10,000 for the prevalence, p. The successive rows show the probability of
infection having come from the implicated plasma products, from any oxe of the
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
ilustrative figures, using assumptions subject to much uncertainty. Nevertheless,
they do suggest that the infection is much more likely to have come from the
plasma products, with the implied risk to the component donors remaining
clearly below 1%.

Table-1: Relative probabilities of potential infection routes (omitting “non
.implicated plasma” products)

Prevalence, p 1in 4,000 1in 18,000
Transmission probability, t1 0.5 1 | 0.5 1
Probability implicated plasma products 98% 97%| . 99% 99%
Probability of each of the 14 component donors <0.3% <03%| - «<0.1%| <0.1%
Probability primary ) <03% <03%| <0.1%| <0.1%]-

Note: these are illustrative calewlations only. All figures are rounded to the nearest %, or (for small
probabilities) indicate an upper bound.

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
—le. those manufactured from plaéma pools not &nown fo have an infected
contributing donor. The problem hete is that because the pool sizes aze so large
(of the order of 20,000 donations each), there is a high probability that many of -
them did, in fact, contain infective donors even if one has not been ideritified.
Crudely, if the prevalence were 1 in 10,000, one would expect each pool to
contain about 2 infected donations.”

26. This argument does not entirely remove the distincton between implicated and
non-implicated pools. Where thete is known to be an infected contributing
donor (and nothing is known about the rest), the other.donors to that pool also
have the same probablhty p of being infected. So with a prevalence of 1 in
10,000 and typical pool sizes of 20,000, one would reasonably expect a “non-
implicated” pool to contain 2 infected donations and an “itoplicated” pool to -
contain 3. Nevertheless, this is not a great differential. The calculation suggests
that unless the prevalence of infection is very low - much lower than considered
here, there i1s only a modest difference in the risks posed by receipt of implicated
and non-implicated plasma. This observation supports the existing policy of
considering recipients of UK-sourced plasma products as g, group, rather than

More strictly, the expected number of infected donations in each pool will be subject to a bmomla]
distribution. However, the distribution is not essential to the argument, especially for patients .
receiving high volumes of product sourced from many different pools, when these statistical
fluctuations will tend to even out. A o
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27.

28.

29.

applying additional measures to those with known exposure to implicated
batches.

This specific haemophilia patient had received such large quantities of Factor
VIII — almost 400,000 units, the majority since 1980)] - that on these calculations,
the cumulative risk from the “non-implicated” batches may well have exceeded
that from the smaller number of “implicated” ones. This can be illustrated by
considering the expected number of 1D received via each route. This is
ilustrated in the second part of Annex A. In summary:

* If the two “implicated” pools contained 3 infected donations, this route
would have exposed the patient to 2 total dose of 0.6 IDj,

® If the other ‘_‘non—imp‘]icated” pools each contained 2 infected donations,
* this route would have exposed the patient to an expected total of 24 1Dy,

Simple application of the linear dose-response model would then suggest that
whereas Factor VIII from the two “implicated” pools would have contained a
dose liable to transmit infection with a probability of 0.3, the large number of
units sourced from “non-implicated” pools would have contained more than
enough infectivity to transmit. Crudely, this suggests that the “non-implicated”
pools represent the more probable source of infection, by 2 factor of just over 3.*

"This last calculation is reflected in Table 2 below, for prevalence scenatios of
both 1 in 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
risk 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.

Table 2: Relatxve probabilities of potential mfecuon routes (mc!udmg “non
implicated plasma® products) :

Prevalence, p  1in4p0D 1 in 10,000
Transmlsswn probab:llty 11 05 - 1 0.5 1].
Prababllliy amphcaled plasma products ' ‘ 38% __38% 24% 24%
F'rababifity of each of the.14 component donors <0.03%] <0.03%| <0.02%! <0.02%
Probability primary - : <0.03%] <0.03%| <0.02%| <0.02%
- Prohability nen-implicated plasma praducts B1 % 61% 76% 76%

Note: these are illustrative calenlations only. Al figures are ramzdea’ 1o the mearyst Y, or (for
smeall pmbabzﬁtze.r) indicate an upper bound.

Note that the differential between infectious doses is much greater, but the practical effect is
limited by infectipn being regarded as certain once the dose reaches 2 IDso. As seen in following
paragraphs the risk differential between routes is therefore more pronounced in ]ower—mfectmty
scenanqs :

, - - .
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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
infecdvity scenario 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 donot. This opens the question of why no
clinical vCJD cases have been seen in the populaton 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 appropuiate 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. Howevet, 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 Zucreases 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 2 factor of

100 (2 logs). Modifying the calculations in paragraph 27, this patxent would then

have received an expected:

*  (.006 IDSG from the two “implicated” pools (representing a transmission risk
0f0.003)°

=. (.24 ID,, from all the other “non- lmphcated” pools (xepresentlng an
infection risk of 0.12).

Albeit with the same caveats s 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 results

for this pattent would change, under this revised infectivity scenaftio.. 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. Gendtype 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.

s
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seen, the previous conclusions still hold, in particular regardmg the small implied
risk 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 -
Transmiséion probability, t1 ' ‘ 0.5 1 05 1
| Probability implicated plasma products 2% 2% 3% 3%
" |Probability of each of the 14 component donors <0.05%| <0.09%) <0.05%| <0.09%
Probability primary : <0.09%] <0.09%| <0.08%| <0.09%
Probability non-implicated plasma products ' 97% 97 % 97 % 96%| -

Note: these are illustrative calenlations only. ANl figures are rozmded to the nearest Yo, or (for small

pmba&z/ztze;) indicate an upper bazmd
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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 VIII is derived from cryoprecipitate, which has an estimated infectivity of 60
IDgs / 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

This implies that (21 .58kg / 70.45kg) of the 60 IDy,s made its way into the FHB4547
batch (18.38 ID,s)

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

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

Key points: FHC4237

There was one implicated (presumed infective) donation in 2 pool of 21,330
donations (pool size again supplied by Professor Frank Hill)

Factor VIII is derived from cryoprecipitate, which has an estimated infectivity of 60
1D, / donation of Whole blood

67.6kg of cryoprec1p1tate was made from the start pool, of Wh.lCh all was used in the
FHCA237 batch

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

5,074 vials each of 250 in were made from the batch, resulting in an esﬁmate of
0.0118 IDy, per vial or 4.73 x 10” ID,, 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 calculauons suggest that index case would have received an estimated 0.21 ~
ID,, from the “implicated” donor. Using 2 linear dose-response model (where 1 10,

.translates into a transmission probability of 0.5 and 2 IDSO or more translates into

transmission probability of 1) this represents a r_ransm.lsslon probability of 0.104 or
10.4%.

o~
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(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 contributions from one or more infected
donors by chance, unless p 1s very small. For implicated pools, these will be in addition to
the “known” implicated donot.

With a prevalence of 1 in 10,000, one might therefore expect the two implicated pools to
contain two furzher 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 1D, yielding a transmission probability of 0.3.

This patient also received approximately 391,000 u 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,,. r

e
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1. INTRODUCTION . TE L

The last revision of the “CHMP position statement on CJD and plasma-derived #nd rine-derived
medicinal products” (EMEA/CHMP/BWP/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 CJD and vCJD epidemiology, human tissue distribution of infectivity/abnormal prion protein and
infectivity in blood. - - . ;

—UEFT T

2. PROBLEM STATEMENT n
The current position statement dates from 2004. Additional information has béen accrued in this field
since 2004 including the finding of four cases of vCJD infection associated with blood transfusion of

non-leucodepleted red blood cells. 12 TSE infectivity has also been detected in urine in some animal’
" models***€in Ihechnlcal phase of the disease.

—

The CHMP opinion and recommendations reflected in the position statement were based on the
knowledge on CJD and vCJID 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. - o~

The current position statement covers plasma-derived medicinal products-and urine-derived medicinal
products. Currently, there is no specific guidance on CJD and vCID and advanced therapy medicinal
products based on human tissues.

3.  DISCUSSION

'The position statement needs to fnclude 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 vCIID 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 vCID 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 uvrine-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
rélevant EMEA guidance published (e.g. the guidance on the Investigation of Manufacturing
Processes for Plasma-Derived Medicinal Products with Regard to vCJD 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 vCID in blood donations).

The vCJID risk of medicinal pfoducts 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/BWR/253246/2009 . ' , . Page 2/3
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‘4.  RECOMMENDATION ' =

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

5. PROPOSED TIMETABLE - .

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

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 ata later stage. A meeting with interested parties may be needed.

7. 1IMPACT ASSESSMENT (ANTICIPATED)

The updated position statement will have an impact on the recommended measures for human plasma-
derived and urme-denved medicinal products.

b

8. INTERESTED PARTIES

Other EMEA Committees and Working Parties (including the. Committee on Advanced Therap:es
{(CAT), the Working Parties on Blood Products (BPWP), Cell-Based Products (CPWP) and on Gene.
Therapy Products (GTWP)) will be involved during the preparafion. There will be liaison with the
European Commission (DG Sanco) and ECDC. Internationally, there will be liaison with the WHO
and with regulatory authorities in other regions. Interested parties with specific interest in this topic
will be consulted, including EHC, EPPIC, IPFA and PPTA.’ : :
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3. Seeger H, Heikenwalder M, Zeller N et al. Coincident scrapie infection and nephritis lead to urinary
pr10n excretion. Science. 2005 Oct 14; 310(5746) 324-6.

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

5. Haley NI, Seehg DM, Zabel MD, et al.._Detectlon of CWD prions in urine and saliva of deer by
{ransgenic 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 scrapie-infected
hamsters comprises low levels of prion infectivity. Neurodegener Dis. 20()_6;3(3):123-8 -

7. UK Health protection Agency website:
hgp fiwarw. hga.m_’g nk/webw/HPAweb&HPAwebStandard/HPAweb C/1 1957338 1868 1‘72:—1225960597236

‘, EHC: European Haemophilia Consortium

EPPIC: Europeén Patients Primary Immunodeficiency Collaboration-
IPFA: International Plasma Fractionation Association

PPTA: Plasma Protein Therapeutics Association
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~ Transmissible Spongiform Encephalopathies Advisory Comimittee
21° Meeting, June 12, 2009

. Holiday Inn
2 Montgomery Village Avenue |
Gaithersburg, MD 20879

Topicl: -

Modified FDA Risk Assessment for Potential Exposure to the Infectious Agent of Variant
Creutzfeldt-Jakob Disease (vCID) in US-licensed PIasma-D erived Factor VII (pdF VIII}

s -

ISSUE

~

Plasma-denvcd Factor VI (pdFVIII) products are used by blood cloiting disorder: patlents
with von Willebrand disease and some patients with hemophiliz A. "Bhe announceément in
February 2009 by health anthorities in the United Kingdom that a ¥CJD infection had been
recognized in a person with hemophilia treated with a UK manufactured “vCID-implicated”
pdFVIII 11 years earlier has prompted FDA to review the potential vCJID 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 continiie to indicate that the estimated
risk of the potential for US-licensed de VIII products fo transmit the agent of vCID, the
human form of “Mad Cow Disease,” is highly uncertain but is most likely to be extremely
small.

FDA seeks the advice of the Committee on whether additional risk reducing measures are
needed (e.g. modifications fo current donor deferral policies) to maintdin the safety of
plasma-derived biologic products and whether FDA should change its communications’
conceming the risks of vCID associated with plasma derivatives.

BACKGROUND:

In February 2009 the Health Protectlon Agency of the United Kingdom (UK) Ieported a
probable case of pre-clinical vatiant Creutzfeldt-Jakob Disease (vCJD) infection in a man over
70 years of age with hemophilia
© (http:/fwww hpa.org ukiwebw/HP Aweb&HP AwebStandard/HP Aweb_C/1 19573381868 1).
Post-mortem examination of the brain found no neuropathologmal changes suggestive of
vCID, however, examination of the spleen revealed abnormal accumulations of prion protein
(P+P) 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 VIL-(pdF VL) from

a “vCID-implicated” lot, i.e., a lot of pdFVIII manufactured from pooled plasma containing at
least one donation fiom apersoﬁ who later died of confirmed or probable vCID.
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Variant CJ D is a fatal human neurodegenerative disease acquired through mfectlon with the
agent that causes bovine spong1form 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 pro‘oable
 clinical cases of vCID have been reported worldwide, 168 of them in the UK.
(http://www.cjd.ed.ac.uk/). In addition-to food-bome cases, four presumptive “secondary”
transfusion-transmitted infections with the vCJID agent have also been repmtcd in the UK
since 2003 (Llewelyn 2004, Peden 2005, Hewitt 2006,
hitp://www.hpa.org.uk/webw/HP Aweb&HP AwebStandard/HP Aweb | C/ 1 19573371 14577p=
1171991026241). Three of the transfusion recipients died of vCJD, while one had vCID
infection detected after death from an 1mrelated cause. Each person with a secondary vCIJD
infection had been transfused with red blood cells from donors who were asymptomatic at
the time of denation but who later died from vCID. The probable transmission of vCID via
transfusion of red blood cells in the UK increased the concern that products manufactured
from the plasma component of human blood might also pos&™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 mfectmus-agenﬁpresent in blood
[Gregori 20 04]) -

~ After the ﬁrst descriptions of vCID, UK authorities, recognizing a p0851ble 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 vejd_2008-09.pdf). After the first
reports of transfusioh-transmitted vCID, UK authorities took the additional step of notifying
_ recipients of a number of plasma derivatives, such as coagulation factors VIII, IX, and XT, as
well as antithrombin and intravenous immune globulins, that they might be at increased risk
of vCJD and reminded surgeons and dentists to take reasonable precautions to prevent
iatrogenic transmission of vCJD
(http://www.advisorybodies.doh.gov.uk/acdp/tseghidance/tseguidance. annexj.pdf
http://wrarw.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuida
nce/DH 08 11707IdcService=GET_F ILE&CUD 155914&Rendition=Web). '

In 1999, prior to the identification of tra.nsfusmn—transmltted vCID, FDA recognized a
‘potential though unknows risk of transmitting vCID by contammated blood products.
Therefore, consistent with advice from TSEAC, FDA recommended precautionary déeferrals
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 vCID 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 Buropean 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 defernng any donor with a history of blood transfusion in the UK after 1979 .
(http:/fwww.fda. gov/BlologlcsBIoodVaccmes/SafetyAvaﬂablhtnyloodSafety/ucm095 138.ht
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hitp:/fwww.{da.gov/BiologicsBlood Vaccines/Safety A vailability/BloodSafety/ucm095143 ht
m). Taken together, these steps were estimated to have excluded donors representing slightly
more than 90% of the potentjal 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 guidance contammg snch
recommendations (FDA 2006)

Because BSE has been dete.c,ted in so few US caitle (only three reported cases: two in US-

;. bom catfle and one in a éow imported from Canada
[http://www.ars.usda.gov/research/publications/publications. htm?SEQ _NO_115=197033]),
and becaus§ngnc of the three cases of vCJD recognized in the US appears likely to have

‘resulted from exposure here (two cases in long-time UK residents and a third in a 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 likelthood of exposure
of US donors to the BSE agent in US beef products was judged to besso much lower than
likelihood of exposure in UK, its estimated conitribution to overall- risk 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 Burope; 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
pdFVIIL 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

fromn 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.

FDA Risk Asgessment for vCJD and pdFVIII

The recent report from the UK attributing vCID infection in a person with hemophilia to
treatment 11 years earlier with pdFVIII from an implicated batch prompted FDA to re-

" examine the potentlal 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
States (US) License From Plasma Collected in the US *” at the December 15, 2006 meeting of
the TSEAC. :

~ Since 2006, 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 deterniining 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 poss1ble risk of vCID
infection ini several types of patients with severe hemophilia A (HA) or with a severe formof
von Willebrand disease (type-3 vWD) who have used pdFVII product manufactured in US-
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hcenscd facilities. The following overview briefly describes key elements of the F DA risk
assessment for vCJD and pdFVIII as first presented and posted online in 2006 (FDA, 2006).

I. Overview of FDA 2006 Risk Assessment Model for vCID and pdFVIII

Module 1. Estimates of vCJD Prevalence in UK

- -

In our 2006 model, we used the possible UK prevalence of vCID to est1matc the possible
prevalence in US plasma donors. The model assumed that the major sdurce.of v€ID
infection in the US would probably be from plasma donors who traveled or lived in the UK,
France or elsewhere in Europe 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 epldelmologlcal modeling predictions of the number of
vCID cases diagnosed in the UK and'a number of assuriptiods (e.g., mcubatmn
‘period, time of infection, effectiveness of feed ban). The.zodel 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 asymptotnatic incubation periods or never become
symptomatic (Clarke and Ghani 2003). The model relied on reports of overt clinical
_ cases of vCYD—all of which, at the time of our FDA 2006 risk assessment, had
been in persons homozygous for methionine at codon 129 of the PRNP gene. ‘The
.number of expected cases was therefore restricted to the approximately 40% of the
UK:population having that genotype; no predlctlon was offered for the rest of the
population

e . A second estimate for UK vCID infection prevalence was generated using data

" from a survey of abnormal TSE-associated PrP (recently designated as PrP TEpy a
WHO Consultation _
(http:/fwww.who. mt/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 disfributions of patients whose tissues were surveyed and of blood
donors.

Module 2. Estunates of vCJD Prevalence m US Douors and US Plasma Pools

Thls module estlmated the mumber of US plasma donors potentially infected with the agent
that is responsible for vCID and, from that, the number and percentage of plasma pools
‘potentially including donations containing the vCID 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: -
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¢ Dietary exposure to BSE-contaminated beef during long-term travél or resxdence n
UK, France and other European countries (since 1980);

» US 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

s Transfusion with blood collected in Europe (“EuroB load™).

US plasma donors potentially at increased risk for vCJD were furthc_ __h é: tenzed by their:

Counfry of fravel or residence, _
Specific duration of travel or residence,
Years of travel or residence;,

Age of donor,

- Rate-and frequency of plasma donation,
Number of donations per pool and type of plasma pool (Source Plasma or reCOVf:red
- plasma), and

» Effectiveness of donor deferral policies.

l.. e & 8 »

- e,

Module 3. pdFVII Manufacturing and Processmg

This part of the model caleulated the likelihood and number of plasma pools potentially
contammg vCID agent and the quantity of agent per plasma pool and FV]II vial based on:

» Probability of and prechcted quanhhes of vCID infectivity (as a:mmai intravenous
50%-infecting doses [i.v. IDso]) per donation and perpool,

s Reduction in quantity of v€JID agent during manufacture, and

» Total yield or quantity of pdFVIII produced from the plasma pool

Module 4 Utilization of deVHI by Hemophlha A Panents

. The potential exposure of an individual w1th hemophﬂla Ato vC.TD agent in deVIII was
estimated in the model based on;

* Total quannty of deVIII used per year, and
e ‘Estimated potential quantity of vCID agcnt predlcted to be present in the pdFVHI
product

The quantity of deVIII utilized by an individual patient depends on the severity of .
hemophilia and the treatment regimen employed. Those were estimated using data from a
study sponsored by the US Centers for Disease Control (CDO) mvolvmg patients with
hemophilia A in six states from 1993 through 1998. The FDA: 2006 Risk Assessment
provided outputs that estimated the annua] exposures for several subpopulations of pahents
with severe hemophilia A in the followirig five clinical treatment groups: :
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» Patients requiring FVIII prophylaxis but having no FVIII inhibitor and no immune-
tolerance treatment;

» Patients requiring FVIII prophylaxis but having FVHI inhibitor (1 e., needing more
FVIII to maintain desired coagulation status);

* Patients requiring proPhylaxm and havmg both mh1b1tor and unmune—tolm ance

. treatment; ,
» Patients requiring only episodic treatments and having no inhibiter; #d "
» Patients requiring only episodic treatments but having FVII inhibitoi; '

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

We estimated r1-sk for adult and juvenile patients with vWD in two clinical treatment groups
those requiring’: -

- Ewe,
- -

 Prophylaxis or
¢ Episodic treatments only

-

II. ¥FDA Modified Risk Assessment Model for VCJD and deVIII Updates and
Changes in Model Inputs of J une 2009

Recently, new smentxﬁ&mformatmn has eme;‘ged concerning susceptibility to infection with -
the vCJID agent. To date, only persons homozygous for methionine at codon 129 of the
PRNP-gene have developed symptomatic vCJID 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 kriown, although no definite or
probable cases of vCID in persons with that genotype have been reported. One.of the four
transfusion-transmitted vCJD 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/healthnewsBS 153 84/Hundreds—could-d13 as-scientists-
1dent1fy -first-case-of-second-wave-vCID.html). - :

Taken together, these recent findings suggest that if is now more reasonable to assume that
the entire.general UK population is at risk for vCID infection, and this assumption has been
. incorporated throughout the FDA 2009 updated Risk Assessment. Unforturiately, 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 assumpuons for susceptibility of rempxents to
vCID infection.
Updated Inputs: ' o
1. Prevalence estimation of UK. vCJID infection
2. Prevalénce of UK vCID infection: Age of susceptible p0pulatlon
3. Time during incubation period when infectivity is present in blood

¢ !h

New Inputs:
4. PRNP-129 genotype susceptibility and genotype proportions in US population
5. Dlstubutlons of vCID incubation periods for persons of different PRNP-129
genotypes
6. Age distribution of persons with asymptomatic vCJD infections -

- e -

w.

1. Prevalence Estimation of UK vCJD Iiifection (updated input)

Akey assumption of the FDA vCID Risk Assessment Model is that most mfeeted donois in
the US would probably have become infected through exposure o the BSE-agent from
consumpnon of BSE-eontaminated beef products during travel to the UK, France and other
countries in Burope 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
vCJID 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 eshmatmg possible UK prevalence of vCJD infection: a
high estimate based on a lymphmd tissue survey (infection prevalence) and a lower vCID
case prevalence estimate based on régistered 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 vCJD agent in their blood at the time of donation. We modified the
lower vCID prevalence estimate (Clarke-Ghani case-based estimate) for this 2009 update of
the FDA Risk Assessment to assume that the entire populatidn.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 eplderrnologmal
. modeling of actual reported cases to estimate probable furture clinical vCID cases in the UK. -
(Clarke and Ghani 2005). This estimate of approximately 1.8 vCID 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 fo 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, lengfh of vCID 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 vCID infection 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 vCJID infection prevalence-was estimated from testing results of a relatively small
survey of tonsil and appendix tissue samples saved from UK patients; thessamples were
examined by immunohistochemistry, seeking accumulations of abnormal Pr¥ . (Such
accumulations of abnormal PrP™>F were previously found at autopsies 6f patients who died
with vCID and in tissue fortuitously saved from surgery during the Jast two years of
incubation period [Hilton 2002]). This approach yielded an unadjusted estimate of 1 vCID-
infected person in 4,225 (237 infections per million [Hilton 2004]) that was then adjusted for
patient age “and the distribution of reported age-specific vCID rates. A limitation to this
study, contributing to uncertainty 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 caunot be ruled out, and specificity and p031twe~%ed1ctwe values
cannot be evaluated. It also remains unknown whether the finding of PfP"°" in lymphoid
tissues by immunohistochemistry, assuming reliability of the methed:for identifying sub-
clinical orpre-clinical vCJD infections, accurately predicts the presence of vCID agent in
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
donois who later became ill w1th typlcal vCJD (ThlS limitation also apphes to the lower
' prevalence estimate.)

After accountm g for the age distribution, incubation period, country, year and duration of'
travel, we used both prevalence estimates to pred1ct 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 .vCJD infection prevalence estimates between the FDA December 2006
Risk Assessment Modél and the FDA. Juné 2009 updated Madel is provided in Table 1
below. The lower vCJD 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 nulhon) _

Table 1: Changes in UK vCJD infection prevalence estimates between the FDA
December 2006 Risk Assessment Model and FDA June 2009 Updated Model

230



Input Parameter FDA Model EDA Updated Model

Name and December 2006 June 2009
Description :

1) LOWER vCJD Case Prevalence 1) LOWER vCJD Case ¢ Prevalence
estimate: Predictive modeling estimaie; Predictive modelin g estimates;
estimates; implies initial prevalence implies initial prevalence
~1.8 per million* ~4.5 per million*

*Pstimate based on Clarke and Ghani | *Estimate based Clarke and Ghani (2005} ,

R _ (2005), assumed only persons assumes persons of all 3 PRNP
UK vCJD Prevalence | -homozygous for methionine (MM) at genotypes to be equally susceptible to
Estimates - ‘ codon. 129 of PRNP gene would vCID infection and that some might
- : - progress to develop clinically overt " “progress to develop clinically avert
vCID vCID .
= =

2) HIGHER yCJD Infection Prevalence 2) HIGHEP:VCJ D Infection Prevalence

cstlmate startmg prevalence based estlmate starting prevalence based on
ont PrP™® immunohistochemical PrP™E immunohistochernical
surveillance study of tonsils and surveiilance study of tonsils and
appendices of ~ 1 in 4,225° appendices of - 1 in 4.2258%
#Bstiinate based on Hilton et al (2004); Estimate based on Hilton et al (2004);

assumed persons of all three PRAP- assumed persons of all three PRNP-123

“ 129 genotypes (i.e, entire general . genotypes (i.€,, entiré general
" population)to be susceptﬂ:[e to vCID population) to be susceptible to vCID
mfectlcm infection

2 Prevalence of UK vCJ]) Infection: Age of Susceptlble Populatlon (updated mput)

In the UK, VC.TD 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 oceur 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 Modél 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:/fwww.fda. gov/ohrms/dockets/ac/OG/bneﬁngJ2006-427lb1 index.him) by subtractmg
the median incubation period, which 7§ assumed to have a median duration of approximately
12 years (90% CI= 5-35). The resulting mathematical function effectively shifts the age
distribution curve at the tifne of clinical onset left by approxmately 12 years to produce a
new distribution that represents the population of persons who are at risk or susceptible to.
vCID mfecnon (see Figure 1 below). This overaﬂ younger populauon (a median of
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approximately 12 years younger) probably provides a better representatlon of thé age
distribution of the UK. population most susceptible to vCID infection.

12 years
—

_.'; =

P

020 /S N/ -
' ' Susceptibility curve is equal to the clinical
cases curve shifted 12 years earlier.

Proportion

000 =

' 3o-a4y '7 55-59y - so 84y

Clmlcal Cases

————— Suscept:blilty All 3 genotypes

Figure 1. UK vCJD Prevalence: Age of susceptible population. Age of the susceptible’
population was derived using the distribution for age of persons at the time of clinical onset
. of vCJD in observed cases (H11to11 2004) and subtracting the median incubation period of
approximately 12 years _

3. Time During Incubatmn Period when vCJD Infecuvxty Present 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 last half of the incubation period. This
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 Model now-
assumes that infectious vCID agent is most likely to be present in blood longer——dunng the
last 75% of the incubation penod (minimum=50%, maximum=90%). This assumption was
updated to reflect results from recent findings from studies in animal models which suggest
that TSE agents might appear in b}ood during the first third of the mcubatlon period (Brown

2007)

4. PRNP-129 Genotype Susceptibility and Genotype Proportions in US Pbpulatioil
" (new input)

10
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The FDA December 2006 Risk Assessment Model assumed that the genetu: background of
individuals in the population is ong factor likely to be associated with susceptibility to vCID
infection. At that time, all known cases of overt vCID (symptomatic individuals who met the
WHO ¢ase 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) (Ironside 2006) among the
three samples of appendix containing accumulations of BrP ™" reported by Hilton (Hilton
2004). (The third P PTSE-posmve appendix tissue could not be genotyped,) However, because
clinical vCID 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-loWwer vCID Case Prevalence estimate, the model assumed 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 repyesent appro}umatel.y
40% of the total donor population in the UK. Persons with PRNP-329-non-MM genotypes.
were not included in the calculation of the LOWER vCID 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—gepresenting 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
vCJID Case Prevalénce esfimate and the HIGHER vCJD 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
develop overt vCID, and our updated 2009 model assumes for the LOWER vCJID 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% and 10% of tha total donor populahon
respectively, in both the UK and US. :

5. Distributions of vCJD Incubatlon Periods for Persons ‘of Different PRNP-129
Genotypes (mew 111put) :

‘The FDA December 2006 Risk Assessment Model assumed a.vCID median mcubatmn '
period of 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 periods 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% CI = 5-35) for
persons with the PRNP- 129-MM genotype. -

Additional reports of PRNP-129-non-MM genotype individuals with immuno-histochemical
evidence of vCJID infection detected post-mortem have been published in the literature
{(Peden 2004, Tronside 2006). Although no-case reports of definite or probable vCID in such
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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 estimation of incubation periods
for people with PRNP-129-non-MM genotypes remains complicated and more uncertain than
for persons with the PRNP-129-MM genotype. Given this considerable uncertainty, we made
simplifying assumptions to establish a distribution for the incubation-periods of vCID-
infected people with the PRNP-129-non-MM genotype. Our updated modelassimes the
distributions for the incubationperiods for vCID inféction to be the same forpersons with
PRNP-129-MV and -VV genotypes with a median of 32 2 years (90%CI;25-55 years) and to
be normally distributed. The high value of 55 years (95% percentﬂe) was estimated based on
* the maximum incubation peried for kura (Collinge 2006).

6. Age dlsﬁ?ibutmn of persons with asymptomahc infection (new input)

The Décember 2006 FDA Risk Assessment Model assumed that the age distribution for = -

persons with asymptomatic vCJD infections was the same as the distribution of ages of onset

. of clinical cases. The updated FDA June 2009 Risk: Assessment ModelZalculates an “Age
Distribution of Incubation Periods™ (period of asyniptomaﬁc infections) by combining the
“UK vCID Prevalence: Age of susceptible population” (input#2, described a'oove) and

- “Distribution of incubation periods™ (input #5 descnbed above). o

‘Model Uncertainty .

The ranges of uncertainty and variability in the input parameters of the risk assessment are
great, resulting in very laxge uncertainty in the ouiputs that estimate potential risk.
Uncertainty can result from lack of information or limited information, while variability i$
_ usually the inherent difference observed for a particular input parameter. Because scientific

data regarding the level of exposure to the vCID agent and the likelihood of certain human
health outcomes, such as infection and illness, are lacking, estimates for the risk of infection
generated in the assessment may not be accuraté. For those reasons, it is not poss1ble to
-provide an actual estimate of the vCJD risk to individual patients potentially exposed to the
vCJD 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 pdFVIIL, because it is passible -
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 vCID risk. We will also seek advme on steps that
" might help to estimate risks better and i IIDPI’OVB risk reduction.
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