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predicting the potential vCID infection risk for HA patients who use US manufactured human
pdEVIIL However, as further scientific information and data become available in the future, the
uncertainty in the model may decrease and the ‘estimates of vCID risk for recipients of pdFVIII
may become more precise.

Evaluatmg the total VCJD mfectmn risk for the severe HA populatmn 0f'1,800 by sumrmng the
total annual exposure (at the higher vCID Infection prevalence estimated), the model predicts that
the populatxon would use a total average of approximately 243 million IU FVIIL. If the patient
population used product that attained a clearance of 7-9 logjo and assiming the lower prevalence
the model predicts that for the total patient population the mean total annual risk would be 1 case
in 1.6 million years representing a negligible vCID risk that would likely not give rise to new
cases of the disease. At the other end of the spectrum at the 2-3 logio ‘clearance level and the
higher prevalence the model predicts a mean of approximately 13 vCID infections per year
(Table 5:3.B.) for the patient population.

V. D. Sensitivity analysis

Sensitivity analysis is used to identify the input parameter or parameters that have the greatest
impact on the risk estimates generated by the model and are done by varying the values of key
input parameters and evaluating the effect on.the final risk estimate. Qur goal in doing these
analyses was to identify the key input parameters that have the greatest inflnence on annual
exposure to the vCID agent. The mode} was examined and candidate variables for the sensitivity
analysis were chosen from the model that exhibited the largest potential for variability and/or
uncertainty and those values are listed in Table 5-7. Importance analys13 isa type of sensitivity
analysis. Qur unpo:tance analy51s nsed two values, one at the minimum or 5™ percentile value
and one at the maximum or 95" percentile value to provide a reasonable estimate of impact across
the range tested. The results from the importance analysis are displayed as tornado plots (Figures
2.A., 2.B. and 2.C.), which graphically shows the relative influence of each input parameter -
evaluated on the final model estimates. The most influential factors are displayed at the top of the
plot and those that are least influential or those with negative influence on the risk are at the
bottom of the plot.

For the FVIII risk assessment the output being monitored in the sensitivity and importance
analyses was annual exposure (Iy,) to vCJID agent quantified in i.v.IDs units. The sensitivity and
importance analysis were conducted using the HA patient population on prophylaxis treatment
regimens with inhibitor and being treated for immune tolerance as the example population used to
do the analyses. This population displayed the largest mean usage and the widest range in

product utilization. We assumed that the sensitivity and importance analysis results are
representative of all the HA and vWD patient populations included in our study since ail of the
populations were assumed to differ only by the total average quantity of pdF VIII utilized per
year. .

The importance analysis was performed for each variable by doing two sets of simulations, each
with 5,000 1terat10ns For each set of simulations the value of one testing variable was set at the
minimum or 5™ percentile value for the input distribution and the simulation run; for the second
run the variable was set at the maximum or 95" percentile value and the simulation run. The
importance analysis was run separately each time using one of the three surveillance estimate
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ranges " The first analysis used a range of 0. 7 to 700 per mllhon, whlch encoimpasses the entire
range for both the HIGI-I and LOW prevalence estimates. The second analyses uised the higher

"' vCID Infecfion preValence estimate of 1 in 4,225 (or 237 pet million) derived from a tissue
surveillance study (Hilton et al 2004). This prevalence was based on the variable (Pycip.surv) in the
model that used data from a tissue survelllance study. To do the sens1t1v1ty analysis we used a 5"
pereentlle value of 49 pér milkion and a 95™ percentile vdlue of 692 per million. The third set of
analyses used the lower vCID Case prevalence estimite of ~1:8 per million based on
ep:demlologlcal modeling from actual vCID: occurrence conducted by Clarke and Ghani (2005).
This prevalence was (PVC]D £pi) based on epidemiologic modelmg and to do the sensitivity
analysis we used as™h perceitile valie of 0.7 per million and a 05" percentile value of 4 per
million. The results of all 51mulahons and the rapking of iput parameters by their importance is
represented graphically using a torado plot shown in Flgures 2.A.,2.B..and 2.C, The tornado
plot-displays the correlations between key inputs in the model and the model output of exposure.
A tornado plot prioritizes the various input factors with the most ‘influential factors at the top and

those that are least influential or those with negative influence on the risk are at the bottém of th: (

plot. -

- “Table 5.4, Input Variables included in Importance Aﬁalysis

1 Description of Nameof | Importance
| variables | input | analysis values
o ‘varigble : '
| Entiré range of " Prevypux | Minimum: . 0.7
.estimated vCID . Maximum: 700
prevalence : .
in UK (cases/million)
High prevalence Previcp- 5% perc: 49
estitnats of VCID in | . yxesuveittaney | 95 pere: 692
- { UK (casés/million) ' : '
1 LowvGID - . Prevycip-uk (epi 5% nerc: 0.7
prevalcnce -in UK . model) 95" perc: 4.0
(cases/nulhon) N
Efficiency of donor Effper Minimum: ~ 85%. _ ( ,
deferral policy Maximum:  99% ' -
-Efficiency of i.c. - Ajeiv Minimum: 0.1
“Versus i route e Maxinmirn; 1.
.| Number of donors .DRposr - | Minimum: - 6500
| per plasma pool . Maxmmm . 360000
Quanhty of i.c. n | Bl perc: . 2 :
: *mi'echwty in 1nfected— E '95"‘ perc: ABO— )
‘| "huniati Blood ' Lo '
. Manufachmpg yield Yy Miniroum:' 120 o -
Of FVII(IUAL . . Maximum: 250 -]
plasma)
Log Manufacture Ry Minimuin: 2
Reducnon of vCJD . Maximum: , 9 .
. _agglt - . . s ‘ ,
FVHI ised per year .| TUy - 5® perc: 10000
[ (Wryear) - . T 195" perc: 4000000
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Sensitivity analysis is used to study the quantitative relationship between the input variables and
risk output. Same as in importance analysis, output to be monitored in sensitivity analysis is
annual exposure (Iy;) to vCID of young HA patients under prophylaxis treatment with inhibitor
and immune tolerance treatment, Sensnlvxty analysis for an input variable consists of multipie
simulations. In each simulation the testing input variable is fixed at one value within the input
range. Results of sen31t1vzty analysis are prcscnted on}y for the most important input variables,
which were identified by the rankmg provided by thie importance analysm

Fig 2. A. Importance Analysis ranking influential factors for predicted annual vCJD
exposure-(Iy,) using prevalence estimate encompassing the range of values for both high and
low prevalence from 0.7 to 700 vCJD cases per million UK population, Tomado chart
showing impact of input variables on estimated annual exposure of severe HA patient with
prophylaxis, inhibitor and immune tolerance treatment

- ‘A. Analysis with Inputs Encompassing Entire
High/l.ow-Range of Prevalence from
0.7 to 700 cases per million

Log Manufaciure Reduction vCJD Agent -
FVIIl used per yr {(IUfyr, person)

' ‘Pi;eva!ence UK vCJD (cases/million)
Efiiciency o i.c. versus Lv. route
Quéritity Infectivity in Blood (ID50/ml)
Yield of FVII from plasma (IUIL plasma)

Efficiency of Donor Deferral Policy -

Fig 2. B. FVIl Importance Analysis ranking influential factors for predicted annual vCJID
exposure (Iy) using Tissue Surveillance-based (HIGH) prevalence estimate. Tornado plot
showmg impact of input variables on estimated per treatment course exposure of pdFVIII

rec:pl fents;
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B Analy3|s *uamg lnputs Representmg VaIues for ngh
“Prevalence’ rangmg from -
49 to 692 cases per mllhon

'

- Log Manufaclure Reduction vCJD agent
. FVII[ used per year (Uyr pe:son)
.Prevalence X vCJD (cases/miffion)
Guantity Infectivity In Blood (ic 1D50)
.Efficiency of i.c. versus iy. soute

‘Menufacturing yield PV (UL plasrma)

J

' '..Efficlency of Donor Déferral Porcy ~
.. Number | Donors per plasma pool ) :' -(,

Fig 2. C. FVIII Importance Analysis ranking.influential factors for predicted annual vCJD -
exposure (I,;) using Epi Modeling-based (LOW) prevalence estimate. Tornado piot showing
impact of input variables on.estimated: per tréatment course exposure of pdFVIII recipients.

C. Analysis with inputs Representing Values for Low Prevalence ranglng from 0.7
to 4 cases per million

[ o L G e

FViilused per yr {iUfyr, person)
Log Manufaciure Reduction vCJD Agent
Effidency of 1.c. versus Lv. route

Prevatence UK vCID (cases/million)

Kurmber Donations per pool (DR/pool)
Yiedd of FVIIE from plasma (UL plasma) ( _,"

Efficlency of Donor Defeirsl Policy

+ . .Quanly infectiy in Blood (DS0m)

Some input variables are used multiple times in the original model, for instance each type of
plasma pool (Source or recovered) was modeled on an individual basis. Other examples are pool
size (DRpoot.s and DRpeorr), Vield (Yrvn), quantity of i.c. infectivity in the infected human blood
{Tor) and the reduction of infectivity during manufacturing (Ry,,). In importance analysis and
sensitivity analysis, when these input variables are tested, we assumed that there was no
difference among the pools. When evaluating the impact of a specific variable all other values are
held constant during the simulation. When simulating parameters with multiple values (e.g., size
of recovered plasma pools) all values are the same for the simulation. The magnitude of changes
in risk output associated with changes of input variables are graphed in the tornado chart, which
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represents the relative ranking of the input variables by their impacts on the risk outcoms. The
importance analysis was conducted for three possible ranges.of UK vCID prevalence: one set of
analysis for tonsil survey based estimate, one set for epidemiology model-based estimate and
another set for the two prevalence estimates combined.

. The order of the influence of the specific input factors varies slightly when the importance
analysis is conducted using the three difference prevalence estimates. When a higher prevalence
estimate was used (either the combined prevalence (0.7 to 700 per million) the tornado plots in
Figures 2.A. and 2.B. both show that clearance or Log reduction of the vCID agent (Ry,;) during
the manufacturing process is the dominant factor that influences the annnal exposure or risk for a

* pdFVIII recipient. The importance analysis suggests that changes in the input values for
prevalence used in the analysis can cause some visible changes in the rank order of the influence -
of the various input factors. A change in the rank order of model factors is seen when the lower
prevalence estimate of 0.7 to 4 per million is used (Figure 2. C.). The dominant factor
potentlally driving risk then becomes the quantity of pdFVIII used by a patient.

In our 1mportance ana]y51s the five vanables that had significant influence on the output of the
_ mode] were clearance of i.v. IDsp from pdFVII products, pdFVIII use (IU/yr), UK vCID
prevalence, adjustment for the efficiency of transmission via the i.c. route vs. the 1.v. route, and
the quantity.of i.v.IDsg in blood. Changes in prevalence did cause the variable parameters to
- reassort-and change rank when the different prevalence estimates were used. Overall, however,
they were somewhat similar in asserting their influence on the estimated risk outcome(s), but had
significantly less influence when compared to that of reduction of infectivity during processing
and manufacture. Although these types of sensitivity analysis and tornado plots are often used to
identify influential factors of risk, their use has some limitations. Factors are examined singly or
in isolation so interaction among vanous factors that may influence the risk estimate are not
addressed. -

General comthents on model outputs

The nsk estimations in this section of the nsk assessment.are predicated on the assumption that
there is homogeneous mixing and dispersion of vials from all pools among all donors. In reality,
vials may not be dispensed homogeneously and it is likely that patients draw from only one or a
few manufactured lots of pdFVIII product in a given year. FDA did not have data to model this
non-homogeneous dispensing of pdFVII but the model can be used to estimate the average
maximal level of i.v. IDs, exposure if on a very rare chance all vials used by a patient in a given
year happened to contain vCID agcnt

V. E. Uncertaihty and-DatéGaps

' Uncertamty arises from the absence of mfonnatlon or avallablhty of limited information. In our
probabilistic model statistical distributions are used, where possible, to represent the uncertainty
of much of the information nsed in the model. There are uncertainties in the information and the
model that we were unable to quaintify and that are not represented in the final risk estimates. -
Some of the difficult to quantify uncertainties are associated with the extrapolation of a human
dose-response relationship based on animal data, an assumed linear dose response with no
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uniertainty or vanablhty bounds and assumption of mfectmty in the last 50% of the incubation
period. We express the uncertainty of the final risk estimates generated from the model using a
‘mathematical mean (average) of exposure in D35, units and the 5™ and 95™ percentlles which
represent the 90% confidence interval for each estimate. Thé uncertainty for the risk estimates
generated by this FVII risk assessment model is significant and decision makers should use the
results with caution. Similarly,'patients and physicians should understand that the uncertainties
"are too preat at this time to determine the preserice, dbsénce or degree of actual risk. In the future,
additional research and information may be substituted for assumptions or used to improve
estimates for the individual parameters and ultimately i 1mprove the precision of the ﬁnal risk
estimates generated by the model. " :

Even considering the assoclated uncertamty of estimated nsks nsk assessment provides an
estimate of risk based on the current and known information. 1t is still a useful tool that can
inform the science-based decision making process. It can identify data gaps and research
priorities where additional research and information would have the greatest impact on enhancin
the final risk estimates. The sensitivity analysis resuls in Section IV.C. indicated that the risk
assessment results are highly dépendent upon log reduction of vCID agent (Ry,,) during the
manufacturing process. The modeled estimates were based upon levels of reduction seen for
manufacturing steps of several different types of plasma-derived products that were similar in
some but not all respects to those used in the manufacture of FVIII prodiicts. More high quality
data on the levels of vCID agent clearance achieved during the pdFVIII manufactuiing would
likely improve the final risk estimate generated by the FDA model. Given the lack of data on
vCJID agent clearance for pdFVII uncertamty is 00ns1derab1e .

Better information on when infectivity is present in -'human blood during the incubation period is a
critical factor in the model, especially if the higher vCID infection prevalence estimate (of 1 in
4,225) is in the range of the actual vCJID prevalence, and would improve predictions generated by
the model. There are no data available on the level of infectious units or ID'sp units present in the
bloodstreamn of vCJD infected individuals at.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
several animal models. However, the presence and level of agent present in an infected

individual at the time of blood donation could-differ from our assumption and this'adds tothe -~
uncertainty of the nsk assessment outcomes. ( L

The model: esumates exposure to the vCID ‘agent in the form of intravenous IDsg units. Data are
not available to estimate the probability of various clinical outcomes, such as infection or illness
that might be predicted to arise from exposure to a particular level of agent. . Although we did
estimate-a-probability-of-infection in our model, the uncertainty associated with the estimate is
considerable. However, a meaningful dose-response model would need to be generated for vCID
exposure in humans to {improve estimates of the probability of adverse clinical cutcomes for-
bumans. The type of data needed to generate a dose-response model-that would improve the
quality of TSE risk assessment predictions would necessitate injection of groups of animals at
several different concentrations of IDsy, including low doses below. 1 IDsg-using a protocol that
mnmcs transfusion transmission of vCID in humans. ‘Both infection-and duration of the
_mcubatlon periods at several dlfferent i.v. IDsp concentrations would be useful endpoints for
developing informative dose—response relationships. Given the state of the current TSE science,
estimates of the probability of vCJID infection or iliness arising from exposure to the vCJD agent
are still extremely uncertain. Nevertheless risk assessment is a tool that-provides insight into
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Jimportant factors where additional research is needed into production processes, tools, or
astrateg1es that may further reduce vCID risks and advance product safety for patrents

_ The manufacturing processes for deVIII are hrghly variéd - therefore, any potential clearance of
. the.yCID agent during productron is likely variable and dependent upon the spetific steps nsed to
, produce the final product For example the tcchmques applied in ﬁ'actronatron process vary from
manufacture to manufacture mcludmg the sizes of plasma pools used for producmg pdFVII, the
yield 6f products, and the reduction of 1nfect1v1ty during processmg varies within a limited range
from batch to batch. In addition the utilization of pdFVII] varies from individual to individual.
This risk assessment consjders the typical production and utilization. Uncertainty from the model
should be. apprecrated Human plasma-derrved FVHIis typlcally prepared thiough successive
steps « of large scale fractxonatlon during the manufacturmg process. Cryoprempltatron is the first
and a common step in preparatlon of deVHI Afterward, cryoprecrprtate undergoes further
ﬁactlonatlon procedures such as precipitation, absorption/desorption, 10n exchafge and filtration
o yield intermediate purity FVIL, I
H In certain cases some hospitals miay prepare small amount of
cryoprecipitate, FVII from small plasma pools (1-8 donations/pool) for special treatment
purposes. Prellmmary nsk aSsessment results indjcated that the risk that vCID would be
transmitted through cryoprecrprtated AHF s relatWely low due to the small size of plasma pool
“and small numbers of donors involved. This risk assessment uses 3 ranges of possible clearance
of vCID agent ﬁorn deVIH of 23 logw, 4—6 logio, and 7-9 log;o to cover the possible ranges for
all pdFVII products presently in the marketplace

General comments on mode] outputs

_The risk estimations in this section of the risk assessment are predicated on the assumption that
there is homogeneous mixing and dispersion of vials from all pools among all donors. In reality,
vials may not be dispensed homogeneously and it is likely that patients draw from only one or a
few manufactured lots of pdFVIII product in a given year. FDA did not have data to model this
non-homogeneous dispensing of pdFVIII but the model can be used to estimate the average
maximal level of i.v. IDsy exposure if on a very rare chance all vials used by a patient in a given
year happened to contain vCJD agent. :

Y. F. Conclusions
Results from the FDA pdFVIII risk assessment model suggest that the risk of vCID infection

from US manufactured pdFVIII generally appears likely to be very low, but may not be zero. For
US plasma donors, the major source of vCID risk is dietary exposure during travel and/or_-.

residency in the UK, France, or other countries in Enrope since 1980. Although donor deferral
criteria in place since 1999 have reduced the risk of donation by exposed persons some are not
deferred and potentially may donate plasma that contains the vCID agent. However, the model
suggests that the likelihood of a vCID contaminated plasma pool is low.

Manufacturing processes for human pdFVIII products likely reduce the quantity of vCID agent, if
present, but the level of reduction through manufacturing steps is not precisely known.
Clearance of TSE agents in manufacturing appears to vary among products, but has not been
- measured in standardized studies which might allow more meaningful direct comparisons. Based
on currently available experimental studies, it is estimated that pdFVIII products potentially have
: 67 '
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4 logio (or 10 000° fold) or greater manufactunng process reductmn of the VCJD agent Assuming
2 4-6 logyp manifactiifing process reduction, the modeling prédicts that the potential risk per
person per year for patients with severe HA using pdF VIII ranges from1 in 15,000 for the higher
vCID prevalence éstimate and thh ‘product usageto1in9.4 nulllon for the Tower ¥CID
prevalence estnnate and low product usage. Due to the W1de range “of methods used for cIearauce
thrs tune to determme w1th auy certamty ifa spec1ﬁc product may be less or moré safe than
another

Althoughresuits of the model suggest exposure to vCID agent is posmble, and there is a potential
risk of 1nfect10n that is lrkely to be very low, it is not p0531b1e forthe model to provide a precise
estlmate of the vCID risk in general, or of the actval risk to'individual patlents Although the
actual nsk is highly unoertam the risk assessment model indicatesthat the most important factors
affectmg nsk_are the glearance of the yCID. agent though manufact‘unng steps how much product
n e'vC.T.D prevalence in‘the UK donor populatlon S A C
“ st e S -

In cons:dermg the results of thé risk assessment it is important to note that fo date we are not
aware of any cases of VCJID having been reported worldwide in patzents receiving plasma-
derived products, mcludmg pAFVIIL." This includes | patzents receiving large amounts of other

' proa'ucts manufactured from UK plasma donations over a lohg’ ‘period of time. This observation
suggests that the actuil risk of vCID infection from' pdRVIII is likely to be very low. The absence
of cases does not rule out the possibility of exposure that could potentially result in iliness in
some recipients at some future point in time.
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