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Most likely value = 10, 95" percentile = 30, and Maximum value= 1,000 i.v. IDsp, Given
the possible parameters, statistical distributions were fitted to the selected parameters using
Best Fit part of the @Risk Professional software package (Palisade Corporation, New
York). Using the soﬁware we determined that a log normal statistical distribution of (2, 12,
30) i.c. IDsp/ml (5 percen‘ule most hkely, and 95"‘ percentrle) with minimum and
maximum of 0.1 and 1,000, respectxvely, provided the best fit.

Conclusxons from several research groups arnve at somewhat smular estlmates for the
quantity of mfectwrty that mrght be present in the whole blood of mice and hamsters.
Using a mouse model and human CJD Brown ef al (1999) found a range from 0.5 to 15
mouse i.c. IU per ml which we assumed to be roughly eqmvalent to 1.to 30i.c. IDs

. (assuming a linear dose-response for infectivity). An infectious unit is the quantity of

. infectivity associated with a 100% probability of 1nfect10n in recrplents and roughly

. equates to two IDso units (1 IU = 2 IDsp). Brown et al (1998, 1999) conducted experiments
to determine the infectivity of buffy coat material and plasma but not red blood cells.
Assuming that red blood cells retain approximately 25% of the infectxvrty of whole blood,
then the infectivity present in whole blood could be estimated to be in the range of
approxmately 101.c. IDso and 20 .c. IDso per ml. Cervenakova et al (2003) found levels as
high as 20 — 30 infectious doses per ml (40-60i.c. IDsq, per ml) associated with buffy coat
and plasma during incubating and symptomatic stages of the disease. Red blood cells 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 individual blood
components would generate a titer for whole blood of approximately 2 to 20 i.c. IDs¢/ml.
Summarizing the above literature it seems that the range of reported values for infectivity
ranged from 0.5 to as high as 30 i.c. IDsp with the possibility that at times the infectivity

... present in blood may exceed this range. - :

Assumption used in the model: Whole blood collected from a vCID-infected individual
can vary from person to person in the quantity of infectivity it contains. The model used a
log norrial statistical distribution to represent thie variability and uncertainty of the quantity
of mfectmty inblood. It was assumed that whole blood from an infected person
potentially carties a mxmmum of 0. 1 i.c. IDsp per ml, a 5™ percentlle of 2 i.c. IDso perml, a
medium of 12 i.c. IDsp per ml, a 95™ percentr]e of 30 i.c. IDso per ml and 2 maximum of
1,0007.c. IDso per ml. Attempts to 1dent1fy vCID mfectrv1ty titers in human blood have not
been successful, but the assay sensmwty for vCJD in vitro and in anima] models is limited
(Bruce et al 2001 and Wadsworth ez al 2001). Wadsworth et al estlmated a lumt of
sensitivity of about 1,000 IDsy/ml by their assay meaning that infected blood containing
less than 1,000 IDsy would not have elicited infection or disease in their animal model,
hence infectivity would not have been detected(Wadsworth, 2001).

IV.E.1. Quantity of vCID agent present in a donatlon ofa speclﬁc donor
‘potentially infected with vCJD :

This section of nsk assessment estimated quantity of vCJD agent in each vCID plasma
pool that may be used to make pdFVIIl. Quantity of infectious agent present in plasma
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“pools may vary depending on number of mfected donatxons in the pool and the volume of
each infected donation. -

Variable: 1; — Represents the i.c. IDsg present in the blood of individual infected donor
(IDsp/ml) in the last half of the incubation period of vCJD

Assumption used in the model: Whole blood collected from a vCJD-infected individual
can vary from person to person in the quantity of infectivity it contains. The model used a

. log normal statistical distribution to represent the variability and uncertainty of the quantity
of infectivity in blood. It was assumed that whole blood from an infected person
potentially carries a minirhum of 0. 1 i.c. IDsg per ml, a 5 percentile of 2i.c. IDsp perml, a
median of 12 i.c. TDsp perm], a 95t percentile of 30 i.c. IDsp per ml and a maximum of
1,000 i.c. IDsp per ml. Attempts to identify vCID infectivity titers in human blood have
not been successful, but the assay sensitivity for vCJID in vitro and in animal models is
limited (Bruce et al 2001 and Wadsworth ef al 2001). Wadsworth et al estimated a limit of
sensitivity of about 1,000 IDs¢/m! by their assay meaning that infected blood containing
less than 1,000 IDso would not have elicited infection or disease in their animal model,
hence infectivity would not have been detected (Wadsworth, 2001).
Vanable. I,,,_,,m— Percent (%) 1.v. IDsos assoc1ated w1th plasma

Studres n ammal models have shown that greater than 50% of transmissible spongiform

encephalopathy agent present in whole blood is associated with plasma. Experiments by

Gregori et al. (2004) using a hamster — sheep scrapie model showed that approximately
58% of infectivity in whole blood is assocrated with plasma.

Assumption used in the model: The model assumes that 58% of infectivity is associated
w1th plasma.

Studies with mouse-adapted scrapie agent suggest that the i.v. route of administration is
approximately 10 times less efficient in causing infection than the intracerebral route
(Kimberlin ef al 1996). Brown et al (1999) used a mouse-adapted human TSE agent to
show that i.v. injection of plasma was about seven times. less efﬁcxent and i.v. injection of
buffy coat approxlmately 5 times less, efﬁcxent than were i.c. moculatlons of the same
materials in transmitting infection. Based on discussion and advice from the FDA
Transmissible Spongiform Encephalopatlues Advisory Committee (TSEAC, 2005) the
range of efficiency of the i.v. route (versus the i.c. route) was assumed in the model to
range between the values of 1 and 10

Assumptmn used in the mode] Exposure to mfect1v1ty by the i.v. route is between 1 and
10 times less efficient at causing infection than introduction via the intracerebral route.
Using a value of 1 for the ratio of the lower bound of the efficiency is a conservative
estimate and assumes that theoretlcally there would be no difference between the efficiency
in initiating infection between the i.c. and i.v. routes
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IV.E. 2. Quantity of vCJD agent in a plasma pool containing a donation
from donor potentially infected with vCJD.

The quantity of vCJD agent potentially present in a donation from a US donor infected with
vCID will be diluted out in a plasma pool among plasma from thousands of other
donations. This section calculates the quantity of agent potentially present in a plasma pool
potentially containing a donation that contained vCID agent.

A'ssun_xgﬁon used in the model: We assumed only one infected donor per plasma pool,

because based on the calculation in section IV. C. 5. the prevalence of vCID in the US is

very low and the chance a pool involves multiple donations from vCJID infected donors is
small. '

Variable: DNpg~ Number of donations from an infected plasma donor, which varies
based on type of plasma donated.

Assumption used in the model: We aésumed individual infected Source Plasma donor
most likely give]'d’onations 10 a pool, with minimum of 1, maximum of 12 donations.
Individual infected recovered plasma donors most likely give only one donation to a pool.

Variable: Ip,,- Initial infectivity in an infected plasma pool is represented by the
equation: ‘

Ipoot =1py X DNy (IV.E2-1)

Module 3: Reduction in the quantity of vCJD agent during manufacture of
pdFVIII

The plasma separated from whole blood is a protein rich, straw-colored liquid that contains
FVIII, a number of other clotting factors, immune globulins, serum albumin and a number
of other proteins. Individual proteins, such as FVII, can be purified by dividing or
fractionating the plasma into its various protein components. Fractionation steps may
include alcohol precipitation, size exclusion, affinity chromatography, etc. The quantity of
vCJD agent present in plasma-derived products may be reduced through removal of the
agent during the fractionation process. Although the quantity of agent may be significantly
reduced, it may not be entirely eliminated.

Common viral inactivation procedures such as heating, solvent-detergent treatment, and
UV irradiation have little effect on the quantity of TSE infectivity present in plasma and
plasma derivatives. However, several research studies suggest that TSE infectivity in’
plasma may be partially removed during the fractionation process. The plasma
fractionation procedures, which may remove vCJD infectivity, are summarized in Table
4.6. (Lee et al. 2000; Stenland et al. 2002; Foster 2004; Foster, et al. 2004).
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For a spécific pdFVII product, usually only one or two processing steps have been studied
for potential reduction of infectivity. Experimental desigris.of these studies arenot
standardized; therefore, study results are not directly comparable. In order to achieve a high
concentration of vCJD infectivity in initial materials, many studies used vCJD infected
brain homo genate as spiking material, which may not.mimic the physical form'’ of
mfectlous agent in the blood. Cons1denng the uncertainty in the degree of reductlon that
can be achieved during various pdFVIII manufacturing processes, this risk assessment
models three levels of potent1a1 reductlon in infectivity, 2-3 logo, 4-6 logm and 7-9 logm

Table 4 6 Reductlon factor (RF) of fractlonatlon procedures

Fractmnauon _ . | RF References
Procedures | (logio ID5Q
Cryoseparation 0-1 (Foster et al 2000 Farrugia 2002 Lee et al 2002)
General fractionation : |
3% PEG 1-3 (Farrugla 2002; Lee et al 2002) Y
11.5% PEG 2-4 (Farrugia 2002)
Zn+Al(OH), | 1.7 (Foster et al 2000) . :
Jon exchange 2.7-3.5 {(Foster et al 2000; Cervenakova et al 2002)
e ' f (Foster et al 2000)
Membrane filtration | 1
Immunopurification 4.4-6.3 | (Foster, Welch et al 2000; Cervenakova et al 2002)

IV.E. 3. Model results: Estimates of the per vial vCJD infection risk for
US manufactured pdFVIII ~(Module 3)

Thc mean potentlal nsk of vVCID mfectlon per 1 000 IU vial of US manufactured de VIII 8 3
is shown in Table 4.7. 'I'he mean potcrmal per v1a1 vCIDr nsk per year is a function of two
factors:
1) Percentage of pdFVII vials containing vCJD agent and,
* 2) Quantity of agent (i.v. IDso) present in each vial. '

If vCJD agent were present in US plasma pools, the risk assessment model assumed that
the quantity of agent was likely reduced by manufacturing processes used to produce
purified pdFVIIL. Based on currently available expenmental stidies; it is estimated that
pdFVIII products poteritially have 4 logq (or 10,000 fold) or greater manufacturmg process
reduction of the vCJD agent. Table 4.7 shows potential risks associated with products -
attaining a 4-6 log;g level of reduction during manufacture. Results are shown only for
1,000 IU vials but the model assumned that the final purified pdFVIII product was packaged
- with equal likelihood into vial sizes of 250, 500, 1,000 and 1,500 international units (IU).
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Per vial vCID risk: Results based on lower epidemiological model estimated prevalence of
~1.8 in 1,000,000 (Clarke and Ghani, 2005)._The per vial risk provides an estimate of the
potential vCJD infection risk for a 1,000 IU vial of pdFVIII product manufactured from
plasma collected from US donors. The model generated estimates of per vial risk using the
lower prevalence estimate (based on Clarke and Ghani 2005) and results are shown in
Table 4.7. Based on the lower prevalence estimate the average percent of plasma pools
containing the vCJD agent is estimated to be 0.027%. Assuming a clearance of 4-6 logio
the model estimates that the average quantity of i.v. IDsp per vial is 3.59 x 107 for vials
produced from a contaminated pool. This result can be interpreted to mean that only 1 in
55,710 vials made from a contaminated pool would contain an infectious dose of vCID.

, Combmmg these estimates yields an average risk per vial of 1 in 210 million.
Alternatively, this could be taken to mean that a patient would need to infuse 210 million
vials of product before accumulating one full infectious dose of vCID.

At this lower prevalence estimate, there is a lower probability that plasma pools contain a
donation from a donor potentially infected with vCID, and-a pdFVIII vial would be much
less likely to contain vCID agerit. Although the probability (0.027%) is lower, the mean
quantity of vCJD agent (iv IDso) and risk of exposure to vCJD agent (1 in 55,710) per vial
derived from a pool containing a single vCID donation would likely be unaffected by
prevalence Readers may notice that the 5™ and 95" percentile intervals for all of the model
outputs using the lower prevalence éstimate (~1.8 per mxlhon) are from 0 to 0, meaning
that the chance of an infected donor donating to a plasma pool would be an infrequent
event. Greater than 99% of the time (on average) the model estimates the risk to be zero
because vCJD agent was not present in pdFVIII product used during treatment. Again, the
model predJets that, on average, 0.027% of the time the exposure to vCID may be greater
than zero.

Per vial vCJID risk: Results based on higher surveillance prevalence estimate of 1 in 4,225
(Hilton, et al 2004). The per vial risk provides an estimate of the potential vCID infection
risk for a 1,000 TU vial of pdFVIII product manufactured from plasma collected from US
donors. The model generated estimates of per vial risk using the higher prevalence estimate
(Hilton, et al 2004) and results are shown in Table 4.7. Using the higher prevalence
estimate the average percent of plasma pools containing the vCJD agent is estimated to be
2.41%. Assuming a clearance of 4-6 log;o the model estlmates that the average quantity of
i.v. IDsg per vial is 3.59 x 10” for vials. produced from a contaminated pool. This result can
be interpreted to mean that only 1 in 55,710 vials made from a contaminated pool would
contain an infectious dose of vCJID. Combmmg these estimates yields an average risk per

. vial of 1 in 2.3 million. Alternatively, this could be taken to mean that a patient would
need to infuse 2.3 million vials of product before accumulating one full infectious dose of
vCJD. Again, although the probability (2.41%) is higher at the higher prevalence, the mean
quantity of vCJD agent (iv IDs) and risk of exposure to vCJD agent (1 in 55,710) per vial
derived from a pool containing a single vCJD donation would likely be unaffected by
prevalence.
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Table 4.7 Annual Predicted per Vial vCJD Infection Risk for US Manufactured
pdFVIII from Model:

o Results for 1,000 IU vial

“»  Assumed manufacturing process reduction of 4-6 log,o , and
» Two different UK vCID prevalence estimates.

Mean potential annual per vial vCJID risk — the risk of potential vCJD Infection based on animal mode! dose-resp:
vCJDdsk - PereullaoeviolsudtthJDaaenlx nunqusnmylvlo.opuyw x OS(SO%d\nnoewecuonlromlDu)

ﬁlaldsﬁnememngeolvduummumﬁwsoﬁ fid
mamnnskmusoenemedbyhemodelshmldldlmlﬁnlﬂsdeﬁmdlﬂuulalleasl%dlmnme

ms“ss"porc feentiles) are the minimom end f

4 - 6 Logs Reduction:
' Model Output for ' “"Model Output for
LOWER vCJD Case Prevalence estimate of HIGHER vCJD infection Prevalence based on
~1.8 in 1,000,000 estimate of
-based on 1in4, 225
Clark and Ghani ( 2005) by Hilton, et al (2004)
Percentage Mean potentlal Percentag R Mean* potentla )
;'ys:m“)af FViil vidls with Q“’Lpi‘f%::gn” pervial - ‘FVit vlal:s w:th Q%::,!D’? o per vial '
Pool vGJD agent . vCJIDrisk®:- . VCJID agent . . vCJDrisk® .
(", 95" perc)® (5"- 95" perc)® (5" 95" parc)® (6" 95"perc)” | (om gsh porcs® (5"- 95" perc)”
. 0.01% " 4.36x10° | 11 ' ° 4,36 x 10°
Source 0.01% =22 11n 453 million G- .2688/:/)‘ FE- | 1in 4.8 million
{451 x 19; - d ° (4
.0 -0%)° 143 100 (©.0) | et {©, 1in 238,000)
: 2:56 x 107 ' : - 0 2. -
Recovered | 0.10 A SRX 1 in 800 million © 9':02 14;%.,) 4 256x10° " 1_° .| 1in 8.6 million
0 - 0% {3.13x107 . — &4U. 13y 107 —
¢ ¥ 8.12 x10%) (.0 812 ); 105 {0.1 in 613,000)
: .3.59x 10°° - 0 3.59x 10°*
Avorageof | 0027 % == | 1in210million 241% S| 1in2.3 million
, 0 8.18x 107 - d —109 8.18x 107 - ’ ‘
allvials | 0-0%" | Comar. . @0 0-10%) | L2 | . 1m155000)
. -
“Mean .v. D In vials containing vCJD aent : )
:n 1Du represents the probability thit 50% of those 410 1 1Dy Intra With vCJD. -

annual

 Infor Mean polential

interval. Accordingly,

i

Fora 5" and 95' pemenule lnlerva! of 0 and 0, respectively, the model estimates that for at lens| 0% of devm re.dplenls the dsk ls zero. Atlow vCJD

by a vCJD Inf
predded {o contain vCJD apent
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IV.F. Estimation of the potential quantity of vCJD agent in pd FVIII
products manufactured from pool(s) potentially containing a vCJD
donation

This section of the risk assessment models each infected plasma pool to estimate the
potential reduction in infectivity for each pool during manufacturing processing, and to
estimate the quantity of any remaining infectivity (I,v, IDsps) in the pdFVIII product made
from cach pool.

The levels of reduction of vCJD agent achieved during manufacturing and processing
varies among the pdF VIII products on the market. To our knowledge; the total level of -
reduction in vCJD agent achieved during manufacturing for any pdFVII product on the
market is not known. However, the levels of TSE clearance and reduction for some of the
individual fractionation steps (or similar steps) used in the manufacture of some pdFVIII
products is known. Based on TSE clearance studies in the published literature-and
manufacturers’ data available to'the FDA, FDA staff believe that the plasma-denved
products currently on the market employ manufacturing processes that achieve a clearance
of vCID agent of 4 log;o or greater in the final pdFVIII product. The FDA model employed
three stratifications of clearance:

s 2-3 logw
. _4 -6 logm
* 7-9logi .

“Each of these levels of clearance was modeled separately. Most of the results are presented
for the 4-6 log;o reduction during manufacture processing in the risk characterization
section (Section V.) of this risk assessment.

Module 4: FVIII utilization and annual exposure
Background. |

Patients with hemophilia A (HA) have an inherited — recessive, sex-linked bleeding
disorder that affects approximately 14,000 individuals in the United States (Soucie et al
1998). FDA estimated that there are approximately 1,800 patients in the US with severe
disease who use plasma-derived products The blood of affected individuals contains
functionally abnormal or abnormally low concentrations of FVIIL FVIil s a protein in
blood plasma that is part of the blood coagulation pathway and is ¢ritical for the normal
clotting of blood. In the case of severe disease, FVIII is <1% of normal. Among severely
affected persons, spontaneous bleedmg or bleeding at the site of an injury or a joint is
common and can lead to severe disability or death without treatment. The comphcatlons of
HA can be prevented by appropriate clinical management and treatment with pdFVII or
recombinant FVII products. .
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Traditionally, HA patients were treated with factor concentrates only when bleeding
occurred, which is called episodic. treatment. Currently, the adoption of a preventative form
of treatment or prophylaxis therapy is increasing. Prophylactic therapy refers to treatment
regimens that seek to prevent bleeding events with regular infusions of clotting factor
concentration. Prophylactic treatment greatly decreases the likelihood of adverse events
such as joint hemorrhage, and eﬁ'ectxvely prevented the development of chronic joint
arthropathy and disability, but requires higher use of FVII product than episodic treatment.

Patients with vWD have an inherited, non-sex lmked bleeding disorder assoclated with
abnormal platelet adhesion caused by deficiency in.von Willebrand Factor (vWF) activity.
FDA estimated that there are approximately 250 patients in the US with severe vWD who
use plasma-derived products. Mucosal bleeding is common in patients with vWD due to

. the platelet adhesion disorder. In some cases there may be a deficiency in FVIII as well.
Patients with severe vWD can experience persistent bleeding into joints resulting in pain,
degeneratlon of joints, swelling and loss of range of motion similar to patients with HA.
Mild forms of vWD are often treated successfully with desmopressin but more severe
forms of the disease. usually necessitate treatment with coagulation factor concentrates that
contain both vWF and FVIIL. Patients who need yWF must use plasma-derived sources of
FVIII which contain vWF. No recombinant vWF is currently available.

IV.G. FVII utilization by HA and vWD patients and potential
exposure to the vCJID agent through use of human pdFVIII

The potential exposure of an individual HA or vWD patient or patient populatlon with
severe disease to the vCJD agent through use of deV IIT was estimated in the model based
on the:

¢ total quantity of pdFVIII used per ycar, and

* potential quantity of vCJD agent predicted in the pdFVIII product.

IV.G. 1. FVIII utilization and potential exposure to the vCID agent
through use of human plasma-derived FVIII by severe HA patients

The quant:ty of deV I utilized by an 1nd1v1dual patlcnt is dependcnt on the sevenly of the
d1sease and the treatment regimen. Plasma—denved FVII utilization and the size of each of
the severe HA clinical treatment subpopulatlons were estimated using data from a Centers
for Disease Control (CDC) sponsored study by 6 states by Hemophlha A patients from
1993-1998. This nsk assessment provides outputs that estimate the annual exposure for
several patlent subpopulatlons with Severe HA disease for patients in the following clinical
treatment groups:

. Prophylax1s No mhlbltor

e Prophylaxis - With inhibitor

* Prophylaxis - With inhibitor and immune tolerance
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¢ Episodic — No inhibitor
o Episodic - With inhibitor

BENE2006-025

Because patients with severe HA iare likely to use higher quantities of pdFVIII product we
reasoned that they would be at potentially greater risk, than those with moderate or mild

hemophilia, if the vCJID agent were present in US manufactured product.

A summary of the utllxzatlon data used for the model are provided in the table below.
Additional technical details of the analysis of FVIII utilization for this populatmn are
described in section A-IV.G. of Appendix A.

Table 4.8. Annual usage of deVIII by individual HA patlents thh severe disease-

-data and input distribution

Input distribution

Treatment .

‘Inhlbitor

(min,

| Regimen Status n max) Mean | 95% CI
H 8 (300, . (21242,
No InhibHor 57 1200000). 157949 282316)
With Inhibitor
N (2000, {26056,
Prophylaxis ~ Noimmune 63 | 800000) 190823 447639)
Tolerance
With Inhibitor
- 82 | (100000, (3323,
With immune 2000000) 558700 1592943)
Tolerance
No
(0, (4633,
inhibitor 845 1 1000000y | 270 | 244858)
Episodic
Wi 150 | (2200, | qe04s8 | (5314,
Inhibitor 1000000) 488908 )
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IV.G. 2. pdFVII utilization and annual exposure of severe von
Willebrand- dlsease patients ,

Thc CDC and six state Hemop}uha Surveillance System prOJect conducted from 1993-1998
did not include patients with vWD. We assumed that vWD patients with severe disease
would largely use Humate P product only for factor replacement treatment. A search of
records in the Hemophilia Surveillance System project data revealed a total of 58 records
that indicated Humate P had been used, among which, 8 records indicates patients had
developed inhibitor, which are considered uncommon among vWD patients and were
excluded from analysis. Among the 58 records, 35 were from Adults (>15 yrs of age) and

. 23 records were from young persons (<15 yrs of age). Records. for each age group were

+ further grouped by clinical freatment using eitlier a prophylaxis or. episodic treatment

. regimen. Data were initially analyzed individually using the statistical package “JMP”
(SAS Institute, Cary, NC) to generate descriptive statistics and statistical distribution(s) for
each patient treatment group that best reflected the variation in pdFVIII utilization. The
Generalized Beta distribution was identified as the best fit to the pd FVIII utilization data
(as determined by using the software Best Fit (Palisade Corp; NY) and was used as the
input distribution for deVIII usage by individual VWD patierits in the model. Graphical
represcntatxons of the original data and the fitted Generalized Beta distributions are shown
in Appendix C. Table 4.9. sumimarizes pdFV HI usage data from CDC sponsored study
and the input distribution generated based on the data. FDA used data in the CDC and six
state Hemophilia Surveillance System project conducted from 1993-1998 to estimate FVIII
utilization by all vWD patxents The data represent only a sample of all possible vWD
patients with severe disease in the US. FDA estimated that there were approxnnately 250
patients in the US with Type 3 vWD. To calculate the total number of patients in each age

group and treatient regimen group we adjusted the 58 patient population to equal a total of

250 patients by multiplying the patient population in each group by a factor of 4.3 (250/58
= ~4.3).-The utilization data for patients in each treatment regimen in the sample
population were used in the risk assessment model to generate outputs for the annual
exposure to vCID for all vWD for Adult (>15 yrs of age) and Young (<15 yrs of age)

persons in the US among clinical treatment groups of prophylaxis and episodic. The FVIII .

utilization data ‘were used to calculate the potential vCJID risk for vWD patients; these
results are shown in Tables 5.2A and 5.2B.
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