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. most probably via dietary exposure to bovine spongiform encephalopathy (BSE) contaminated beef
(Knight 2004). The leading theory is that the transmissible infectious agent is a prion, or
proteinaceous infectious agent, that is an altered but pathogemc form of the PrP protein that is
normally present in cells. The altered PrP, herem referred to as PrP™F, consistent with terminology
recommended by the World Health Organization, is hlghly stable and rcs:stant to degradation by high
heat and cliemical treatments commonly used to denature infectious agents in the manufacture of
plasma derivatives. The incubation period for TSEs is long. The mean incubation period of BSE in
cattle is approximately 4.5 years. In humins, vCID acquired through dietary exposure is thought to
incubate approximately 10 ~12 yéars or longer, and individuals become symptomatic only in the last
féw'months of the disease, making early detection very difficult. Confirmation of vCJD requires
postmortem exarnination of brain tissue to confirm diagnosis, but-prion proteln has been detected in
tonsil and appendix tissue of asyrnptomat:c individuals as lonig as two years prior to the onset of
symptoms. There are currently no validated tests available to detect the disease in its early stages of
infection or to detect the presence of TSE agents in blood.

Transmission of TSEs through ':r‘an'sru‘sion ofmo'od products in animal models

Transmission of different TSE agents through the transfusion of blood or blood products has been _
. demonstrated in animal models on multlple occasions. At least four studies reported transmission via
" blood transfusion in the same animal spccles sheep experimentally infected with BSE (Houston et af
' 2000), sheep natura]ly infected with scrapie (Hunter er al 2002), hamsters with ‘scrapie (Rohwer
2004), and mice with a human TSE (Brown ef al 1999). '

Brown, Rohwer, Taylor (Taylor et al 2000) and others have attempted to estimate the amounts of
intracerebral (i.c.) infectivity present in blood, which generally fell between 2 and 20 i.c. IDsp/ml. A
" recent study of scrapie-infected hamsters concluded that approximately 58% of the infectivity present

in whole blood was associated with plasma (Gregori ef al 2004). The model uses this more
conservative estimate in the pubhshed literature and assumes that 58% of infectivity is associated
with plasma.

Transfusion transmission of vCJD in the United Kingdom

In December 2003 the UK. government announced that vCJD had likely been transmitted to a 69

year-old patient via blood transfusion. The patient had received non-leukoreduced red blood cells in

1996 from a donor whe died thre¢ years Tater of vCID. This first report was followed by-the
anmiouncement in July 2004 of another probable case of transfusion-transmitted vCID. The patient

died of @ ruptured gortic aneurysm without clinical evidence-of v€ID; but postmortem testing——————
detected PrP™" in spleen tissue and cervical lymph node, In'February 2006 a third case of probable
transfision transmitted vCID was reported in the UK in a 31 year-old male; the patient had received a
transfusion eight years earlier from a donor who died of vCID 20 months after donation. None of

the donors were known to have had vCJD at the time of donation.

- It is possible that dietary exposuré may have been responsible for some or all of the thrée cases that
were reported after red blood cell transfusions; however, the probabilities for occurrence of either a
single, or, particularly, two or three such events are small. As Llewelyn ef al (2004) pointed out in
their publication discussing the first presumed transfusion-transmitted case “the age of the patient
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was well beyond that of most vCJD cases, and the chance of observing a-case of vCJD in a recipient
in the absente of transfusmn ’transrmtted mfeet;en is about 1 m 15 000 to 1 in 30, 000 ” The

cohort of transfusion re01p1ents--1n an age’ gmup underrepresented among vCID cases-—both
acquired 1nfect10n ﬁ'om food is remote

The presumptlve transmlss:on of vCID v1a red bIood cell transfusmn in the UK ralses the possibility
that plasma derivatives. may pose arisk. The UK. authonues have notified physwlans in the UK. and
their patients who received plasma ¢ denvatlves made from p]asma from UK donors about the potential -
for risk of vCJD.from these products These p]asma derlvatwe products included coagulation factors,
as well as antithrombin 111, and intravenous immune globuhns The derivatives of concem were
manufactured from plasma of UK donors between 1980 and late in 1999, when--consistent witha
decision announced in 1998—UK manufacturers stOpped using UK p]asma The last expiry date for
any of the UK products was in 2001. To date, no cases of vCJD have been reported in any recipients7™

" of plasma derivatives, either in the UK, where the risk is considered greatest, or elsewhere, including (
in patients who have received human plasma-derived coagulation products from implicated lots (e.g.,
lots manufactured from a paol containing plasma from a donor subsequently diagnosed with VCID)
made in the UK.

. The vCJD risk for travelers with hlstory of extended travel or residence in the UK, France, and
othier countries in Europe and reduction of risk vna donor deferral .

Public health control measures, such as gurveillance,.culling .of sick animals, or banning specified risk
materials, and others have been instituted relatively recently in many European countries, particularly
in those with indigenous-cases of confirmed BSE, in order fo prevent potentially BSE-infected tissues
from entering the human food supply. Since 1996, the UK has instituted some of the most strihgent of .
these control measures; including a-program that excludes all animals >30 months of age and

- prevents high risk tissue from slaughtered animals from entering the human food and animal feed
supplies. In June 2000, the European Union Commission on Food Safety and Animal Welfare
strengthened the European Union's BSE control measures by requiring all member states to remove /™
specified risk materials from animal feed and human food chains; as of October 1, 2000 such bans (,
had already been instituted in most member states.

Travelers to and residents of the U'K, France and other countnes in Europe during the penod of BSE
pandemic concern are possibly at increased risk of vCID. However, the risk can not be determined
precisely-dueto factors -such-as'the-great-uncertainty : about incubatjon period of the disease, the
sensitivities of each country's surveillance for BSE and VCJD the. compllance with and effectiveness
of public health measures instituted in each.country to prevent BSE contamination of human food,

and the cattle products from one country that are dis_mb_uted and consumed eIsewhere .

In the UK, the current risk of acquiring vCID from eating beef and beef products appears to be
extremely small, perhaps about 1 case per 10 billion servings.(CDC, 2005)..In the other.countries of
the world, this current risk, if it exists at all, would not likely be any higher than that in the UK if
BSE-related. The implementation of animal and pubhc health control measures has caused the

_ prevalence of BSE to decline. The US blood donor deferral criteria currently in effect focus on the
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time (cumulatively 3 months or more) that a person lived in the UK from 1980 ﬂarough 1996,

whereas for the rest of Europe the criteria focus on the time (cumulatively 5 years or morc) that a
person lived in these countries from 1980 through the present. This deferral policy is expected to
reduce the risk of vCID transmission via blood and plasma donations from potential infected donors.

| Two cases of vCJD in US residents with hisiory of residence in the UK

In 2002, the first case of vCID was reported in the United States in a 22-year-old woman living in
Florida, She is believed to have become infected with vCID during her residence in the UK. The
pat1ent was born in Great Britain in 1979 and mnmgrated to the United States in 1992. In early
Novembeér 2001, the patlent was evaluated for depression and memory loss. In late Ianuary 2002, the
patient was transported fo the United Kingdom where her condition worsened. The diagnosis of vCID
was confirmed by western blot and immunohistochemical analysis. The patient died in June 2004,
approximately 32 months after illness onset (Belay et al 2005).

A second case of vCJD was diagnosed by the UK National Creutzfeldt- Jakob Disease Surveillance
Unit in November 2005 in a 30-year old man who resided in Texas dunng the penod 2001-2005
(CDC 2006). The onset of symptoms occurred in early 2005 wh11e the man was in Texas. He
refurned to the UK arid died of the disease in early 2006. A postmortemn exammatlon confirmed the

d1ag11051s of vCID.

Surveﬂlance studles to detect CJD and vCJID in patlents with hemophilia

Studles in the Umted States

Because of the large number of blood products used, persons with hemophlha might be expected to be at
nsk of developing transfusmn-related vCID.or classical Creutzfeldt-Jakob disease (CID). However, a
study conducted by the US-Centers for Disease Contro} (CDC) (Evatt et al 1998) examined the braing of

.24 decedents w1th a history of bleeding disorders and dementia and found n¢ evidence of CJD in any of

the cases,

Another study conducted by the CDC and the Hem0ph111a Treatment Center identified no cases of
clinical diagnosis of CJD among over 12,000 HA patients who have been assessed since 1996. (Bvatt et
al 1998)

.Studles in the Umted ngdom

braans of 33 hemophlha patlents who were treated with coagulant factor concentrates spanning the yeats
from 1962 — 1995 and observed no evidence of vCID. S

In summary, the expenmental and epidemiological evidence mdlcates the risk of blood transmission

~of vCID is no longer theoretical but a real | possibility. To date, there is no evidence suggesting that

either human CJD or vCID have been transmitted by use of plasma derivative products. However,
transmission of vCID via red blood cell tranfusions has hkely occurred (Llewelyn et al 2004).
Because the vCJD agent may be associated with plasma, it is plausible that plasma derivatives
polentially pose a risk of transmitting the disease.
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TII. HAZARD CHARACTERIZATION

The hazard characterization component (also known as dose- -response) relates the information in the
exposure assessment, which determines the dose, to the adverse consequence(s) such as infection,
illness, etc., at the individual, subpopulatlon or population level. Determining dose-response
relatxonshlps can be difficult to accomplish because data are limited, especially exposure and
outcome data for humans. Other factors such as characteristics of the hazard (e.g. strain, chemical
make—up, etc.), route of introduction, genetics of exposed individuals, influence the dose-response
.relanonshlp but are often difficult to characterize. Ofien in lieu of human data, animal data are used
and appropnately extrapolated as best as is possible to estimate the dose-response relatlonshlp for
humans.

Another challenge is estimating the probability of infection when the exposure to TSEs is small <=,
and/or ocours repeatedly over a period of time. It is unknown whether for TSE diseases there is a
mlmmal amount of the. agent (presumably the prion protein PrPTSE) or threshold that is needed to

. 1mt1ate mfectlon in an mdmdual This phenomenon is seen with many other pathogens such as

© viruses or bactena, for whlch mfeenon requires exposure 1o at Ieast one, and often more, units of the

" infectious agent. Furthermore, it is not known whether the effects of small ‘multiple exposures over a
period of time are cumulative and may result in the possibility of infection and disease equivalent to a
single, larger exposure (e.g., via intracerebral injection in laboratory animals). Some risk
assessments have made assumptions concerning the exposure and dose for TSE agent that leads to
infection, For instance; the Det Norske Veritas (Feb 2003) blood products risk assessment assumes
that exposure to infectivity, quantified in IDso units, is cumulative over the period of one year. Based
on advice from the TSEAC (2005), and consistent with suggestive data from studies of TSE agents in
animal models (Diringer et al 1998, Jacquemot, e al 2005), FDA also assumes that exposure to vCID

- IDsp is cumulative over a one year period.” The IDsp is the common mettic used to quantify the

infectivity of TSEs. One IDsp is definéd as the amount of mfectmus matéria] or tissue that is
necessary to initiate infection in 50% of the treated population. The route of exposiire to TSE
infectious material influences the efficiency of transmission of the disease. Based on advice provided -
to FDA by the TSEAC (October 31, 2005) the model assumes that transmission via the intravenous
(i.v.) route is between 1 and 10 times less efﬁcxent than the transrmssmn v1a the mtracramal (c) L _
route. : :

In estimating the dose-response relationship for TSEs one could use a strict interpretation of the IDsg
and assume a linear relationship between exposure and infection. In the pdFVIII model FDA
assumed there was a linear relationship between the exposre'dose of vCID D agent and | the tie probability
ofinfection—The IDsy relationship used in the ‘model ' was based b infectious TOE units estimated
“from rodent model studies (Brown 1998, 1999; Rowher 2004). We further assumed there was no'
threshold or minimum dose necessary to initiate inféction, that is, exposure to-even low quantities of
vCID agent has a probability of initiating infection in an individual, albeit the probability of infection
would likely be low at low levels of exposure: The model further assumes that in such a case
exposure to 1 IDso would suggest a 50% probab111ty of infection, exposure ‘to 0.1 Isg would suggest
a 5% probability of infection, and so on. However, given the' lack of information and high degree of
uncertamty on the dose-response relationship ‘becauise of the limited data’ available for TSE agents it
is plausible that low leve] exposures, even on a chronic basis, may not attain a threshold or minimum
quantity of agent necessary-to initiate infection in humans. Again, FDA makes a conservative
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assumption that low-level exposure(s) over the period of one year to any quantity of vCID agent
could potentlally lead to infection and that there is not a minimum dose necessary to 1mt1ate infection.

There are conmderable uncertamtles in detenmmng the correct form for the vCID- human dose-
response model. - For instance, the nature of the dose-response line, its slope, or whether it is more
accurately described using a dose-response curve is uncertain because animal data are so limited and
human data are.not available. The FDA risk assessment estimates the potentlal individual risk of
infection and assumes that a linear interpretation of the rodent model accurately reflects the
pathology and progression of vCJD infection and disease in humans, but it may not. Furthermore,
exposure to the vCJD agent may not necessanly lead to infection, and vCID infection may not
necessarily produce symptomatic vCID disease or illness in an individual or populatlon

IV. EXPOSURE ASSESSMENT

Exposure assessment evaluates the routes of exposure to a hazard, the probability that exposure
occurs and the amount (dose) of a hazardous agent to which a person or population may be exposed.
This exposure assessment specifically addresses the probablhty of exposure and, if present, the
quantity of vCJD agent that may potentially be present in plasma-derived FVIII products
manufactured in the United States. The administration of 'pdFVIII and, thus, the route of exposure, is
intravenous.

Plasma pools consisting of 6,000 or more donations collected from US plasma donors are used as the
starting material from which a number of plasma-derived products are purified, including pdEFVIII,
which is addressed in this assessment. Because of the relatively large number of donations per
plasma pool, there is a small probability that even in the United States some of the pools may contain
a“donation from a donor who may unknowingly be infected with vCID, but who does not meet
criteria for donor deferral, or who mieets those criteria but fails to be deferred due to the limitations of
the screening process.

Overview of Model for pdFVIII

Module 1 — Estimation of the prevalence of vCJD in the UK. Variant CID prevalence in the UK
was uséd in our model as the basis for estimating vCID prevalence in US plasma donors, The model
assumes that the major source of potential vCID in the US would likely be associated with plasma
donors with a history of travel and residency in the UK, France or other countries in Europe since

1980-and-may-have-had-dietary-exposure-to-the- BSE-agent-during-their-stay:
Two different data sources were used to estimate UK vCJD prevalence
s An epidemiological modeling-based approach éstitnates'a UK vCID case prevalence
of approximately ~1.8 cases per million population (Clarke and Ghani 2005).
e A tissue surveillance-based estimate for UK vCID infection prevalence was generated
using data from Hilton &f al (2004) and yielded a mean estimate of 1 case per 4,225 -
but was further adjusted to account for age of patients surveyed. -
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Module 2 -vCJD Prevalence in US Plasma Donors and Pools. This module estimates the number of
US plasma donors that may potentially be infected with vCID and the percentage/number of pools
containing donations with vCJD agent. This module uses survey data to determme US plasma donors
potentially at risk for vCJID, including those with a lnstory of: N
's  Dietary exposure to BSE-contaminated beef dunng long term iravel or residence in the
UK (1980-1596), France and other countries in Europe (since 1980),
« Military service - posted on or resuimg near military facilities in Europe; and
.« 'Transfusion with-blood collected in Europe or Euroblood.
US plasma donors potentially at risk for vCID were further characterized by
s Country of travel or residence, '

» Specific duration of travel or residence, year of travel or residence,

+ Age of donor, rate and frequency of plasma donation, ' i
* Number of donations per pool, and type of plasma pool (source or recovered), and :-'(_ ﬂ_"
* “Effectiveness of donor deferral policies.

Module 3 - pdFVIII Manufacturing and Processmg Th1s portion of the model calculated the
likelihood and number of plasma pools potentially contalmng vCiD agent and the quantity of agent per
plasma pool and pdFVIII vial based on:
» The probability of and predicted quantity of infectivity (i.v. IDsg) prcsent per
donation and pool
¢ Reduction in thé quantity of potential vCID agent during manufacture, and
« Total yield or quantity of pdFVIII produced from the plasma pool.

Module 4 - Utilization of pdFVIII by Hemophilia A patients. The potential exposure of an
individual HA patient to'the vCJD agent through use of pdFVIII was estimated in the model based on:
' o the fotal quantity of pdFVIII used per year, and :
» ' the estimated potential quantity of vCJID agent predicted in the pdFVIII product:

The quantity of deVIII utilized by an md1v1dua1 patient is dependent on the severity of the disease ;™
and the treatmént regimen and was estimated using data from a Centers for Disease Control (CDC) (
sponsored study by 6 states by HA patients from 1993-1998
This risk assessmént provides outputs that estimate annual exposure for several patient
subpopulauons with
Severe HA disease for persons m the followmg chmcal ueatment groups:

U Prophylax:s — —

* Prophylaxis plus inhibitor _

e Prophylaxis plus i mhlbltor and immune tolerance : -

» Episodic

* Episodic plus inhibitor
vWD for adult ( (>15 yrs of age) and young (<15 yrs of age) persons, 1ncIud1ng those in either
clinical treatment group: Prophylaxis or Episodic.
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» Age distribution of reported
vCJD cases . .

¢ Tissue surveillance-based
vCID prevalence {most tissue
samples were from UK 20-29
yr-old group)

¢ * Epidemiological modeling-
based vCID prevalence

- ¢ Travel history of US plasma
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OUTPUT

» Prevalence of vCID ~ -
infected individual
{including
asymptomatic) among
UK age groups

. * Percentage of plasma
pools containing vCJD
agent,

* Number of infected
donations in a vCJID
plasma pool

* Initial quantitv of vCID

+ Percentage FVII vials
containing vCJD agent

»  Quantity vCJD agent in
contaminated FVIII

»__Annual.exposure.to

‘& Severity of disease
s Treatment regimen
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e FVIII IU per dosage

Utilization of
FVIII
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IV. A. Estimation of vCJD Preva,leﬁée in the Uniied 'Kingdom (Module 1)

The potential prevalence of vCJID in the UK was and continues to be dynamic and changes throughout
time as people are exposed to the BSE agent, infected with vCID, develop the disease and eventually
die, Varjant CJD exposure and infections in the UK. population likely occurred in proportion to the UK
BSE epidemjc which peaked in 1992. The first human vCJID cases were referred to UK public health
autherities in 1994. To date, the number of cases per year in the UK reached a maximum of 28 in the
year 2000, and since then has been declining annually with a tota] of 5 deaths in ycar 2005.

Thc FDA model assumes that the maj or source of potential vC.TD in the US would likely be associated
with plasma donors with a history of travel and remdency in the UK, France or other countries in
Europe since 1980 and who may have had dietary exposure to the BSE agent during their stay. The
potential vCID prevalence in US plasma donors with a history of travel to BSE countries since 1980 N
was estimated based on the UK vCID prevalence For US donors the UK vCJD prevalence was '
adjusted based on the proportion of time spent in the UK, the year of travel and age of the donor.
Calculation of the potential vCJID risk for donors who traveled to France was estimated relative to the
UK risk (or the relative risk), based on.the amount of UK beef imports, the number of domestically
acquired vCJD cases, and other factors The relative risk for vCID for France was assumed to be 0.05
times that of the UK risk (or 0.05 times the UK vCID prevalence). Applying similar criteria for other
countries in Europe their relative risk was assumed to be 0.015 times that of the UK.’ Risk was
caleulated in the model for donors by multiplying the UK vCID prevalence by either 0.05 for travel to
France or 0.015 for travel to other European countries and further adjusting the prevalence to account
 for factors such as the proportion of time spent, the year of travel and age of the donor.

The prevalence of vCID in the UK is difficult to estimate because of the long incubation period of the
disease and a lack of a validated test that can detect infection in its asymptomatlc stages. The
prevalence of asymptomatic vCID infections in the UK was estimated in the FDA model using two
different approaches based on two different data sources: :

+ An.epidemiological modelmg-based approach that combined information from a study by \
Clarke and Ghani (2005) and diagnosed vCJID cases for 2002 and 2003 was used to estimatu
a UK vCJD case prevalence of approximately ~ 1.8 cases per million population. There are
some limitations associated with estimates of future vCID cases and vCID incidence in the UK
* generated by epidemiological modeling based on the current reported vCJID cases. Several factors
used in epidemiologic modeling approaches are difficult to quantify and add uncertainty to the
final estimated number of future vCJID cases. These factors include: lude: the intensity mgf human =~
exposure to the BSE ageft, incubation per period, time of infection, _and whether illness will develop
in individuals who are not homozygous for methionine at codon 129 of PrP. All cases of vCID to
date have occurred in individuals who are homozygous for methioning at this location. A more
detailed description of the derivation of the epidemiological modeling-based estimate and further

discussion of the limitations of the approach can be found in section IV, A. 1. below.

* A tissue surveillance-based estimate for UK vCJD prevalence was generated using the
results of a UK study that tested stored tonsil and appendix tissues collected from patients in
the 1990s for the accumulation of prion agent (Hilton ef al 2004). The study yielded a much
higher estimate of 1 in 4,225 (237 infections per million). However, while unconfirmed, the
findings from this study provide a higher prevalence estimate and therefore should also be
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considered. A total of 3 positive appendix tissues were identified among 12,676 tissue samples
tested, yielding a mean UK vCJD prevalence estimate of 1 case per 4,225, This prevalence
estimate was further adjusted to account for the age of the patients surveyed (mostly 20 — 29 year
olds) to arrive at a total populahon-based estimate of UK vCJID prevalence.
This study. was not controlied using tissues, ﬁ'orn a non-BSE exposed population, and false positive
interpretations, of the findings cannot be ruled out. It i is also not known whether this staining of

. appendigceal tissues is a reliable marker for vCID pre- chmcal mfectlon or for an individual’s

.. capability to transmit the infection through blood donanon Howeve.r while unconfirmed, the
findings from this study provide a higher prevalence estimate and therefore should also be
considered. A more detajled description of the derivation of the tissue surveillance-based estimate
and further discussion of the limitations of the tissue surveillance study can be found in section
IV. A: 2. below.

Two spreadsheet models were devéloped for the FDA risk assessment —one for each of the two
" prevalence estimates — but otherwise the models were identical in all other ways. We describe the
surveillance variables and assumptions in the sections immediately below

IV.A. 1. UKvCID preval'ence estimated uéing epide;niological modelin‘g' results
(Clarke and Ghani 2005) and dlagnosed vCJ]) cases for 2002 and 2003

The first approach used to estlmate UK vCJD prevalence in t‘ne FDA model relied largcly on
epidemiological modeling results (Clarke and Ghani 2005) that estimated future 70 vCJID cases in the
UK for the years 2004 — 2080, Since the FDA model estimates the baseline vCID infection risk for
pdFVIII product used in the year 2002, we assumed the potential risk for US donors should be
calculated based on 2 UK vCJD prevalence that included all vCJD cases and potentially incubating
vCID infections in the year 2002, Therefore to estimate the number of cases and future vCID infections
inithe UK for the years 2002 — 2080 we added the 32 known diagnosed cases in-years 2002 and 2003
and the estimated future 70 vCJID cases (Clarke and Ghani 2005). We assumed that the 70 future cases
predicted by Clarke and Ghani (2005) would be incubating vCID infection in 2002. Therefore, the
FDA model estimated an average of 102 cases and incubating vCJD infections for the year 2002 and
assumed a 95% confidence interval of 42 — 222 cases. The results of the’ input information and
calculations for the number of vCID cases in the UK in 2002 are summarized in Tablé 4.1. Assuming
the population of the UK in 1997 is approximately 58 million, the prevalence of vCID (United
Kingdom Office for National Statistics, 1997) would be a mean of approx1mately 1.8 vCID infections
per mllhon populatmn (102 potential vCJD cases / 58 m11110n) '

Table 4.1. FDA niodel estimation of UK vCJD cases for years 2002 - 2080.

Diagnosed vCID Estimation of future FDA model:
cases.in the UK UK vCJID- cases “Estimation of UK vCID
{Health Protection (Clark and Ghani cases for years 2002 - 2080
Agency, 2006) 2005) Lo ‘

Year(s) |2002 |2003 | Total 2004 - 2080 12002 -2080

Number |16 |16 |32 70 (10- 150) {102 (42—220)

of vCID
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