Draft Risk Assessment:
Potential ExposuretothevCJD agent in United States
recipients of Factor XI| coagulation product
manufactured in the United Kingdom

Center for Biologics Evaluation and Research
U.S. Food and Drug Administration

January 31, 2005



DRAFT

EXECUTIVE SUMMARY

In December 2003 the U.K. government announced that vCJID had likely been tranamitted via
blood transfusion to a 69 year-old patient that had died. Thiswas followed by the announcement
in July 2004 of a second presumptive case of transfusion-transmitted vCJD that had occurred in a
patient that had displayed no symptoms of the disease and had died of other causes. Cases of
variant Creutzfeldt- Jakob disease (VCID) were firgt reported in humansin the U.K. in 1996 — and
asof January 2005 over 170 cases have been reported worldwide. Variant CID isafatd
neurodegenerative disease attributed to human infection with the agent of Bovine Spongiform
Encephal opathy (BSE), most often transmitted by the consumption of beef products from

infected cattle.

The probable transmission of vCID viawhole blood or blood components raised asmilar
possibility that plasma derivatives might also pose arisk of vCID transmisson. Accordingly,

U.K. authorities recently notified some recipients of plasma derivatives that they might be at
increased risk of vCJD. These products included coagulation factors VIII, IX, and XI, aswell as
antithrombin 111, and intravenous immunoglobulins. The derivatives of concern were

manufactured from plasma of U.K. donors between 1980 and late in 1999, when--consistent with
adecison announced in 1998—U.K. manufacturers stopped using U.K. plasma. The last expiry
date for any of the U.K. products wasin 2001.

Problem: Some Factor XI made from U.K. plasmawas used between 1989 and 1997 to treat
relatively small number of patients participating in severd Investigational New Drug (IND)
dudiesinthe U.S. No Factor XI product used in the U.S. was manufactured from a pool
containing plaama from a donor diagnosed with variant CID (that is,

there were no known "implicated” lots). However, U.K. plasmadonors are a a sgnificantly
higher risk for vCID.

Question addressed by risk assessment: Given the probable recent transmission of vCJD via
transfusion of whole blood and component products, what is the risk to USrecipients that
received human plasma derived Factor Xl product manufactured in the U.K.?

Results from the M oddl

The prevaence of vCID inthe U.K. population is estimated as 1 in 4,225 based on a
survelllance study by Hilton, et al (2004). Therefore, the model assumesthat thereis nearly
100% likelihood that a plasma pool containing 20,000 donations will contain at least one
donation from a vCJID-infected individud. Results from the modedl are presented in Tablel. The
intravenous (i.v.) 1Dso per sngle unit and per vid of Factor XI was estimated by the modd. A
sngle IDsp is defined as exposure to an amount of infective materid that causes infection in 50%
of the population. Three scenarios were modeled to depict various plausble levesof utilization
of FXI. Scenario 1 involvesthe treetment of a 60 kg individud prior to surgery with 50 unitskg,
or atotal of 3,000 units given to restore FXI levelsto normal. FXI dosesin the literature
typicaly range from 20 — 50 wkg, but doses as high as 15,000 u/patient have been administered
in the postoperative setting, over a period of days Scenario 2 and Scenario 3 assume a treatment
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regimen conssting of 9,000 units, and 15,000 units of FXI, respectively. Clinica trestment

under the three scenarios suggests patients may be exposed to vCJID i.v. IDsp during the course of
treatment that may pose arisk of causing infection. It isnot possible to estimate the precise
magnitude of risk faced by patients that received U.K .-manufactured FXI product.

Table|l — Potential exposureto vCJID agent i.v. | Dy, via Factor XI. Resultsare
expressed as per unit or vial of FXI. Hypothetical scenarios provide an estimate of the magnitude of
exposure to VCID agent i.v. IDsy that might occur per surgery incident. A surgica incident includes
prophylactic trestment prior to surgery and possibly several post-operative treatments with FXI.

Quantity*
Scenario Factor XI Mean vCJD® 5th () g5th (1)
Utilized i.v. IDsg percentile  percentile
A single unit FXI 1u 2x10° 68x107  70x10°
Onevial FXI 1,000 u 2x 102 68x10* 70x 102
Scenario 1 D1y 103 "
Treatment 3,000 u 3,000 u 6 x 102 1x10 0.
Scenario 2: 625 10° 06
Treatment 9,000 u 9,000 u 0.17 =X -
Scenario 3: ,
Treatment 15,000 u 15,000 u 0.28 10x10 10

*U - representsinternational units of Factor XI
(1) Estimates may have been rounded

Conclusions

No U.K.-manufactured FXI product distributed in the US from 1989 to 1997 is known to have
been manufactured from “implicated” plasma pools that were known to have contained plasma
from adonor later diagnosed withvCJID. If the prevalence of vCID inthe U.K. is assumed to be
1/4,225, it islikely that most plasma pools used to manufacture FXI until 1998 could have
contained a plasma donation from a person infected with vCID. Although results of the model
suggest that exposure may have occurred, it is not possible to provide a precise edimate of the
VvCJID risk to patients that may have used Factor X1 manufactured in the U.K. in the 1990s.
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Background

Factor XI

Factor XI isaclotting factor present in blood plasmathat plays arolein the very early stages of
the blood coagulation pathway. It isa precursor to plasmathromboplastin, which is one of the
proteins that dters the shape of blood plateets and facilitates clotting. Factor X1 isnormally
present at concentrations of 50-70 wdl in human plasma

Factor X1 (FXI) deficiency isarare bleeding disorder that was first described in the 1950s.
Unlike other hemophilias, it is an autosomd bleeding disorder that affects both genders equdly.
Generdly, bleeding with FXI1 deficiency is less severe than with hemophilias A and B and does
not usudly involve joints or muscles or gpontaneous bleeding in those aress,
(http:/Avww.hemophilia.org/bdi/bdi_types9.htm). Factor X1 deficiency is usudly categorized as
(1) severeor (2) partid. Those with severe deficiency have FXI levels below 15 u/dl and are at
high risk of excessve bleeding if injured, or after surgery or dentdl extractions. Medica
intervention that brings FXI levelsto the 50 w/dl to 70 u/dl range is recommended prior to
surgical procedures on severdly deficient patients. Thergpy can indude infusion with fresh
plasma, antifibrinolytic agents, or FXI preparations.

Factor XI manufactured in the U.K. between 1989 and 1997 was used by asmall group of
patientsin saverd IND studiesin the U.S. and this risk assessment estimates the potentia
exposure to VCID agent viathat product. Currently, there is no Factor X1 product commercidly
licensed in the United States.

|. Hazard Identification

The hazard identification portion of the risk assessment provides an in-depth overview and
andyss of information from laboratory studies, epidemiologica studies, the scientific literature,
government reports and other credible or peer-reviewed sources of data that establish a causa
relationship between the hazard and adverse effects on humans. To date, no epidemiologica
evidence suggests that vVCID has been transmitted by plasma derivative products.

A new human variant Creutzfeldt- Jakob disease (vCJID) was first described in the U.K. in 1996.
Asof January 2005, 171 cases have been reported including 157 inthe U.K ., 9 (not U K .-
acquired) in France, and sngle non-U.K. acquired casesin Irdland and Itdy. In addition, sngle
cases of vCID in former long-time residents of the U.K. have occurred in Ireland, Canada, and
the U.S.

Both vCJID and BSE belong to a class of diseases known as transmissible spongiform
encephaopathies (TSES). The leading theory isthat the transmissble infectious agent isa
proteinaceous infectious agent, or “prion,” that originates in the misfolding of a ubiquitous prior
protein (Prp) normally expressed in many cdls. The atered PrP, known as PrP'®, ishighly stable
and resstant to degradation by high heat and many chemicad trestments commonly used to
denature proteins. Theincubation period for TSEsislong. For example, the mean incubation
period for BSE in cattle (interva between first exposure to contaminated feed and onset of
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illness) has been estimated at about 5 years, and that for blood-borne vCID to exceed 10 years.
I ndividuas become symptomeatic with most forms of CID only in the last few months of life,
making early detection very difficult. Diagnostic tools can usudly detect BSE in the later stages,
usudly in cattle more than 24 months old. Confirmation of vCJID requires postmortem
examination of brain tissue to confirm diagnosis, but abnormal prion protein has been detected in
antemortem tons| biopses early in clinical illness and archived appendices of two asymptomeatic
individuals one and two years prior to the onset of symptoms. There are currently no rapid tests
available to detect the vCID in its early stages or to detect the presence of TSE agentsin blood.

I.A. Transmission of TSEsthrough transfusion of blood productsin animal models

Transmisson of TSEs through the transfusion of blood or blood products has been demonstrated
in anima modes on multiple occasons. At least four studies reported transmission via blood
transfusion in the same animd species sheep experimentdly infected with BSE(Houston et al
2000) and naturaly infected with scrapie (Hunter et al 2002), and experimentaly infected
rodents (hamsters with scrapie and mice with a human TSE ( (Rohwer et al 2004, Brown et al
1999).

Brown, Rohwer, Taylor and others have atempted to estimate the amounts of infectivity present
in blood, which generdly fell between two and 20 icLD50/ml. A recent study of scrapie-infected
hamgters concluded that more than 40% of the infectivity present in whole blood was associated
with plasma (approximately 58% [Gregori L, et al. 2004].) The modd uses the more

conservative of the two outcomes and assumes that 58% of infectivity is associated with plasma

|. B. Transfusion transmission of vCJD in the UK.

In December 2003 the U.K. government announced that vCJD had likely been transmitted via
blood transfusion to a 69 year-old patient. The patient had received atransfusion of non
leucoreduced red blood cellsin 1996 from a donor that died three years later of vCID. Thisfirg
case was followed by the announcement in July 2004 of yet another probable case of transfuson
transmitted vCJD that died of ruptured aortic aneurysm without sgns of vCID, but postmortem
testing detected PrP™ in spleentissue and cervica lymph node.

It is possible that dietary exposure may have been responsible for the cases, however the
probabilities for either or both of these two eventsare smdl. As Llewelyn et al (2004) pointed
out in ther publication discussing the firgt presumed transfusion-transmitted case “the age of the
patient was well beyond that of most vCJID cases, and the chance of observing acase of vCID in
arecipient in the absence of tranfuson transmitted infection isabout 1 in 15,000to 1 in

30,000.” The combined probability that two ederly patientsin asmal cohort of transfusion
recipients—in an age group underrepresented among vVCID cases—both acquired infection from
food, is remote.
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The presumptive tranamission of vCJID via by labile blood components raises the possibility that
plasma derivatives may pose arisk. The U.K. authorities recently notified some recipients of
plasma derivatives that they might be at increased risk of vCJID. These products included
coagulation factors, as wel as antithrombin [11, and intravenous immunoglobulins. The

derivatives of concern were manufactured from plasma of U.K. donors between 1980 and latein
1999, when-consstent with a decison announced in 1998—U.K. manufacturers sopped using
U.K. plasma. The last expiry date for any of the U.K. productswasin 2001. To date, no cases of
vCJID have been detected in patients that have recelved human plasma- derived coagulation
products from implicated lots made in the U.K.

The focus of thisrisk assessment is on the risk of vCID for patientsin the U.S. that received
Factor XI manufactured in the U.K. in the 1990s.

Il. Hazard Characterization

The hazard characterization component (also known as dose-response) rlates the information in
the exposure assessment, which determines the dose, to the adverse consequence(s) such as
infection, illness, etc., at the individua, subpopulation, or population level. Determining dose-
response relationships are extremely complex and often difficult to accomplish because data are
limited, especidly exposure and outcome data for humans. Other factors such as characteristics
of the hazard (e.g. strain, chemica make-up, €etc.), route of introduction, genetics of exposed
individuds, influence the dose-response relationship but are often difficult to characterize. Often
inlieu of human data, animd data are used and gppropriately extrapolated to estimate the dose-
response relaionship for humans. Another chalengeis estimating the probability of infection
when the exposure to TSEs is smal and/or occurs repestedly over aperiod of time. Itis
unknown whether thereisaminima amount of the agent, or threshold, that is needed to initiate
infection in an individual. Furthermore, it is not known whether the effects of smal multiple
exposures over aperiod of time are cumulative and may result in infection and disease. Some
risk assessments have made assumptions concerning the exposure and dose for TSE agent that
leadsto infection. For instance, the Det Norske Veritas (Feb 2004) blood products risk
assessment assumes that exposure to infectivity, quantified in 1Dsg units, is cumuletive over the
period of one year. The | D5y is the common metric used to quantify the infectivity of
transmissible spongiform encephaopathies (TSES). One IDs is defined as the amount of
infectious materia or tissue that is necessary to initiate infection in 50% of the population. The
route of exposure to TSE infectious materid influences the efficiency of tranamission of the
disease and it has been shown that the intracerebrd (i.c.) route (injection directly into the brain)
is the most efficient mode, the intravenous (i.v.) route is gpproximatdy 5 to 10 timesless
efficient than thei.c. route.

In estimating the dose-response relationship for TSES one could use a strict interpretation of the
IDsop and assume alinear relationship between exposure and infection. In such a case exposure to
1 I1Dsp would suggest a 50% probability of infection, exposure to 0.1 IDsp would suggest a5%
probability of infection, and so on. However, given the lack of information and high degree of
uncertainty on the dose-response reationship for TSE agentsit is plausble that low leve
exposures, evenon achronic basis, may not attain the threshold necessary to initiate infection in
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humans. The conservative assumption isthat low-leve exposure to a TSE agent could
potentidly lead to infection

1. Exposure Assessment

Exposure assessment eval uates the routes of exposure to a hazard, the probability that exposure
occurs and the amount of a hazardous agent to which a person or population may be exposed.
This exposure assessment specifically addresses exposure to the vCID agent that may have been
present in Factor XI manufactured in the U.K. and administered to U.S. patients during aclinicd
study under an IND gpplication. The adminigtration of Factor XI, and thus the route of exposure,
isintravenous and used in the clinica trestment of individuas prophylacticadly prior to surgery

and after surgery to control bleeding.

Pools congisting of 20,000 or more plasma donations collected from U.K. plasma donors were
used as the garting materia from which FXI was purified. Because of the relatively large
number of donations per plasma pool and the prevaence of vCID inthe U.K. populationit is
possible that at least one or more plasma donations per pool may have been collected from
asymptomatic individuas unknowingly infected with vCID. The worgt-case assumption isaso
that TSE infectivity is present in the blood of an incubating donor a any stage of incubation.

Assumption usd in the modd: The probability of at least one donation from a vCID-infected
individua being present in aplasma pool used to manufacture Factor X1 in the U.K. in the 1990s
is nearly 100%.

Overview of Model

Module A (vCJD IDs, per plasma pool) uses estimates of vCJID i prevaence in the U.K. population
of 1in 4,225 (Hilton et al 2004) to estimate the number of vCJID donations that could be present
in aplasmapool of 20,000 donations. The output of thismodule is an estimate of the vCID
iviDso per plasma pool. Module B approximates the reduction of vCJID agent during
manufacturing. The modd estimates a reduction of between 0 and 4 logio reduction (10,000
fold) in the amount of agent with amost likdly level of reduction of 2 logio reduction (100 fold).
The output of this module is an estimate of the IDsp per via of Factor X1. Module C (Dose for
Pre- / Post- surgica trestment) estimates utilization of FXI by patients. The outcomes are
expressed in i.v. IDsg per Sngle unit FXI, per vid (1,000 units) and for three possible clinica
treatment scenarios.
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Model of Exposure Assessment

INPUT MODULE OUTPUT

7? Probability vCID in ?? Totd i.c. IDso per vCID

U.K. population Module A donation
?? Number vCID donations VCID 1D per ?7? Totd i.v. IDsg per plasma
per pool

pool of 20,000 donations

plasma pool
?? 1Dso per ml plasma

%? Percentage pool usedin ModuleB %? 1Dsp in FXI post-

production processing
?? Logho reduction I Dsg IDso reduction ?? Yidd FXI from plasma
o : . during processing / o

during processng pool

production

?? D5 per plasma pool ?? Totd i.v. IDsg per vid

?? Units per vid (1,000)

?? ivIDsp per unit FXI

?? ivIDsg per vid

?? Scenarios. include apre-
surgery dose 15 —-50iuwkg

Module C 2? Totd utilization of FXI

?? Exposure estimate
expressed in VCID iv I1Dsg
?? Exposure estimatesfor 3

Dosefor
Pre- / Post-
surgical treatment
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[11. A. Total intravenous vCJD infectivity (i.v. IDsy) per plasma pool
1. A.1. P,cip - Probability of vCID-infected individual in U.K. population

In the scientific literature estimates of the rate of incubating vCJID casesin the U.K.. have been
derived from two potential sources— (1) mathematical modeling and (2) surveillance testing of
tissues such astons| and gppendix. For thisrisk assessment we used the estimates derived from
the tonsl and appendix studies since they are surveillance studies and would be expected to
provide a more representative estimate of the potentid rate of vCJID in the population. InvCID
patients the digtribution of infectivity in tissues throughout the bodly is different than for other
formsof CID. Infectivity has been observed in the tonsl and spleen (Bruce et al 2001) aswell
asin the lymph nodes (Wadsworth et al 2001) of vCJID patients at the time of death. PrP* has
a 50 been observed in gppendices of two asymptomatic vCID individuas one and two years (but
not 10 years) prior to the onset of symptoms (Hilton et al 1998).

The most recent survelllance results for the U.K. by Hilton et al (2004) indicated three
appendectomy samples from different patients showed accumulation of prion protein in tons|
and/or appendix samples examined from atotal of 12,674 individuas. For the risk assessment
modd we converted this 3in 12,674 individuas sampled to an average rate of vCID inthe UK.
population of 1in 4,225 (1/20,300 to 1/ 1,450 at 95% Cl ). The datafrom tissue studies were
then used to generate variables and parameters representing the potential number of vCID
donations that may be present in abatch of 20,000 recovered plasma donations used to
manufacture Factor XI product in the U.K. in the 1990s. Assuming an average prevaence of 1
in4,225(1/20,300 to1/ 1,450 at 95% CI ) therewould be an estimated 4.7  (95% CI 0.98 -
13.8) potentiad vCJID donations per plasma pool of 20,000 donations (20,000 donationsx 1/
4,225 = A.7).

Although the potentid rate of vCID is derived from survelllance studies there may be some
limitations on the data because the number of samples tested is Hill rlatively smdl (about
12,000) and even in the U.K. population, vCID isarareillness. Therefore, many cavests are
given with these esimates. For ingtance, the survey may underestimate the number of casesin
the population if PrP~ is not detected in the tissues of vCJD-infected individuals until later in
the disease process. It isaso possible that the estimates derived from the tissue testing
surveillance programs may in some way overestimate therisk. For example, the population
surveyed for the tonsl and appendix studies may not be identicd, e.g. in terms of age, to the
plasma donor population. However, this estimate is selected as the most conservative estimate.

Assumption used in themodd: An average prevaence of vCID in the U.K. population was
assumedtobelin4,225(1/20,300 to1/1,450 - 95%Cl).

Tablell. Summary of surveillance testing of tissuesincluding tonsil and appendix in the
UK.

Reference Agesof Typetissue Years Number Totd Rate per
population examined tissue of samples million
examined taken podtives | examined (95% Cl)
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Ironside W, et Tonsils and 1995-
al. 2000 10-50yr | e | 1999 0 >3,000 0
(72000)
Hilton DA, & Tonsils and 1995- .
a. 2000 10-50yr appendices 1999 1 appendix 8,318
Hilton DA, et 237/million
a. 2004 Tonsils and .
20 20yrs | apendices | 1% 3 12,674
1999 appendices | appendices ( 49692 per
million)

[11. A.2. Drpoo - Total number of donations per pool

Assumption used in the modd: Factor XI was manufactured from a pool of gpproximately

20,000 recovered plasma donations.

[11. A.3. Dycyp - Total number of vCJID donations per pool

The estimate in the modd of the total number of donations from individualsincubating vCID

that may be present in apool of 20,000 plasma donations used to manufacture Factor X1 was
estimated from survelllance studies that tested lymphoreticular tissue from patientsin the U.K.
for the presence of vCID agent. Survelllance studies testing for the presence of prion proteinin
tons| and appendectomy samples from U.K. hedth dinicsidentified atota of 3 prion protein
positive gppendix samples from atota of 12,674 individuastested (Hilton et al 2004). These
testing results for gppendices and tonsls suggest a potentia prevaence of 1 positive vCID case

per 4,225 individudsin the U.K. Hilton et al (2004) suggest that an average of 237 vCID

infections per million individuas with a95% CI of 49 to 692 vCID cases per million.

Given the potential vCID prevaence of 1 case per 4,225 individuas in the U.K. from Hilton et

al. (2004) it islikely that there is nearly a 100% probability that one or more donations from

vCJID infected individuaswill be present in each pool. The mode represents the uncertainty of
the estimated number of vCJD donations per plasma pool using a gatigtica distribution.

Assuming an average prevalence of 1in 4,225 (1/ 20,300 to 1/ 1,450 at 95% Cl ) there would
be an estimated 4.7 (95% CI 0.98 - 13.9) potentiad vCJID donations per plasma pool of 20,000

donations (20,000 donationsx 1/ 4,225 = 4.7). The modd assumed all donations were

comparable in volume and there were no partiad donations; dl partia donations were rounded to
the nearest whole number.

Assumption used in the modd: The number of vCJID donations per pool is represented by a

triangular digribution that assumes aminimum of 0 donations from vCID individud will be

present, it ismost likely that as many as 2 donations (or an average of approximately 5
donations) from vCJD cases could be present, and athereisasmall probability that a maximum

10
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of 14 donations from vCJD individuals may be present in a plasma pool consisting of 20,000
donations.

I11. A4. |p - Estimated Total Infectivity (or i.c.IDsp) per vCJID donation

The mode estimatesthe totd infectivity or i.c. IDsp per vCID donation as a function of the
volume of plasma per donation multiplied by the infectivity associated with plasma. Thei.c.
IDsp in plasmaare caculated from the percentage of infectivity that is estimated to be present in
plasma. The modd expressesintracerebra (i.c.) vCID infectivity in terms of thei.c. IDsp asthe
amount of tissue materid, in this case blood or plasma, that when injected into the brain causes
infection in 50% of the population. More details on the variables and parameters for this portion
of the model are described below.

1. A.4a. Dy - Amount of recovered plasma per donation

Dy - The amount of plasma recovered from a unit of whole blood is represented in the
model by a single value point estimate of 200 milliliters

A unit of whole blood has a volume of approximately 450 milliliters. Recovered plasma
is the plasma portion separated from the cellular portion of aunit of whole blood within
hours of its collection.

Assumption used in the modd: The moded assumes that gpproximately 200 milliliters
(mls) of plasma can be separated away from the blood cdlls.

[11.A.4b. 1y - Infectivity of vCID (or i.c.IDsp) present in infected blood per ml

lpi - The potential amount of vCJID agent present in whole blood collected from a vCID
infected individual is represented in the model by a triangular statistical distribution of
(0.1, 10,1000} i.c. IDsp/ml (minimum, most likely, and maximum).

Conclusions from two research groups arrive a somewhat smilar estimates for the
quantity of infectivity that might be present in the whole blood of mice and hamdters.
Using amurine mode and human CJD Brown et al (1999) found that infectivity in the
blood of mice rose to as high as 100 infectious units (iu) per ml of buffy codt.
Furthermore, Brown et al (1998, 1999) conducted experiments to determine the
infectivity of buffy coat materid and plasma but not red blood cdlls. Assuming that red
blood cellsretain gpproximately 25% of the infectivity of whole blood, then the
infectivity present in whole blood could be estimated to be in the range of gpproximately
10i.c. IDsg and 20 i.c. IDsp per ml. Cervenakova et al (2003) found levels of 20 — 30
infectious doses per ml ( 10-15i.c. ID5S0 per ml) associated with buffy coat and plasma
during incubating and symptomatic stages of the disease. Red blood cdlls were not found
to be infectious. Transfusion of blood products using the hamster scrapie model by
Rohwer suggests that addition of infectivity levels derived for individua blood
components would generate atiter for whole blood of approximately 2 to 20i.c. IDsg/ml.

11
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Assumption used in themodd: Whole blood collected from a vCID-infected individud
potentialy carriesaminimum of 0.1 1i.c. IDso per ml, amost likely of amount of 10i.c.
IDso per ml, and amaximum of 1,000i.c. IDsp per ml.  Attemptsto identify vCID
infectivity titers in human blood have not been successful, but the assay sengtivity for
VCJID invitro and in animad modelsislimited (Bruce et al 2001 and Wadsworth et al
2001). Wadsworth et al estimated alimit of sensitivity of about 1,000 | Dse/ml by their
assay (Wadsworth, 2001).

1. Adc. Ip.perc - Percentageinfectivity associated with plasma (i.c.I Dso/ml)

Ipi-perc - The percentage of vCJID agent associated with the plasma portion of whole
blood is represented in the model by a single value point estimate of 58%.

Studies have shown that greater than 50% of transmissble spongiform encepha opathy
agent present in whole blood is associated with plasma. Two sets of experiments
(Gregori et al. 2004) using a hamster — sheep scrapie mode showed that gpproximately
58% of infectivity in whole blood is associated with plasma

Assumption used in the modd: The modd uses the more conservative of the two
outcomes and assumes that 58% of infectivity is associated with plasma.

[11.A.4d. Ip - Total infectivity (or i.c.IDsp) per vCJID recovered plasma donation

Totd i.c.IDsp per vCID donation is represented by the equation:
Ip = Dv x lp x IPl—perc

Inthiscaselp or totd infectivity or i.c. IDsg per vCID donation equa to the volume of
plasma per donation (Dy) multiplied by the infectivity associated with plasmawhich is
derived from the IDsos present in blood (1) times the percentage of infectivity present in
plasma (I pi-perc). Total VCID infectivity is expressed in terms of the IDsg or the infectious
dose needed to cause infection in 50% of the population.

Assumption used in the modd: One IDs is the amount of materia containing infectious
agent that has a 50% probability of causing infection in an individua or population.

1. A.de Aiciv - Adjustment for intravenous route of infection

Aiciv - isrepresented in the model by a uniform distribution between 5 and 10. This
variable provides an adjustment for the difference in efficiency between the intravenous
and intracerebral routes of introduction in initiating infection.

Studies with mouse- adapted scrapie agent suggest that the i.v. route of adminigration is
approximately 10 times less eficient in causng infection than the intracerebral route
(Kimberlin et al 1996). Brown et al (1999) used a mouse-adapted human TSE agent to
show that i.v. injection of plasma was about seven timesless efficient and i.v. injection of
buffy coat approximately 5 times less efficient than werei.c. inoculations of the same
materiasin trangmitting infection.

12
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Assumption used in the modd: Exposure to infectivity by thei.v. route is between 5 and
10 times less efficient at causng infection than introduction viathe intracerebra route.

[11. A.5. liv-pool - Total intravenous infectivity or i.v.IDso per plasma pool of 20,000 donors

The output of this component of the modd, tota i.v. IDso per plasmapoadl, is represented by the
equation:

liv-pool = Dvcap X Ip
Aiciv

Tota intravenous VCID infectivity per plasmapool (liv-pool) Was caculated in the mode by
multiplying the total vCJID donations per pool, Dycjp, by thetota quantity of infectivity, I p,
(ID50) per donation and dividing the product by the adjustment for intravenous route of
introduction, Aic.iv.

[11.B. Total i.v. |Dsgper vial after processing / production of Factor XI

This component of the model estimatesthetotd i.v. IDsg of vCID infectivity that may be present
inavid of Factor X1 that was manufactured in the U.K. and used in the U.S. under IND.
Production of Factor X1 in the U.K. involved the pooling of recovered plasma from a pool of
gpproximately 20,000 donations. Some steps during production may be expected to remove
vCJID infectivity, thereby reducing the amount in the finished product. There were two steps that
reduced the amount of infectivity. First, the origina starting plasma materia was gpproximeately
5,000 kg of plasma from which gpproximately 800 kg was removed and used to produce the
Factor X1 product. This meansthat only gpproximately 16% (800/5,000) of infectivity from the
large pool of 20,000 donations remained. Finally, because of the processing steps used in the
manufacture of Factor X we assumed amogt likely reduction in infectivity of 2 logio (or 99%).
These two steps would result in a significant reduction in the amount of vCID present in the
Factor X1 product from the U.K. However, the mode assumes that infectivity would only be
reduced and not diminated. Therefore, some vCID infectivity is predicted by the risk
assessment model to have been present in vials of Factor XI produced in the U.K. and may have
posed arisk of transmitting vCJD to patients that received the product.

[11.B.1. Rwy - Percentage of pool used to manufacture Factor XI

Theinitid starting amount of materid from 20,000 recovered plasma donationsin the U.K. was
estimated to weigh 5,000 kg of which 800 kg (or 16%) of the materia was removed and used to
produce Factor XI. As stated earlier this step represents an 84% reduction in infectivity from the
pool of 20,000 plasma donations.

Assumption used in the modd: Approximatdy 16% of starting plasma materia from 20,000
donations was used in the manufacture of FXI.
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[11.B.1.a. Wy - Weight of starting product

Assumption used in the modd: Weight of starting product is represented in the modd by
adgngle vaue point estimate of 5,000 kg.

[11.B.1.b. Wy, - 800kg portion removed and used to extract Factor XI

Wy, - Portion of total product used in manufacturing is represented in the model by a
single value point estimate of 800 kg.

Assumption used in the modd: 800 kg of materid was removed and used to produce
Factor XI.

Portion used is represented by the equation and caculations:

Rw = Wn / Wg

Rw = 800 / 5,000

RW% = 0.16

The remova of 800 kg or 16% of the pooled product from the origind starting materia

of 5,000 kg represents an 84% reduction in the amount of i.v. IDsps present in the origind
pool of 20,000 donations.

[11.B.2. Riog - Logreductionin IDsg during processing

Represented in the model by a triangular statistical distribution representing a reduction
in IDsp during processing of (0, 2,4) Logio i.v. IDso/ml (minimum, most likely, and
maximum).

TSE agents are highly resgtant to conventiond inactivation methods such as dcohal,
other solvents, and hest denaturation. At least one step during the production of Factor
XI has potentia to reduce the amount of agent present by physical separation
(partitioning). CBER has estimated by interna expert opinion thet the leve of remova
of agent during processing corresponds to areduction of aminimum of 0, amost likely
reduction of 2 Logio 1Dsp, and amaximum possible reduction of 4 Logio IDso per ml.
Empirica verification of these estimated levels of reduction has not been done to our
knowledge.

Assumption used in the modd: Processing reduction is represented by atriangular
datistica digtribution representing areduction in 1Dsg during processing of (0, 2, 4)
Logio i.v. IDsg/ml (minimum, mogt likely, and meximum).

Assumption used in the modd: The modd assumes that infectivity is reduced but not
entirdly eiminated from plasma and the product during processing. Therefore, athough
the amount of 1Dsp VCJID agent may be reduced the percentage of pools and vids
containing the agent till remains the same.
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[11.B.3.1,, - Total i.v. IDsp present per pool of Factor XI post-processing
Ipp = Iiv-pooI X I:\)W X ]-/RLog

Thetotd i.v. infectivity (i.v. IDsps) present in processed product (1 pp) isafunction of the
total infectivity present in the pool (liv-poor) Prior to processing steps that might reduce the
amount of infectivity present in the fina Factor X1 product. The infectivity in the pool
(liv-pool) ismultiplied by Rw because only 800kg out of the origina 5,000 kg (or 16%) of
darting plasma pool is used and multiplied by processing reduction steps (R og), Which
are expected to reduce the infectivity in thefinal Factor X1 product by amost likely of
Logio 2 (or 99%), or by amaximum level of Logip 4 (or 99.99%).

[11.B.4. Y+ - Total yield of Factor Xl from plasma pool

Factor X1 is present in trace amounts in human plasma.

Assumption used in the model: The estimated the yield of FXI per kg plasma was gpproximately
150 to 180 units, subsequently the modd estimates the tota yield of Factor X1 as 120,000 to

144,000 units per batch of 800 kg starting materia. FXI was distributed in vias containing
1,000 units each. The term unit (u) is equivaent to the term internationd unit (i.u.).

Theyidd of Factor XI from the starting material was represented in the mode by the equation:
Yir = Wm X Yikg

I11.B.4.a. Yi.kg - Yield of Factor XI per kg of plasma

Yidd in the model was estimated to be between 150 to 180 units of FXI per kg plasma
This varigble was represented in the moded using a uniform digtribution with aminimum
yield of 150 units and amaximum yield of 180 units per kg of Sarting plasma materid.

[11.B.5. Vi, - Vial size or number of units per vial
It was assumed that each vial contained 1,000 units of factor XI.
[11.B.6. V1 - Total number vials produced
The Factor X1 product was diquoted into vias with approximately 1,000 units each, and the tota
number of vids produced was estimated in the mode by the smple equation:
Vi = Y [ Vi
I1.B.7. iz - Totali.v.Dsg per vial

Thetotd i.v. IDsg present in each vid of Factor X1 was estimated by dividing the totd estimated
i.v. IDsg per poal (lpp) of sarting meterial by the total number of vials produced. Caculations
used in the modd are represented by the equation:
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IviaI = Ipp / VT

or including al component variables by the equation:

DVCJDX DVleI X Ipl-perc
lvia = Rwoe X LRiog Wm X Yikg ! Vid)
Aic—iv

Summary of variable names used above are:

Dycyp - Total number of vCJID donations per pool

Dy - Amount of recovered plasma per donation

lo - Infectivity of vCJD (or i.c.IDsp) present in infected blood per ml
Imperc - Percentage infectivity associated with plasma (i.c.IDsg/ml)
Aiciv - Adjustment for intravenous route of infection

Rwe - Percentage of pool used to manufacture Factor XI

RiLog - Log reduction in IDsps during processing

W, - Portion of total product used in manufacturing(800 kg).
Y.kg - Yield of Factor XI per kg of plasma

Viy - number FXI units per vial

[11.C. Utilization by patientswith Factor XI deficiency undergoing Surgery

Factor X1 normdly circulates in the human bloodstream at a concentration of gpproximately 50
wdl and has been observed by some researchers to be present at concentrations as high as 70
wdl. Thosewith very severe Factor XI deficiency have < 15 unit per deciliter (wdl) of blood.
The commonly used trestment dose is 50 units per kg body weight. Individuas at risk for
excessive bleed prior to surgery can receive prophylactic trestment at the recommended dosein
anticipation of surgery. Because the hdf-life of FXI is gpproximately 52 hrs (Mannucci et al
1994), patients may need additional post-surgical maintenance trestments every 2 to 3 daysto
maintain thergpeutic levels.

[11.C.1. Total Dosefor Pre- and Post-surgical treatment with Factor Xl

Published data are available on the per surgica event utilization of Factor XI (Mannucci et al
1994, Aledort et al 1997) manufactured in the U.K. so that potentia exposure to the vCID agent
can be estimated more accuratdly. It isdifficult to determine the exact dose given to each patient
without the patient medica record because only the dose per body weight of 50 wkg is provided.
The scenarios described below approximate the amount of factor XI given per patient to provide
insght into the possble magnitude of risk. In this portion of the mode we lay out three possible
scenarios:

Scenario 1 — Treatment of a 60kg individua with Factor XI (50 wkg) once during or after
surgery for atotal patient dose of approximately 3,000 units.

Scenario 2 - Treatment of a 60kg individud both pre- and post-surgery with atota of
gpproximately 9,000 units of Factor XI.

Scenario 3 - Treatment of a60kg individua both pre- and post-surgery with atota of
gpproximately 15,000 units of Factor XI. .
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[11.C.1.a. Dpre - Prior to major Surgery - doses of 50 u/kg given

Assumption used in the modd: The dosage prior to surgery is gpproximately 50 u/kg
body weight. This dosage scheme is represented in the model with a point estimate.

Dpre= Dose (50iu/kg) x Patient weight (kg) x Number treatments
[11.C.1.b. Dpog - Post-surgical maintenance of 50 u/kg every 2 - 3 days
Assumption used in the modd:  The post-surgery maintenance dosage is assumed to be

50 wkg given every two to three days. This dosing scheme is represented in the mode
with a point estimate.

Dpost = Dose (50u/kg) x Patient weight (kg) X Number treatments

[11.C.1.c. Dt - Total Factor XI dosesgiven per patient per surgical procedure

The output isa sum of al doses of Factor XI given pre- and post-surgery to prevent or
minimize bleeding by Factor X1 deficient patients. The sum of dosesis represented by
the equation:

Dty = Dpe + Dpos

[11.C.2. Scenario 1: Treatment 60 Kg individual

A 60 Kg person receives one dose factor X1 to minimize potentia bleeding episodes a a
concentration of 50uwkg would receive atota of approximately 3,000 units. Output isthe
estimated tota units Factor XI received and estimated vCJID 1Dsg received. Thisdosing regimen
for one IND using U.K. manufactured factor X1 in the United States is described in Aledort et al
(1997). It should be noted that 12 of the patientsin the study received 50 u /kg but one patient in
the sudy received only 20 u / kg.

[11.C.3. Scenario 2: Treatment with 9,000 units Factor XI

Assumption used in the modd: During preparation and recovery from surgery the model
assumes that a patient recelves atotal dose of 9,000 units Factor X1 to minimize potentia
bleeding episodes. Output is the estimated total units Factor X1 received and estimated vCID
IDso received.

Scenario 2 issamilar to amounts of Factor XI given in three dosing regimens given a 50 units
per kg body weight -one trestment given prior to surgery and two trestments given during post-
operative recovery (Mannucci et al 1994).

[11.C.4. Scenario3: Treatment with 15,000 units Factor X
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Assumption used in the modd: During preparation and recovery from surgery the mode
assumes that a patient recelves atotal dose of 15,000 units Factor XI to minimize potentia
bleeding episodes. This scenario may involve a60 kg individua that receives gpproximately
five treetments both prior to and following surgery a adose of 50 wkg.

Output Scenario 3: Estimated Total units Factor XI received and estimated vCJID D5 received.

V. Risk Characterization

The risk characterization section of the risk assessment integrates the hazard identification,
hazard characterization and the exposure assessment components to arrive at estimates of the
risks posed by a hazard.

In this risk assessment data for hazard characterization are lacking, so we could not develop a
human vCJD dose-response. The dose-response relationship provides information needed to use
the exposure (dose) assessment results to estimate the probability of adverse responses including
infection, illness or mortdity — based on assessment of exposure (dose) to the hazard. Many
TSE modds and risk assessments, including our modd, use the IDsg, or amount of materid that
leads to infection in 50% of the population, as a semi-quantitative estimate of the amount of TSE
agent. Itis possibleto interpret the IDsg as representing alinear dose-response relationship or
linear relationship between exposure and the probability of infection. In such a case exposure to
1 IDsp would suggest a 50% probability of infection, exposure to 0.1 IDsp would suggest a5%
probability of infection, and so on. Given the limited data available, any extrgpolation or
interpretation has limited utility in actudly esimating dinica outcomes such as infection and
illness. Therefore, any estimate of the risk based on estimates of exposure to the vCID agent
through use of Factor XI will beimprecise and extremely uncertain.

IV.A. TheMod€

This risk assessment and model link the available scientific and epidemiologica datatogether to
mathematically approximate the processes (predicted presence of vCID in U.K. population,
manufacturing, reduction of vCID agent, and patient utilization) leading to exposure of US
patients to vCID agent present in U.K .-manufactured Factor X1. A summary of the varigbles,
parameters and equations used in the model were described in Section I11. Exposure Assessment
and asummary of the variables and equations are provided in Appendix A. Where data were not
avalable, amplifying assumptions were used in the model and are detailed in the preceding
documentation. Assumptions used in the modd are presented in tabular form in Appendix B.

The modd was run using @Risk software package (Pdisades Corp, NY) to conduct the Monte
Caloandyss. Smulaionsof 10,000 iterations were run.

The mode provided predictions of estimated exposure to the vCID agent in the form of
intravenous (i.v.) IDsg in patients treated with U.K .-manufactured Factor XI. Because an
accurate dose-response relationship (or hazard characterization) for vCID exposure and the
probability of human illness has not been developed it is not possible to predict with any
accuracy the probability of vCJID infection and illnessin an individua exposed to the agent.
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IV.B. Resultsfrom the Model

Results from the model are presented below in Table 4.1. The intravenous (i.v.) IDsp per sngle
unit and per via (of 1,000 units) of Factor X| was estimated by the modd. Additiondly, results
that predict exposure for 3 scenarios depicting various levels of utilization that gpproximate

clinicd trestment with FXI are presented.
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Tablel — Potential exposureto vCJID agent i.v. | Dg, via Factor XI. Resultsare
expressed as per unit or via of FXI. Hypothetical scenarios provide an estimate of the magnitude of
exposure to vCJID agent i.v. 1Ds that might occur per surgery incident. A surgical incident includes
prophylactic trestment prior to surgery and possibly several post-operative treatments with FXI.

Quantity*
Scenario Factor XI Mean vCJD® 5th (@ g5th (1)
Utilized i.v. IDsg percentile  percentile
A single unit FXI 1u 2x10° 68x10°  70x10°
Onevial FXI 1,000 u 2x 102 68x 10 70x 102
Scenario 1: "
Treatment 3,000 u 3,000 u 6x 102 21x10 021
Scenario 2: .
Treatment 9,000 u 9,000 u 0.17 62x10 06
Scenario 3: Lox 107 10
Treatment 15,000 u 15,000 u 0.28 X :

* U - represents international units of Factor XI
(1) Estimates may have been rounded

V. C. Sendtivity Analysis

Sengtivity (or importance) andysisis a process of varying the vaue of variables in the modd to
identify those with the greatest influence on the estimated risk outcome(s). A smple sengtivity
andysis of the Factor XI modd suggests that the estimated number of vCJID donations per
plasma pool (D.c;p) hed the grestest influence on the find risk estimate. In the model D¢, Was
bounded by a minimum vaueof 0 vCID donation per pool, amost likely estimate of 2 (average
of gpproximately 5) vCID donations per pool and a maximum vadueof 14 vCID donations per
pool. The second most influentia factor in the mode was the log reduction of vCID agent (Ry o)
during processing and manufacture of Factor X1 product. For R o4 it was assumed that the
minimum level of reduction was 0, the most likely level of reduction was 2 logyp and the
maximum level of reduction in agent that could occur was 4 [og;o.

V. D. Uncertainty and Data Gaps
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Uncertainty arises from the aosence of information or availability of limited information. In our
probabilistic modd satistica distributions are used to represent the uncertainty of the
information used in the modd. We express the uncertainty of the fina risk estimates generated
from the moded using a mathematica mean (average) of exposure in IDsp units and the 5% and
95% confidence intervals for each estimate. The uncertainty for the risk estimates generated
from by this FX1 risk assessment modd is sgnificant and decision makers should use the results
with caution. In the future, additiond research and information may be subgtituted for
assumptions or used to improve estimates for the individua parameters and ultimately improve
the precision of the find risk estimates generated by the modd!.

Even congdering the associated uncertainty of estimated risks, risk assessment provides a best
esimate of risk based on the current and known information. 1t is till auseful tool that informs
the science-based decision making process. It can identify data gaps and research priorities
where additiond research and information would have the grestest impact on enhancing the find
risk estimates. Results from the sengtivity andyssin Section IV.C. indicated that the risk
assessment results are highly dependent upon

?? Edimaion of the prevalence of vCID in the U.K., and in turn, the parameter for

vCJID donations per plasma pool (Dycip ), and
?? Log reduction of vCID agent (R..) during the manufacturing process

Improved data and surveillance studies on the estimated vCID prevaence in the U.K. would
enhance the precision of the estimated number of incubating donors thet would contribute to a
plasmapool. Datafrom laboratory studies could improve the estimate of the reduction of vCID
during manufacturing. The modeled estimates were based upon leves of reduction seen for a
manufacturing step that was Smilar in some but not al respects to that used for FXI.

No data are available on the levd of infectious units or IDsg units present in the bloodstream of
vCID infected individuas a the time of blood donation. The mode extrapolates an estimate of
the level of vCID agent that might be present in human blood based on data from severd animd
modeds. However, the presence and leve of agent present in an infected individua at the time of
blood donation could differ from our assumption and this adds to the uncertainty of the risk
assessment outcomes.

The modd estimates exposure to the vCID agent in the form of intravenous IDsp units. Dataare
not available to estimate the probability of various clinica outcomes, such asinfection or illness
that might be predicted to arise from exposure to a particular level of agent. Therefore, we did
not estimate a probability of infection or illnessin our model. However, a meaningful dose-
response mode will need to be generated for vCID exposure in humans to estimate the
probability of adverse clinica outcomes for humans. Until then, estimates of the probability of
vCID infection or illness arising from exposure to the agent are extremely uncertain and should
be viewed with caution.

IV. E. Conclusions
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Potentia exposure to vCID agent present in Factor XI manufactured in the U.K.. and used during
investigationd sudiesin the U.S. from 1989 to 1997 was estimated in this probabilitic risk
assessment.

Although no U.K .-manufactured FXI product distributed in the U.S. during the 1990sis known
to have been manufactured from “implicated” batches that contained donations from an
individua(s) later diagnosed with vCID, it ispossble that FXI product manufactured from U K.
plasmain the 1990s may have been manufactured from plasma pools that contained a plasma
donation(s) from an individua that wasincubating vCID. To date, no recipients of plasma
derivativesin the U.K. or dsawhere have been diagnosed with vCID. However, given the
potentialy prolonged incubation times for human TSEs, it is till theoreticaly possible that such
transmissions occurred are yet to be identified.
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Appendix A

Summary of Model Components

Variable name | nput Numerical input /
output
A. Total intravenous vCJD infectivity (i.v.
IDso ) per plasma pool
Inputs
Al Probability individual hasvCJD in U K. Pycio 1/4,225
population (5% Cl=1/1452)
(95% Cl = 1/ 20,280)
A.2 Total number of donations per pool Dt 20,000 donations
Triangular distribution
A3 Total number of vCJD donations per pool Dycio Minimum = O donations
Most likely = 2 donations
(Mean ~5)
Maximum = 14 donations
Ada Amount of recovered plasma per donation Dy 200 mls
A.4.b. | Infectivity of vCJD ininfected blood per ml Iy Trianqular distribution
Minimum = 0.11Dsq
MOgllkely: 101Dsgq
Maximum =1,0001Dsq
Ad.c. Percentage infectivity in plasma (I Dso/ml) Vot-perc 58%
Ade. Adjustment for intravenous route of infection | Ajc.iv Uniform distribution
Minimum =5
Maximum =10
Outputs
A.4d. Total infectivity (or i.c.IDsp) per vCID Ip=DyXlp X lpi-perc
donation
A5, Total i.v. IDsg per plasma pool of 20,000 Tiv-pool =Dvcan X Ip
donors Aic-iv
Summary of output at this point in the model:

Tiv—pool =DycipX DyXly X |p|—perc

Aiciv
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B. Total i.v. IDsp per vial after processing/
production of Factor XI
Inputs
B.la Weight of starting product Wy 5,000 kg
B.1.b. Portion removed and used to extract Factor | Wy, 800kg
Xl
B.1. Percentage of pool in manufacture Factor Xl | Ryey, = Wy, Wy 0.16
B.2. Log reduction in 1Dsgs during processing RLog Triangular distribution
Minimum =0logo
Most likely = 210g19
Maximum =41l0g;q
B4a Yield of Factor Xl per kg of plasma Yt-kg Uniform distribution
Minimum =150iukg
Maximum =180 iukg
B.5. Vial sizeor #iu per vial Viu 1,000iu
Outputs
B.3. Total IDsg in Factor X1 post-processing lop= liv-pool X Rw X 1/R(og
B.4. Total yield of Factor XI from plasma pool Yir =Wm X Yiig
B.6. Total number vials and vial size produced Vi = Y /| Vi
B.7. Total IDsg per vial lvia = lpp ! V71
Summary of output at this point in the model:
DVCJDX DVleI X Ipl-perc
lvia = Rw X 1/RLog W x Yt kg / Viu)
Aic-iv
B. Total Utilization of Factor XI
Inputs
Cla Prior to major Surgery - dose 50 iu/kg given | Dpre 50 wkg
C.lb. Post-surgical maintenance of dose 50 iu/kg | Dpogt 50 u/kg
given every 2 - 3 days
Output
Clc. Total Utilization of Factor XI D1y =Dpre + Dpogt

24




DRAFT

Appendix B

Summary of Model Assumptions

Section Variable and description Assumptions used in the model

1. Not applicable The probability of at least one donation from a
vCJD-infected individual being present in a plasma
pool used to manufacture Factor XI inthe UK. is
nearly 100%.

1AL P.cip - Probability individual | Anaverage prevalence of vCID inthe UK.
hasvCJD in UK. populati on popul ation was assumed to be 1 in 4,225.

1. A.2. DTpOO| - Total number of vCJD | Production of Factor XI included the pooling of
donations per pool plasma donations recovered from whole blood

from approximately 20,000 donations

[I1.A.3.a. | Dy - Amount of recovered The model assumes that approximately 200
plasma per donation milliliters (mls) of plasma can be separated away

from the blood cells.

I11.A.3b. lp - |nfectivity of vCJD (or Whole blood collected from avCJID-infected
i.c.IDs0S) present in infected individual potentially carries aminimum o_f 0.li.c.
blood per ml IDso per ml, amo_st likely of arnqunt of 10i.c. IDgg

per ml, and amaximum of 1,000i.c. IDsq per ml.

1. A.3.C. Ipi perc - Percentage The model uses the more conservative of the two
infectivity associated with outcomes an_d assumes that 58% of infectivity is
plasma (i.c.I Dso/ml) associated with plasma.

1. A.3.d. Ip - Total infectivity (or One D5y is the amount of material containing
i.c.IDsg) per vCJID recovered infegtiogs agent that ha_s a5Q% probability qf
plasma donation causing infection in an individual or population.

I111. A.3e. Aiciv - Adj ustment for Exposure to infectivity by thei.v. route is between
intravenous route of infection 5 and 10 times | ess efficient at causing infection

than introduction viathe intracerebral route.

[11.B.1. Rwy - Percentage of pool Approximately 16% of starting plasma material
used to manufacture Factor X| | from 20,000 donations was used in the

manufacture of FXI.

I11.B.1a Ws - Wel ght of starti ng Weight of starting product is represented in the
product model by a single value point estimate of 5,000 kg.

I11.B.1.b. Wm - 800kg portion removed | 800 kg of material was removed and used to
and used to extract Factor X| | Produce Factor XI.

Processing reduction is represented by atriangular
statistical distribution representing areduction in
IDsgs during processing of (0, 2,4) Logig i.v.

o IDso/ml (minimum, most likely, and maximum).

111.B.2 Rng - Log re_dUCtlon inIDsoS [ The model assumes that infectivity is reduced but

T during processing not entirely eliminated from plasmaand the
product during processing. Therefore, although
the amount of 1Dsq vCJD agent may be reduced the
percentage of pools and vials containing the agent
still remains the same.

111.B.4. Yir - Total yield of Factor XI | Theyield of FXI per kg plasmawas approximately

from plasma pool

150 to 180 units, subsequently the model estimates
thetotal yield of Factor XI as 120,000 to 144,000
units per batch of 800 kg starting material. FXI
was distributed in vials of 1,000 units each.
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