may not
be zero. For US plasma donors, the major source of vCID risk is dietary exposure during
travel and/or residence in the UK, France, or other countries in Europe since 1980. Blood and
plasma donor deferral criteria in place since 1999 have reduced the risk posed by donations
from BSE-exposed and vCJD-exposed persons. ’

Manufacturing processes for himan pdFVIII products are likely to reduce the quaﬁ'tity of
vCJD agent, if present, but the level of reduction achieved by manufacturing steps is not - - }
precisely known. Clearance of TSE agents in manufacturing appears to vary amorig pmdugtg, .

but clearance has not been measured in standardized studies that might allow more )
meaningful direct comparisons. Based on currently available experimental studies, it is

- estimated that pdFVIII products potentially undergo 4 lo gm (10,000-fold) or greater reduction:

of the vCJD agent during the manufacturing process. Assuming a 4-6 logloireducti_on in

infectivity by the manufacturing process, modeling predicts that the potential risk per person-
per year for patients with severe HA using pdFVIII ranges from' 1 in 12,000 for the hJ.gher_
"vCID infection prevalence estimate and high product usage; to-as little as 1 in 12 million for-
the lower vCID case prevalence estimate and low product usage. While higher levels of .
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B. Risk Management Strategy

FDA’s current risk management strategy for vCID has evolved in response to emerging
epidemiologic-findings and basic scientific developments pertinent to the epidemic. The
overall risk management strategy for vCID includes the following;
. P
*  Deferral of donors at increased risk of vCJD based on epidemidlogical data, and
withdrawal of certain products at increased vCJD risk: .~ :
© Donor deferrals; Guidance since August 1999 (most recently updated in
January 2002) to defer donors with " geographic risk," e.g., donors who visited
or resided in countries where BSE prevalence is higher; deferral of donors
who used UK-sourced bovine insulin; deferral of donors. transfused in the UK
since 1980 (note also that a draft guidance published in August 2006 proposed
deferral of donors transfused in Franch since 1980); and '
o Withdrawal of vCJ D-implicated blood components and plasma derivatives is
recommended if a donor is diagnosed with vCID (which has not occurred).

* Facilitating development, validation, and information sharing (including product
labeling) regarding the performance of manufacturing processes in clearance of TSE
agents from blood products: .

© FDA reviews requests for TSE clearance labeling claims which may be
approved if detailed, validated TSE clearance study data are provided.

.o On September 18, 2006, FDA discussed with TSEAC the feasibility and
scientific value of standardized assessments of TSE clearance in the
manufacturing processes for pdFVIIL The topic will be addressed again at this
meeting. : Y

* Facilitating development of candidate donor screening and diagnostic tests for vCID
and other TSEs:

© FDA has held meetings with candidate test kit manufacturers to discuss
developmental pathways.

© A public discussion of validation for donor screening tests for vCID and other
TSEs was held with the TSEAC on September 19, 2006.

* Risk assessment and communication to inform patients and physicians about the
current scientific understanding regarding vCJD risk from blood products and to help
inform treatment decisions: .

17.
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o FDAhas engaged in i)eriodic reassessment of TSE: ep‘idemit;!ogy’?{i‘fd' _
pathogenesis to determine whether guidance/policies need to be revisited in
light of new information. . .

o FDA performed risk assessments for potential exposure to vCJD in
investigational pdFXI made from plasma don?ted in the UK, and for US-
licensed pdFVIII made from plasma- donated.m thé US o

o FDA developed and posted risk commun‘icatlon materials on the FDA
website, o -

o FDA communicates with patients organizations whgp‘-@w €vents occur
regarding vCJD. " T .

o - FDA encourages physicians and patients to consider this risk in making

treatment decisions.

-

Qu‘est‘ionS f(;x; the Committee:
i i i ieve that the gsk: of variant

Based on an updated risk analysis, FDA continues to b'ehcve h. 1

Creutzfeldt-Jakob disease (vCID) to patients who receive US-h_c_gn;&i plasma-derived _

coagulation factor VIII (pdFVIN) products is likely to be extremely small, although we do

not know the risk with certainty.,

e ion A ibuting a case of -
I. Should the recent report from the UK Health P.rotectxon Agency, att_n”
vCJD infection to treatment 11 years earlier with a “vCJl?-mplxcated pdF VI, alter.
FDA’s interpretation of the risk for US-licensed preparations of pdF VIII?

. -If so, should FDA consider: . : :
= lef Recommending additional risk-reducing steps for manufactlfre.z of plasma
derivatives (e.g., modifications to current donor defen?,l pphcws)?
b. Recommending revised warning labels for plasma derivatives? e
¢. Recommending modifications to FDA's public communjeations (e. g., 10 Web
postings) regarding the risk of vCJID associated with the use of FDA-licensed
plasma derivatives? : . )
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Appendix with Tables I through IVB -:

Table I. Updated FDA 2009 Model results for all hemophilia A patients with severe
disease using hypothetical pdFVIII produced by process with 4-6 Logy Reduction
Factor (LRF) of vCJD infectivity: Potential mean per person exposure to vCJID iv IDs,

and mean per person vCJD risk per year

Ry

e

Table I1. Comparison of FDA 2006 and 2009 Risk Assessment results &sji_maﬁ"ﬁg mean
potential annual exposures to vCJD iv IDs, for all hemophilia A patients using
hypothetical pdFVII produced by process with 4-6 LRF of vCJD infectivity

'ngl.; Reduction Factor (LRF)
Model Output for Model Output for HIGHER
LOWERvCJD Case Prevalence vCJD Infection Prevalence
o ) of ~4.5in 1,000,000 " based on estimate of
. based on Clark and Ghani 1in4225
(2005) by Hilton et al (2004)
Est. Total Mean Mean exposure .
tity PV posureta | Mean** potential | Mean exposureto | Mean** potential
Treatment Inhibitor ::&ne::: q“‘unxe;ypo.r VEID iy DDy vCID risk VEID iv D * VEID risk
Regimen Status In US person Pper person Per person per person per person
per year Jper year | pegear per year per year
(% 95% pere) | 77 95" perg 6% 5% perc) (5% 95% perc) 6%~ 95% pere)
P rr
157,949 TU lin :
No Inhibitor 578 @242, 4.9 %107 4.0 miliion 4.5 x10° V44000
382316) ©0) ) G- 20009 (© - Vin 4,700)
With Inhibitor lia
- BOSBIU | g 5507 - 5.4x10% 1in 37,000
Prophylaxi: N 63 (26956, " (0 - 1in3,900)
rophylaxis _;nlb:‘r;u: 447639 v (0-0) oy ©- 26x10Y "
With Inhibiter . lin
- 558,700 1U 7.3 x10°¢ 170000 1.6 x10* 1in 12,000
62 (33235, ’
With 0 - 122,700
:;o]z:.::m 1592943) ©-) o |t e « )
. 7 lin -5 .
. h:o 946 85,270 TU L7 x10 12 million 2.5x10 1in 81,000
ibitor . © - 1in 18,000)
(4633, 244656) o) ©2) @ 10wy
EBpisodic - 8
tin
with 151 160,458 TU 8.6 x107 " 23 mition 4.6 x10° 1 in 43,000
Inhibitor 5314 , 488906 - © - 1in 9,800
( ) o) . ©- 20%0% ] )

*iv IDs, represents the probability that 50% of those exposed to 1 Dy, intravenously may become infected
with vCID.

**Mean potential annual vCID risk ~ the risk of potential vCID infection based on animal model dose-
response information, Mean potential annual vCID risk = Total mean quantity iv 1Dy, per year x 0.5 (50
% chance infection from IDy,) .
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4-6
Log;o Reduction Factor (LRF)
- - Model Output Model Output for
Jor | FHGHER vCJD Infection
LOWER vCJD Pgevalences based on
Case . -~ _ Hilton et al (2004)
Prevalences . . -
based on Clark.
and Ghani
(2005)
T Mean Year
ot - Total i Mean exposure to Mean exposure to
- Nu::ber F%;‘;;J" ::{d I,?:‘::::( vCID fv IDg* vCID v IDg*
Trestment | Iobibltor | paentsin per person Conducted per person per person
- Regimen Status us per year <~ per year per year
(from FDA
2006) -
N Pad
2009 4.9 x107- 4.5x10°%
No tabibitor 578 157,949 IU
2006 499107 - 367x10°
wis [ 2009 7.5x107 | 5.4 %10
Inhibitor .
Propiats | =7 |63 | 1905331 : _
0 In\
Tolerance 2006 421 x107 R 4.86x10°
wita ' 10-6 -4
waibior 2009 7.3x10 1610
= 62 558,700 IU
With A ) j
o, 2006 15710% 13010
2009 1.7 x107 2.5x10°
e 946 85270 tU — -
Inhibitor . .
2006 2.12x107 191x10°*
Episodic -
2009 8.6 x10” o 46x10%
with
e 151 160,458 1U ‘
2006 2.49x107 4.19%10°
*iv IDsq represents the probability that 50% of those exposed to 1 1Dy ¥ 1y may become infected with vCID.

**Mean potential annual vCID risk - the risk of potential vCID infection based on animal mod;l dds;—mrponsa information.
Mean potential anoual vCID risk = Total mean quaptity iv s, peryear x 0.5 (50 % chance infection from gy,
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TABLE III. Comparison of results from FDA 2006 and 2009 Risk Assessments for
mean potential per-patient vCJD risk for all hemophilia A patients using hypothetical
pdFVIII at two levels of manufacturing process reduction in vCJD agent infectivity (7-9
LRF and 4-6 LRF) and assuming both LOWER and HIGHER prevalence estimates

Table IV-A. Comparison of results from FDA 2006 and 2009 Risk Assessments for vonWillebrand'
disease (vWD) patients with severe disease: Predicted potential annual exposures.to vCJD agent in
iv IDso and vCJD risk assuming 4-6 LRF by manufacturing process

7-9 B . 4-6
Log;o Reduction Factor (LRFy- = Logyq Reduction Factor (LER)
Model Output for | Model Ontpit for | Model Output for . | Model Ouiput,
LOWER vCJD HIGHERvCID - | LOWERvCD Case | HIGHER vGi
Case Preval, Infecti Preval . Infecti
based on Clark Prevalences based on Clark and Prevalences
and Ghani (2005) | based on Hilton Ghani (2005 based on Hilt
_ et al (2004) _etal (2004)
- - B
- Mean Yesr
Total .
1. 4 i 8
Lo Numbe F%“I;;‘ u:z a Al?::sﬁt:t Mean potential~. | Mean potential Mean potential Mean potenil
Treatment Inhibiter r per person Conducted ¥CID risk vCJD risk vCJD risk vCJID risk
Regimen Status patient per year per person per person per person per person
sin US (from FDA per year _-per y:s per year per year
ZOOQ Sl . - ’
2009 Tin S4billion | 1lin 44 milllon 1in 4.0 million Lin 44,000
No
Inhibitor 578 157,949 1U A R
. N 2006 Lin 4.1 billion lin 50 million 1 in 4.0 million 1in 54,000
With B
Iohibitor - 2009 Linz8billion | 1in 37million 1in 2.7 million 11n 37,000
Prophylaxis - 63 190,523 IU
: rgro immuna 2006 Lin 3.5 billion 1in 40 million 1in 4.8 million Lin 41,000
olerarice
With
Inhibitor 2009 1in 200 million | 1in 12 million 11n 270,000 1in 12,000
- 62 $58,700 10 | T
With 2006 : e . . : .. s
Immune 1 in 551 million 1in 1S million lin 1.3 million 1ia 15,000
__Tolerance
2009 1in 12 billlon 1in 81 million lin12million | 1in81,000
No .
946 85,270 IU
Inhibitor . ! y .
2006 lin 32billion .| lin 100million | lin 9.4million Fin 105,000
Episodic - -
lin1.8bilion | Ilinddmillion | ' 1in2.3 million Lin 43,000
With . 2009
151 | 1604581V '
Inhibitor ’ . : .
2006 1in 4 billion 1in 50 million lin 8million Tin 23,000
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YOUNG vWD (£ 15 yrs of age)
TG
Log;y Reduction Factor (LRF)
Model Output for Model Output for HIGHE}
LOWER vCJID Case Prevalences vCJD Infection Prevalence
< based on Clark and Ghani (2005) based on Hilton et al (2004
P .
- .g‘:.'l qvl:::lt:ty FDYA”R’I sk Mean exposureto-| - Mean** po.t'znﬂ:l M:“vg;:" Mean** potent
Number |- product uséd | Assessment YCID bv g VC‘T". m’; IDg* vg':::i»
patients |  per person Conducted P;::’;‘"u:“ ";"u!’"‘.: - per person -l’”: e
US| peryear L A I Ot R I T B i
Yoter ; e : . R
‘ 34108 0000
Propliylaxis . 2009 3.6107 1in 5.6 million ) 11n 53,000
39 165,713 U . —_— T g
2006 a3x10” | 1w a7milion | 3.81x10° 1in 52,000
Episodic RN
: 2009 275107 Lin 75 milion 320 |y 630,000
11,045 [U . —_— L —
60 ’ 41410 o 0
2006 1in 48 million 2065a0% | - 1R 97L000
. ‘i“i
v
24
246 - .




VHENREY A S L6 QUEH B

CCERENTNBHIIPLD | @O Wlew g D ZEYFANHIG OB RS E TR T o
SYE ZCTUUISWO My | U REH T SHUREMN Ll ang L h o

TR
SURLENRIEUV R D WURHBL Y RO WT DGR T
NYRBUBFYAY (BB UL UHTIG D W CA7 @

247

CYEFRLNBIFD HXBUOTHNTEL LR Wi | Ly bsdid) BIEAK (LEENWRE T X Wy
Hxogs . BROXISH
L URMNINY RORER O L L £ KT TAYERRY G UHTBOFEH AL 6@
38 NI 2 2 L YV RIBBENG oY L L 4 CEZRY AR YURNW I T QUGB GH Ty sdtd B TIBHE G T
RELINYHR] <4 (RHY B Yy TUUREMUTEBA <M (T b odld K4 7 ‘URWELC T casigy
Taoddd KHEROILE EHy E%wﬁ”&m KD EIE T odTd SEEN BONg v 4 2.5 JequTayog Io[ssnellg-uuen}sian
‘WA WEWL A ‘W Ay a M HR—ASA s —gr T oY CRLEFYG L HEBD T £ o /05a] “Borpr =
ARSI BT ENYUD 0 Q24 4 4 ( To/08qT 718010 9 LIBWF Y edid Y @TUD W >Sdd Hawr £ oy | W
QHEN S ‘YT 3YCUR Ansigves A DSE2NT £ oL BB W E R ¢ FVLA 4 s OV H) U EI% 100 @
‘U@ /0501801y gL e L > HALHUWEY AU O 0 LR TN AL A A S (DAL o Fyoxy ™ ugy 0per IR B bo
" @D RH 0T ¢ ¢S §4 Jor08] UOTIONpLI DAL 4 3t O Y VER - LD €0 LA 4 ¥ Fadid @dh | 2g R
oL TN WRNT £ BB <K (RO R R4 D) O R Tho 0 oin 2y CLGGE UNRHE O | iy
HED 2 (OIW) UM /N bf /T—rfng s 1 WEVE L (HDO) 4 —¥ G R %O0T YUGE G T— & ¥ T\ EW Ne95—
L880~600-1A9 | 5 44 YW £ 2T "YU TR T Y 42 ALY EEYS 1 YEREAYIHPIW O £ L 4 4 KISy
REEEEHOT HHW 1Ue3I810p/JudATOS ‘) i H CRRTMERUTEC LR 7w [ By (A0A) Mo d - Ju=s g pn SR HLEWY
FERBRETOTHE HURUMNMEO S L L4 a0 b Lz YELLANEY MR <18 (HHW O LEANWEL R (od1d) BEAKGLEYE
"(6002) ‘g6 .
'€62-92% ‘L6 S1ulndues xop ‘[e
18 jeeeag-JessTaN Yy “pyseidejog
( euse[d pajeari—(G/S) jueBiojep ke (ZET) ¥
/ 1usATos £117enb TeoT1naveuaeyd BRETOSBEY
LG v—k 241 Jo ssedoxd BulanioeInuem sy
QIUT paonpoIjul puesdi] AjIlulije
EHE2Y 213108ds e Jo 109)J0 {eaowel uoray WL
METHNSY NaER HEH LD 6002 B H H [&] o,
$POEWEDY HEYS—% FEN OB aRiKy
i EE 2l
EFHEE SMHYH YyukEg
£-C Wiy k= : -2 S5SNI
NES s s si%
: g E S a2 |z 2| £
58 E5E g
o S L AT R AT I
t, _v m =3 e - k] )
tEE "8 | 88| 51z £ 2
9 = ¥ 5 2[5 ERE ] i3
,_ CEP ooo3% | Epéd FlE g
& 3 . ] SLd LN I o | = Q
w8 s o g ¥50 2 i 8, g E <
: CERIN- I T I I R N T -
’ " o rm W &} ..M &
28§8 353 8
«Rg L . p S90 - - ]
gaET > S | Bl L% 5
SES 9 §3 | | % % | X %
: £22 & Q3 als 318 g a
. SBE o =8 . 8
i ~ B 14
BE2 & %
efX = g |8 218 |%
e.2 a a |& QR | & a
w— T o I3
ggs <« 4
.m mm, 2 2 2
55 g 5
s8¢ = 22
E5R @ @ Ly
e 23 23
(ST , iy D
-] % g L3 Y E m
Zes JE s
— o -2 2 o2
ﬁ 2 E8 & o
h .m 2 - | .—m m




b
AL

b

NAORME e
{7(“06(‘!( 00!06',"‘%

y T T pqees

B‘Y‘L*2009-0387

Vbx Sanguinis {2008)

. =
- 2009 The Auth
0 R l G l N A L PA PE R Journaf compilation © 2009 Int:m:nonaTSoum of Blood Icvanshzrz(:ﬂ
DOI: 10.1111£5.1423-0410.2009.01 206 x

Prion removal effect of a specific affinity ligand introduced
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Background and Objectives A new chromatographic stepfor the selective binding of
abnormal prion protein (PrP*9) was developed, and dptimiZZition for PrP¢ capture was
achieved by binding to an affinity ligand attached.to Synthetic resin particles. This
step was implemented into the manufacturing process-of the solvent/detergent (S/D)-.
treated biopharmaceutical quality plasma Octaplas® to further improve the 'safety
margin in terms of risk for variant Creutzfeldt-Jakob disease (vCJD) transmission.

Materials and Methods Intermediates and Octaplas® final container material, spiked
with hamster brain-derived PrP*-containing fractions, were used for experiments to
establish the feasibility of introducing this novel chromatography step. The binding

capacity per millilitre of ligand gel was determined under the selected manufacturing .

conditions. In addition, the specificity of the ligand gel to bind PrP* from human
sources was investigated. A validated Western blot test was used for the identification
and quantification of PP,

Results A reduction factor of 2 3.0 log,, could be demonstrated by Western blotting,
utilizing the relevant Octaplas® matrix from mannfacturing. In this particular cell-free
plasma solution, the PrP* binding capacity of the selected gel was very high (2 6
log,, IDg,/ml, equivalent to roughly 10 logw IDsolcolumn at manufacturing scale).
The gel binds specifically PrPS® from both ‘animal {hainster and mouse} and human
(sporadic and variant CJD} sources. )

Conclusion This new single-use, disposable PrP*—haxvesﬁng gel ensures a very high capa-
city in terms of removing the pathogenic agent causing vCJD from the new generation
OctaplasLG?, in the event that prions can be fourid in plasma from donors incubating
the disease and thereby contaminating the raw material plasma used for manufacturing.

revised 20 May 2009,

accepted 20 May 2009 Key words: affinity ligand chromatography, OctaplasLG®, prien safety, PrP%, vCID.
. depleted red blood cell concentrates in the UK [1-4], as well

Introduction : :

as the first probable case of vCID through a plasma-derived -

In the last few years, four probable transmissions of variant factor concentrate {5}, have made prion diseases a matter of
Creutzfeldt-Jakob disease (vCID) through non-leucocyte concern in today's blood therapy.

A nuniber of actions have heen implemented by regulatory

Correspondence: Andrea Neisser-Svae, PhD, Octapharma Pharmazeutika authorities, such as requiring that all facturers of plasma-

Produktionges.m.b.H, Oberlaaer Strasse 235, A-1100 Vienna, Austria
E-mail: andrea.neisser-svae@octapharma.com

derived biopharmaceuticals should perform appropriate prion
safety evaluations of their product portfolio. Different
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manuyfacturing steps have been demonstrated to provide
significant removal, either of prion infectivity or the disease-
associated marker PrP* (6]. Specific affinity ligands designed

to bind prions have previously shown a significant capacity

to remove PrP5 and associated infectivity from blood

components such as red blood cell concentrates [7-3). Such_

specific affinity ligands have until now not been investigated
for the removal of PrP* in plasma-derived b\ophamxammcals
such as Octaplas®.

Octaplas® is the first generation solvent/detergent (S/D)-
treated, human, coagulation-active plasma. The production
process is straightforward and very reproducible. Cells and
cell fragments are removed by a 10 pm filtration step at the
front-end of the-process. The S/D-treatment is performed
utilizing 1-0% (w/w) tri-n-butyl-phosphate (INBP) and 1-0%

{w/w) Octoxymol-9. TNBP is subsequently removed by oil and -

Octoxynol-9 by solid phase extraction. Finally, two filtration
steps are performed (0-45 and 0-2 um) to ensure stenhty of
the final product.

It has already been demonstrated that the current Octaplas®
manufacturing process is able to remove 2°5 log,, cell-bound
and free PrP*, when using a chrnnlcally infected cell line as
spike material; which in itseif ensures a.good safety margin
for this plasma product in terms of prion transmission [10].
The implementation of an additional orthogonal prion
removal step would further enhance the safety of Octaplas®
in this respect. The company Pathogen Removal and

" Diagnostic Technologies Inc. (PRDT, NY, USA) has developed

a group of ligands, coupled:-to a standard resin base,
which have demonstrated strong affinity for the prion.
The studies reported in this paper were designed to determine
the potential for prion removal by a specific affinity ligand
implemented into the new generation OctaplasLG® (LG,
ligand gel} manufacturing process. To prevent potential

interference of the non-h us plasma product {e.g.

possibly containing cells and cell debris) with the binding of
PP to the affinity ligand, it was decided to ingorporate the
new prion removal resin post-cell filtration and S/D treatment,
at which point the product is clean from cells and debris that
might contain or cany the paﬂio'gcnic prions. The technical

** implementation’ of the ligand resin was performed by

Octapharma PPGmbH, Vienna, Austria.

Materials and meihods

Spike material preparations

The 263K strain of hamster-adapted scrapie used in the
experiments was supplied as a 10% crude brain homogenate
(CBH] by the laboratory of Dr Robert G. Rohwer {Baltimore,
MD, USA). A microsomal/cytosolic (MIC) fraction was pre-
pared from the 10% CBH following the preparation procedure

: est‘ab»lished for various TSE sub-cellular-fractions (the CBH

- = FH.
was centrifuged at 10 000 g for 8 min at ambient temperature’
and the supernatant was separated from the pellet and
harvested as the MIC fraction} {11). For studies.on the robust- ~
ness of PrP% removal, the pellet from the above centrifuga-
tion was used as the spike [CBH ) after re-suspended ata

_~10% concentration in fris-buffered saline (TBS) or phosphate-

buffered saline (PES). The CBH, g fraction contained the
large membrane fragments aiidtissUe not present in the MIC
fraction, which was mostly cnnsnst:nt of more soluble and
presumably smaller PrE¢ components.

The studies shown in Figs 2-4, as well as the suppomng
feasibility studies, were performed with a Sarkosyl-treated
spike material, CBH was treated with 0-5% Sarkgsyl for 30 min
on ice. The solution was centrifuged at 13 000 g for 10 'min
at room temperature to remove debris. The supernatant

(CBHj, ) was used as the spike (8. .

Determination of PrP™ , =

The proteinase K [PK): digtstlon and Western blot assay used-

for the detection of PrP5¢ were either performed as described
by Gregorl L et al [8] or with some minor modifications ~
where Triton X-100 Instead of sodium dodecyl sulphate
(SDS) was used as detergent during the PK digestion step,.and’

where the polyacrylamide gel concentration was 12% {(Bio-Rad ‘

Laboratories, Vienna, Austria) instead of 14% (NuPAGE,
Invitrogen Life Science, Carlsbad, CA, U5A). The end-point-

- titre of the sample used for reduction factor calculations was

determined in 2 0°5 log,, serial dilution setup and defined
as the first dilution where no signal was observed on the

‘Western blot. Sainples were processed before PK digestion in

order to overcome interference as detailed below.

Western blot validation

"The Western blot assay used for. determination of btion

reduction factors and binding capacity in Tables ! and 2
was subject to a formal- validation following Intemational
Conference on Harmonisation (ICH) guidelines to ehable an - -
evaluation of the suitability of the assay in terms of assay
variability and linearity for use in the clearance. studies
detailed in this report, and also an evaluation of the limit of
detection (LOD) of the assay in com}iarlson with a prion stock

_of known {defined) bioassay titre, The linearity of the assay

is shown in Fig. 1. The regressjon parameters can be used to
convert Western blot titres into {nfectious titres using the
following formula:

Titre T g * 45867
[ fBeamay] T 1066’7

This formula was used for calculation of the resin binding
capacity in terms of infcmous doses.

© 2009 The Author(s}
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Table 1 PrPS removal during chromatography with a non-$/D-treated
spike. Fifty millilitres of Qctaplas® final produet was spiked at the indicated
spike ratio with 3 CBH,, from hamsters infected with hamster-adapted
scrapie 263 K strain. After withdrawal of 3 sample of the spiked start
material, the spiked plasma was Ioaded onto the PRDT column and the
flow-through fractions were collected. Following plasma loading and
washing of the PRDT column with citrate butfer, the column was washed
experimentally with 2 M NaCl, and finaliy the remaining resin was
re-suspended in TBS and tested (column gel)

Woestern blot sample titre from
cnd-point titration {log, ]

5% CBH, , spike/ 1% CBH,,, spike/

Sample - D5 migel 1-3 mi gel
Spiked start material 25 20,
Flow-through 0~5 ml <05 $-05
Flow-through 5-10 ml $-05 £-05
Flow-through 10~20 m! o5 1-0
Flow-through 20-50 m} 0-s 15
Flow-through 50-85 mi 0-s b5

2 M NaCl wash 20 15
Column gel 35 30

Table 2 PrP removal during Octaplas® manuFanuving with an
S/D-conditioned spike. Approximately 200 ml of crude plasma was spiked at
a spike ratio of 1% with the indicated spike materials from hamsters infected
with hamster-adapted scrapic 263 K strain. After withdrawal of a sampie of
the spiked start material, the spiked plasma was processed through a
downscaled modef of the Octaplas® process from front-end cell and
cell-debris filtration, via S/D-treatment, filtration and solid phase extraction
untit eventually 50 m! of the S/D-treated plasma intermediate after solid
phase extraction were loaded onto the 5 ml PROT column from which the
indicated flow-through fractions were collected. Following plasma loading
and washing of the PRDT column with citrate buffer, the column was washed
experimentally with 2 M NaCl, and 'ﬁnally the remaining resin was
re-suspended in TBS and tested (column gel)

Western blot sample titre from
end-polnt titration [log,,)

Sample ’ 19% MIC spike 1% CBHy yyqq spike
Spiked Octaplas® after 1 um filtration 2.5 20
After S/D-treatment, liquid phase 25 10
extraction and depth-filtration

After solid phase extraction 20 10
After PRDT gel

Flow-through 0-0'5 il <-05 $-05
Flow-through 0-5-50 ml » $-05 £-05
Flow-through 5-0-10 mt $-05 <-05
Flow-through 10-20 m 05 £-05
Flow-through 20-50 ml 15 oS
2.M NaCl wash 34 20
Column gel 20 15

© 2009 The Author(s)
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60 « Repeatability and intermediate Precision
- Data: Average and Standard Deviation
é 5-0 4| — Regression Line
H
2 40 .
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g 10 ¥= 10667x - 45867
R = 0-9942
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Defined PrP titre
flagy, [Dg/ml of 10% Homogenats]

Fig. 1 Uinearity of Western blot assay, A plot of Western blot end-point titres
obtained from muitiple determinatians (at least 3} of various dilutions bf 3
hamster-adapted scrapie 263 K prion stotkof known (defined) bioassay titre.
The limit of detection is 4-5 Iag]D»lmI.ﬁﬁ: individual standard deviations
for samples at each dilution tested-was no greater than $0-25 legyy.

Interference handling

A direct Wester blotting of the samples containing Octaplas®
could not be conducted due to the interference from high
plasma protein content. To reduce this interference and to
enable assaying of the flow-through samples after adsorption
by the gel ligand, spiked samples were pre-diluted 3-2-fold
fo-s log,} in TBS containing 0-1% bovine serum albumin
followed by a centrifugation at 15 558 g for 60 min at
ambient temperature, After centrifugation, the supernatant
was carefully decanted and the pellet re-suspended in either
the same volume of the original spiked sample, or in 1/10th
the original volume centrifuged (i.e. 10-fold concentration),
achieving an effective concentration of 05 log,,. Recovery
within 0'5 log titre as determined by serial dilution Western
blot assay of low titre PrP> was demonstrated via this procedure
in control experiments, as indicated by comparable Western
blot end-point titres for the centrifuged samples when com-
pared with a non-centrifuged sample {data not shown).
Regeneration samples containing basic high salt concentra-
tion were diluted 0'5 log,, and then tested i the Western blot
assays. The column gel samples were tested undiluted: before
analysis by Western blotting (i.e. without centnfugaﬁon] The
PK digestion was performed in sifu on the matrix, Followmg
boiling in SDS, the PrP%* was released from the matrix.

Robustness of the prion reduction step with regard

. to different spike preparations
Octaplas® was spiked with either MIC or CBH, \q at a 1%

spike ratio. The pH of the spiked material was determined
and, if necessary, adjusted to a pH of 6-9-7-4.

Jowrnal compﬂaﬁon © 2009 International Society of Blood Transfusion, Var Sanguinis (2003)
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Following removal of a sample for determination of titre
in the spiked start material, the remaining spiked material was
loaded onto a prepared ligand resin column (Vantage L11 X250,
Millipore, Bedford, MA, USA), which had been equilibrated
with water for injection, 20 mw citrate buffer, pH 7-0 con-

taining 140 mum NaCl. The flow rate of the chro}namgraphy_

was adjusted to the necessary contact time (plasma with
resin} of ~2 min. Collection of the flow-through began once
the ultraviolet (UV) baseline had reached peak absorbance.
Following loading of the sample, the column was washed with
the citrate buffer used for equilibration, and collection of the
flow-through continued until the UV absorbance began to drop.
All chromatography-steps were performed at ambient tem-
perature. Sample§(flow-through) were collected at various
stages of the passage of the spiked start material through
the column. An aliquot of each flow-through was stored at
< -60°C until tested by Western blotting as indicated above.

Determination of the PrP* binding capacnty per
gel volume

In order to evaluate the PrP*° binding capacity per millilitre
gel, studies were performed using sequential identical
columns. In these experiments, 0-01% CBHg,, (final concen-
tration of brain homogenate) was spiked in Octaplas®
harvested from routine ‘production. Ten millilitres of this
challenge was.applied to the first column (0-5 ml bed volume)
containing the gel in a Protein Isolation Kit mini-column
(PIKSI, ProMetic Life Sciences Inc., Mount Royal, Quebec,
Canada). The flow-through from the first column was applied
onto the second column - and from the second onto the
third. The gel-bound PrP* was quantified by densitometric
reading of the Western blot signals, and the binding
capacity per column and millilitre gel was estimated in com-
parison to the PP input level.

Binding of infectious prions from different sources

Leucocyte-reduced human red biood célls in residual plasma
spiked with brain homogenate from different transmissible
spongiform- . encephalopathy strains, including hamster
scrapie, human vCID, human sporadic (sp)CJD, and mouse
Fukuoka strain Gerstman-Striussler-Scheinker disease (GSS),

- were applied in duplicate to the ligand resin in column format.

Calculation of reduction factors.

Reduction factors (RF) were calculated as detailed in ‘Note for

Guidance on the Performance of Virus Clearance, Studies'
[CPMP/BWF/268/95 (1996]): RF = (V, X T)/{V, x T,), in
which V, and T, are the volume and titre of the start material -
and V, and T, are the volume and titre of the product
fraction, respectively. In logarithmic terms, this equation can

be expressed as: log,, (RF} = [lag,'0 (V) + log,, (T))] - llog,,
(V,) + log,, (T,)), and the logarithmic reduction factors (LRF)
were rounded to one decimal place only after having
completed the final calculation.

Resuits A )
In preliminary studies, four 'i)'fvth?__most promising ligands
among the many screcned by-the company PRDT [8,12] were
selected for investigating. their compatibility . with . the
Octaplas® manufacturing process and its outcome. One of
them did not change the biochemical profile of Octaplas®
at all, whereas the other three depleted significantly both
coagulation factors and inhibitors {data not shown).

Different aspects of prion binding were investigated by
using different spike preparations. As unprocessed CBH'
probably contains all possible infectious modalities, it was
used as the starting spike Hiaterial for the various spike
preparations, The MIC prepmiion has been chosen because
it is enriched with the-stiallest and most soluble forms of
PrPS¢, Where the PrP* concentration, as determined by
Western blot, is theoretically unrelated to the size distribution
of the prion aggregates, this spike with small PrP% sizes may
represent a form of.infectivity closer to that assumed to be
potentially present in plasma from blood donors than the
form present in spikes with large particle sizes.

The CBH from which the ‘microsomal fraction had been
removed by centrifugation {CBH, i) Was selected to inves-
tigate the binding of larger particle size distributions, ie.
those not contained in the MIC fraction. The use of the two
spike preparations above provides for a more thorough
investigation. of the binding properties of the ligand resin
than when only CBH is used.

In addition, for some experiments a sarPosyl-solubilized
spike was used, Sarkosyl-solubilized prion spike agents have
been utilized widely in prion spiking studies, and yjeld a spke
preparation from which the membrane components have
been removed - which may mimic veéry well the nature of our
target Octaplas® matrix following,thé S/D treatment. The use of
sarkosyl as opposed to other detergents is a balance between
avoiding extremely strong detergents, such as SDS; which may
denature the prion aggregate, and using non~ionic detergents
that tend to be too weak to provide sufficient solubilization.
Where the spike material was solubilized with sarkosyl before
spiking, the respective abbreviation for the spike material is
appended with the subscripted text ‘Sark' {i.e. CBH, ).

Feasibility experiments

In'the first set of studies, experiments were performed -
where a sarkosyl-solubilized spike {i.e. lacking membrane.
components) was spxkcd into Octaplas® final pmduct and apphtd
directly onto PRDT ¢ Two PRDT ¢ c g

- © 2009 The Author(s)‘

Joumnal compilation Q 2009 International Society of Blood Transfusion, Vox Sanguinis (2009)

252



Prion removal during Octaphsl_.i}‘ ma_néf,acmring 5

the ligand resin at two different column volumes, 1-9 ml and
9-5 ml, were challenged with two concentrations of spiked
Octaplas®, 1% and 5% spike ratios, respectively. The flow-
through sample was collected in fractions as indicated in
Table 1 and analysed by Western blot for PrPS, Under a high
PrP5¢ loading (i.e. 5% spike ratio), with 2-5 log,, as the ipput,
as-05log,, of PrP*¢ signal was recovered with a RF of 2 3-0
log,, {25 log,, minus < ~0'5 log, ) could be demonstrated for
the early flow-through fractions (0-10 ml), utilizing the
relevant Octaplas® matrix from manufacturing. We applied
the methodology described above (see Interference handling)
to remove the Western blot-interfering plasma proteins by
assaying the pellet after_centrifugation, which resulted in a

* quantitative recovery'ofthe PrPS. Furthermore, this centrif-

ugation step provided 0-5 log,, of PrP% concentration and,
thus, increased the assa&zscnsiﬁvity. The results indicated
that the binding capacity, determined by the volume at which
breakthrough occurred, was dependent on the PrP5¢ load
vs. the amount of affinity ligand in a reproducible manner.
Within the accuracy of the assay, the total bound PrP> loaded
onto the column was quantitatively recovered - ¢ither in the
experimentally applied 2 M NaCl wash or still bound to the gel.

PrP5¢ removal under manufacturing conditions

" Further experiments were performed to investigate removal

of PrP> which had been conditioned via the S/D-treatment,
filtration and solid phase extraction steps, which forms
the mid-section of the standard Octaplas® manufacturing
process. Crude plasma was spiked with hamster brain-derived
infectivity and processed using a validated downscale of the
manufacturing process, including the front-end cell and cell-
debris filtration. Following the final solid phase extraction
step, the product was loaded directly onto a PRDT column to
investigate PrP%¢ renioval. Note, that the level of removal
observed for the Octaplas® manufacturing process before
PRDT removal cannot be compared with that reported in
previous pubhcauons which used a chronically infected
whole cell preparation as spike. This earlier work measured
prion removal for the Octaplas® process including cell

removal via 1.0.um filtration, whereas the current studies

only addressed potential removal of non-cell associated
prions post-1-0 um filtration. 'ffmspectivc of the spike’s
nature [MIC o CBH, ), an effective PrP* femoval to below
the limit of assay sensitivity was observed in the early
flow-through fractions from the column (Table 2). For the
CBH, 35y SPike, a slightly higher loss of spike material was
observed for the steps before the column. Although not
significant, this finding is consistent with the nature of this
spike, which probably contained larger PIP® aggregates or
PrP* associated with membranes fragments large enough to
be filtered out. The pattern of breakthrough also demon-
strates slight differences between the two spike materials, in

© 2009 The Author(s)

which the MIC spike showed earlier breakthrough than the
CBHy y¢j spike. This result may reflect an earlier saturation
of available PrP5° binding sites by MIC, due to the smaller
prion aggregates present in this spike preparation, or it may
reflect the higher PrP** loading onto the column due to the

. lower upstream loss of PrP> compared to the CBH ¢y case.

Again, for the early flow- through framons (0-10 ml},
the 2 3-0 log,; RF for the whole process (2 2:0-2'5 log, RF

by PRDT column} could bc_dcmgmatcd using the MIC spike
and the amount of PrP%¢ recovered from the experimental
2 M NaCl wash and gel d rate the sub ial bindi
capacity of the affinity ligands. Based o the input of PtP
and the sensitivity of the Western blot assay, it was calculated
(see Materials and methods) that the PrPS removal capacity
per millilitre gel was 7-3 and 6-4 log,, 50% infectious dose
{ID,)/ml resin for the MIC and CBH, Mq‘spikc. respectively.

Determination of PrP¢ blnding capacity per gel
volume P

The gel binding capacity for PrP* was also investigated
utilizing a different study design, in which the PrP* bound
to the gel was analysed. In these studies, a fixed volume of
challenge (10 ml) and a-fixed volume of gel (0-5 ml) were
used. The challenge concentration was 0-01% CBHg,; (final
concentration of brain homogenate). The spiked challenge
solution was applied to three columns in series. The binding

to each column was then evaluated independently via -

Westemn blotting. The results (Fig. 2) indicated that the vast
majority of the detectable signal was conéentratcd in column
1. The flow-through from column 1 contained some contam-
ination of PrP%, which was visualized as a very weak signal
captured by the second gel (< 3% of PrP* input), as shown
in Fig. 2. In all tests performed, no signal was ever detected
in column 3 indicating that all PrP> had been removed
before this stage. Furthermore, this demonstrated very strong
PrP* capture was reproducible when different batches of gel
were tested (Fig. 3). The quantification by densitometry of the
PrP* bands récovered from the resin was conducted using.a
Bio-Rad VersaDoc imaging system (Bio-Rad Laboratories,
Hercules, CA, USA). The results indicated that practically
all input PrP* was detected bound to the resin. We had pre-
viously determined that the total ID,, in the challenge were
5 x 10%1D,, based on the infectivity titration of the spike with
the bioassay. Thus, in all cases the PrP>¢ binding capacity per
millilitre gel was found to be in the range of 5 x 10°/0'5 ml gel,
equivalent to 60 log;, D, /mi resin.

Determination of the gel ligand specificity for Prp%
from different sources

Figure 4 shows tha.i the resin has the ability to bind infectious
prion from ali the sources tested, inciuding the human vCID

Journal compilation © 2009 International Society of Blood Transfusion, Vox Sanguinis (2009)
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Control Eluate
0-1% SBH Coll Col 2 Cot3
PK +
38D
28%xD

Fig. 2 Sequential PrP% removal. Western blot analysis of the PrP% protein
eluted from the PROT gel before {-) and after (+ ) PK treatment. Thc blndmg
assay was conducted ;;.dscubcd in Gregori et ol (8). In brief, 10 miof

. Octaplas® were spiked With 0-D1% CBHy,,, (SBH} and applied to three

columns (Col} in series, cach-colurn contained 05 mi of gel. In the ~PK
tanes, 50 il of resin were mixéd with 7-5 ! of water, 17 ! of 2% LDS and
25 I of 4x LDS-sample buffer (NUPAGE), PK digestion was.conducted
dircctly on the gei beads {50 i) with 7-5 ul of 1 mg/ml PK and 17-5 il of 2%
$DS incubated for 1 h with vigorous agitatfon. Th’e_ reaction was stopped by
the addition of 25 jul of 4x LDS-sample buffer (NUPAGE) containing the
reducing agent. All samples were heated at 90 °C for § min, briefly '
centrifuged and 10 ! of the supermatant containing the eluted proteins
were loaded on each lane, The contro] lanes show the PrPS® signa of 10 ul of
0-1% SBH before (-] and after (+) PK treatment. The PrP* signal in the -
control lane (-PK) was used to estimate tﬁsamqunt of infectivity captured

“by the gel. The molecular weight standards in KDa are shown on the left.

and spCJD. In the 'case‘of spCJD, the signa! was weak due to
the low level of endogenous PrP™ in this particular specimen.

Discussion

A resin with a ligand, developed by the company PRDT, able
fo bind and remove PrPS quickly and efficiently from plasma
during the industrial manufacturing of the Octaplas" product
has ‘béen identified. A number of studies have been per-
formed investigating: the clearance of PrP™ by this resin
under a variety. of conditions and utilizing various spike
forms. The introduction of this prion binding step provides
a robust and effective prion. removal step dedicated to

improving the prion safety profile of Octaplas® even further,

without having a ncganve impact on the final product

quality [13].
Various spike forms and study designs were used in order

.to evaluate the robustness of the PRDT resin. The resin

challenged with CBH, detergent-soluble PrP* forms, or
homogeriates enriched with small or large PrP* forms all
indicated several-log-steps of consistent and reproducible

_removal {2 30 log,,). Thie PrPS* binding capacity of the resin

per millilitre gel was shown to be in the region of 6:0-7-3

log,, ID,,/ml resin, and effective removal was observed up

until the binding capacity of the column was reached. Thus,
for the gel volume chosen (3-8 I} for a standard OctaplasLG®

Control . Eluate
1% SBH  Coll - Col2

) Batch #1

Batch #2

Batch #3

Fig. 3 Reproducibility of PrP removal In sequential set-up. Westem blot

comparison of #rPS¢ binding to three independently manufactured batches
of PROT gef. Ten millifitres of Octaplas® were spiked with 0-01% CBHg,,, (SHB)
and applied to two columns (Col] in scrivs, each column contained -5 ml of

“gel. The samples without {-) and with (+) PK were processed as described in

Fig. 2. Ten microlitres of the eluted protelns were loaded on each lane. The
control lancs show the PrP™ signal of 10 i 6f 0-1% SHB befare (<) and after -
(+] PK treatment.

batch size (380 1), the total PrPS capture is equivalent to at -
least 96 log, Dy which is equivalent to 9-4 log,, ID
{ID;, x 0-69) {8]. In order to overload this remova) capacity,
every millilitre of such OctaplasLG® pools would need to con-
tain more than 6900 ID PrP*. Up to 20 ID/mi plasma have
been found in relevant rodent models at the clinical stage of
disease [14]. Thus, in theory one contaminated smglc plas-
maphaeresis unit of 600 ml would cause a maximum PrP%
load of 0-03 ID/ml in the OctaplasLG® pool, i.e. the gel capacny -
exceeds the prion load 2 218 500 times (2 53 log,,). Even
with as many as 10 (1-6%) contaminated plasma units out of
630 plasmaphaeresis bags in an OctaplasLG® batch, the

- affinity lig_and column is able to remove the total theoretical

© 2009 The Amhox(s)

Journal ¢ ilation © 2009 I : th Sod:ty of Blood Tnnsfusion. Var Sanguinis {2009)
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Mouse Fukuoka Hamster-adapted
strain (GSS) scrapie 263 K
~ - + + - - + +

Fig. 4 Binding of PrP derived from various prion diseases. Western blot analysis of PrP binding to PROT gel. Ten millilitres of human teukoreduced red blood
cells in residual plasma were spiked with 19 CBH,, from.a case of variant C0 (vCID), a case of sporadi¢ CJD-(spCID), a brain poot from mice infected with
mouse-adapted Fukuoka strain {GSS) and 0-1% CBH,, pool from hamsters infected with hamster-adapted scrapie 263 K strain, Each sample was applied to
05 mi of resin in duplicate. Fifty microlitres of each resin {with (+) and without (-} PX treatment] were processed as described in Fig. 2. Ten microlitres of the
eluted proteins were foaded on cach lane. The exposure time of the fitm for each sample was adjusted to obtain gquivalent signals intensity.

load of PrP with a safety margin higher than 21 850-fold
(2 43 log;y). It is important to confum the PrP* binding
demonstrated by Western blotting in these studies by animal
infectivity studies. One such bioassay (hamsters) has Just
been completed successfully and the final result (3-0 log,,)
confirmed the biochemical Investigations summarized here
{A. Bailey, personal communication). A second animal study
is currently ongoing.

In theory, excessive amounts of PrP® might be able to
dislodge PrP* that is already bound to the ligand in the gel.
Thus, an experiment was performed to address this particular
issue (data not shown), The normal concentration of Pr€ in
plasma is estimated to be in the order of a few nanogram per
millilitre of plasma [15,16]. The study therefore tested the
ability of either normal Octaplas® or a solution of commer-
cially available recombinant PrP® at 2 ug/ml (i.e. close to
three orders of magnitude higher than the concentration
normally found in plasma) to. remove gel-bound Prp>
from a pre-loaded column. It was concluded from these
experiments that the Pr® concentration expected to be
found in the different OctaplasLG® batches would have no
significant impact on the ability of the column to retain the
gel-bound Prp*,

In conclusion, the performed studies confirm a very
effective PrP* removal effect by the specific affinity ligand
tested. The resin will be used in a chromatography step as a
single-use resin, i.e. no sanitization .and re-use. We have

© 2009 The Author(s} .
Journal ilation © 2009 Inter

demonstrated that the introduction of the specific prion
removal column into the current Octaplas® manufacturing
process is technologically possible and will further improve
the safety margin of this product in terms of prion diseases
such as vCJD, The new generation Octaplas® will be marketed
as OctaplasLG®.
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