By

DISCUSSION:
A. Risk Assessment and Interpretation

Current FDA quantitative risk assessments use probabilistic models and Monte Carlo-based
methods to sample individual values from statistical distributions of model inputs to produce
thousands of theoretically possible individual scenarios that are combined:into a single
distribution describing the range of predicted outcomes for a risk (Vose 2000). The FDA
December 2006 and June 2009 Risk Assessment Models are both i@f@ndéd to estimate the
risk of vCID infection for users of US-licensed pdFVIII as a function of product exposure for
different assumed levels of infectious vCID agent clearance during manufacturing of
pdFVIII under each of two assumed levels of prevalence of vCID infection in the UK .
¢http: //ww'wfda gov/downloads/Biolo glcsB10odVaccmes/SafetyAvaﬂablhty/BIoodSafety/U

- CM095104.pdf;
http:/frww.fda. gov/downloads/Bmlo gicsBloodVaccmes/SafetyAvaabﬂlty/BIoodSafetnyC

. M095106.pdf ). .
First, after consultations with TSEAC, we outlined the successiv_ezsfep‘s involved in'the
manufacture of the product of concern and the events that would need to occur in each step .
for an infectious agent from a donor to reach the final product. The rigk assessment utilizesa
probability-based computer-based simulation model to evaluate successively the irapact on
vCID risk of individual processes used to produce human pdF VIII beginning with plasma

+ donation, vCID infectien prevalence in plasma donors, manufacturing steps, and, finally,
differing levels of utilization of the product by various representative patient subpopulations.

_Input data for parameters used in the model, such as clearance of infectious vCID agent by

. various steps in the manufacturmg process and pdFVIII usage, are represented as statistical
distributions that express the under}ying uncertainties and vaiiability. Each run of the model
randomly samples one number from the distribution for each parameter; this is done

. thousands of times to generate a single distribution representing the final risk estimate that .

* expresses, where possible, the accompanying uncertainty of these risk estimates. A

sensitivity analysis, conducted by varying values of key parameters within the input range of

the model and observing the effect on the predicted ontcomes, determined that three major

factors.in the model greatly influenced potential vCID risk: reduction of the infectious agent .

by the manufacturing process, intensity of deV]II uhhzatlon by the patient, and differing

estimates of disease prevalence in the UK.

One of the most inﬂuential risk assessment parameters for vCJID isthe manufacturing -
process, which may reduce the amount of vCID agent in the final product or even or- -
eliminate it. Because of the uncertainty and variability in the levels of vCID clearance
afforded during the manufacturing process for any pdFVIII product, the model evaluated two
separate categories of reduction in infectivity that the product may have undergone during
manufacmnng mcludmg 4-6 log and 7-9 log reduction. These two categories are meant to

span the possible range of uncertamty and vanablhty in reduction of vCJID agent for US-
licensed pdFVIH prodicis. Based on currently available expenmental studies, FDA believes
that all US-lcensed pdFVIH products probably achieve at least 4 log —fold clearance of

¥CID mfectlvny during manufacture
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Laboratory studies using model TSE agents havc demonstrated reductwn or elunmatlon of
TSE infectivity by certain types of manufacturing steps. Analogous to viral clearance studies,
the capacity of a manufacturing process to clear TSE agents can be inferred from the results
of experiments using validated scaled-down simulations of manufacturing processes and a
well-characterized model TSE agent. FDA has recommended that such studies, 1f submitted
for a Iab eling claun, supply the following information:

_ -

P !“-'

Rationale for animal model selected to assay mfectivity; = . .— _
Well-characterized bioassay for TSE infectivity; S
Ratjonale for selection of spiking preparation containing TSE agent;
‘Characterization of spiking TSE agent;
Demonstratlon of accurately scaled-down manufacturmg processes (ordinarily
cv1denced by producing the desired active product);
Reproduclblhty of experiments; -
Estimated logy; of TSE clearance by processing steps (log reductlon factor [LRF])
" Demonstration of “mass balance” (accounting for fate of all mput infectivity);
Demonstration that mechanistically similar clearance steps_are or are not add1t1ve
: and '
. = Account expenmentally for “conditioning” of infectivity (“matrix” effect) because a
pnor step in the manufacturing process may affect the physmal state of TSE agent and
in tum affect downstream cledrance.

e % @ 9. @

N

In Decemb'er 2006, the TSEAC discussed whether a2 minimumni level of TSE clearance (i6tal
cumulative LRF) demonstrated by laboratory studies could be defined that enhances safety of
plasma-derived products. The concept of a minimum level was agreeable to TSEAC. FDA
proposed a total cumulative LRF of 6 log of clearance, based upon estimation of plasma
infectivity derived from animal studies, results of the FDA 2006 Risk Assessment for -
pdFVIII, and iricluding a margin of safety: However, TSEAC felt that, due to insufficient
scientific certainty regarding the amounts of vCJD infectivity that might be present and the

- physical/chemical characteristics of infectivity in human plasma, it was not wise for FDA to
recommend a firm minimum LRF (as demonstrated in experimental studies) that would
guarantee the safety of pdFVIII prepared by any single manufacturmg scheme. I addltlon,
TSEAC members expressed concerns regarding the major limitations of studies involving
spiked brain-derived TSE agents into blood or plasma for predicting clearance of endogenous
vCID agent from blood. There was agreement that while cuirent exogenous spiking models
have ufility and enhance-understanding of product safety, their limitations preclude
recommending a specific minimum clearance level

(hitp:/fwww.fda.gov/obrms/dockets/ac/06/transcripts/2006-427 1 t-unofficial htm).

To date, FDA has allowed TSE clearance labeling clairas for five plasma-derived products.'
The minimum approved labeling claim has been for products manufactured by processes that
'.demonstrated 6 logo of clearance for model TSE agents in experimental studies. FDA has’
encouraged industry studies of pdFVIII manufacturing processes, which were presented to
TSEAC in December 2006. The range of clearance offered by single production steps was

- 2.28 to 4.6 logie. Results of three of four studies were based on pnon—protem-bmdmg assays

! Carimuhe@ NF, Panglobulin® NF, Privigen® Gamunex®, Thrombate [I®
4 . ‘ 14
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(detecting PrPTSE) rather than infectivity assayed in known suscepuble ammals a fourth
study assessed clearance by infectivity bioassay

(http: /Farww fda.gov/ohrms/dackets/ac/0 6/slides/2006-427181 OO-mdex htm). This raises
questions as to the processes used for clearance of TSE infectivity in the manufacturé of the -
“implicated” pdFVII product received by the UK hemophilia patient with vCID infection.

. Unfortunately, results of clearance studws are not available for that product

Another major variable affecting potential risk is the quantity of product used by patients in
different treatment groups. For purposes of this model, only patfents W1ﬂi severe hemophilia
A (HA) were considered because their higher use of product puts fhem at higher risk than
patients with mild or moderate forms of the disease. Severe HA patients account for
approximately 50% of the total 'HA population. Approximately 25% of all US HA patients
use pdF V] products, while most others use recombinant FVIIL (Data from a CDC-
sponsored epidemiological study of HA patients were used to generate the statlshcal
distribution of pdFVIIT usage by patients
[http://werw.fda.gov/ohrms/dockets/ac/06/transcripts/2006-4271t1.pdf;,
http:/fwww.fda.gov/ohmms/dockets/ac/06/transcripts/2006-4240t1 .pdfe=-
hitp://www.fda. goviohms/dockets/ac/06/transcripts/2006-4240t2:pd]). Using these
estimates, the risk assessment evaluated different treatment regnnens The five groups of
 patients requiring the largest amounts of product are, in increasing order of usage, (1) thosé
. treated with pdFVIII prophylaxis, (2) those treated with prophylaxis plus treatment for FVIII
inhibitor, and (3) those treated with prophylaxis and having an inhibitor plus requiring
induction of FVII-immune tolerance. Patients generally requiring treatments with the
smallest amounts of product are (4) those needing only episodic treatment, and (5) those
needing episodic treatment plus having a FVII inhibitor. We have also evaluated the
* potential risk to patients with severe-von Willebrand disease (vWD), who are treated with
pdEVIII containing von Willebrand Factor (VWE), because no recombma.nt vWEF is available |

t.
ye \
Results of the Updated Risk Assessment

Results from the updated FDA 2009 Risk Assessment Model for potentlal annual individual
exposure and vCID risk are shown in the Appendix in Table L. Results for potential annual
Jindividual exposure range from a low of approxunately 1.7x 107 iv IDsg PEL POISOn. per year
(risk of 1 in 12 million) for patients who receive eplsodw treatment and have no inhibitor, to ,
-a higher potential exposure of approximately 1.6 x 10™ iv IDsg per person per year (risk of 1
n 12,000) for patients on a propliylactic treatment reglmen having both a FVIII inhibitor and
induction of immune tolerance. A side-by-side comparison of the potential annual exposure ’
estimates from FDA 2006 and 2009 Risk Assessments for all HA patients using a
hypothetical pdFVIH product manufactured by a process that reduces the amount of -
infectious vCJD agent 4-6.loge-fold is shown i Appendix, Table II. The comparison .
suggests that, even allowing for additional susceptibility of donors to yCID, there is very
little overall difference between the vCID risk predicted by the FDA 2006 Risk Assessment
Model and that generated by the updated FDA 2009 Risk Assessment Model. The biggest
difference in the estimates (for 2009 versus 2006) was an approximately 4.5-fold difference
(7.3 x10° vs-1.57 x10°°) in‘annual exposure risk for patients who received a prophylactic
treatment regimen and had both 2 FVII inhibitor and needed treatment for immune
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tolerance. However, even this difference is likely to have resulted from the large uncertainty
"and variability in the model inputs and probably does not represent a large increase in overall
estimated vCJID risk.

A side-by-side comparison of model results from the FDA 2006 and 2009 Risk Assessments
for the mean per patient fisk at two levels of maniufacturing process clearance of vCID agent
of 7-9 log;e—fold and 4-6 logo-fold shows very little difference (Appendix Table ). As in

* Appendix Table II, the biggest difference in the estimates generated in 2009 versus 2006 was
a less than 5-fold difference (1 in 270,000 vs 1 in 1.3 million) in animal exposure for patients
who received a prophylactic treatment and additional treatment for both FVIII inhjbitor and
for induction of immune tolerance. Comparison of results from the FDA 2009 and 2006 Risk
Assessments for vWD patients with severe disease (Appendix Table IV-A and IV-B)
indicates little difference between estimates generated by each model. In some cases results

in certain cells'of Tables I, III, IV-A and IV-B indicate the risks for 2009 may appear lower
or higher than the corresponding results for 2006. Because the results of each cell in each
table are calculated independently of one another, and because of the significant uncertainty
and variability in the mode}, one'would expect this type of variation in fie observed estimates

of risk. Overall, even adding to a part of thé FDA 2009 Risk Assessnient the assumption that =
the entire UKppp‘ulation is susceptible to vCID infection (the rest of the original FDA Risk -
Assessment in 2006 already assumed universal susceptibility), the results for 2009 and 2006
remain similar, supporting the same basic conclusions. Given the uncertainties of the models,
it is still'not possible to provide a precise estimate of the vCID risk or tc atterpt to predict
the actual risk to individual patients. As in 2006, the current results of the model continue to
suggest that some users of pdF VI might be exposed to the vCID agent, so that-thereis a
potentlal risk of infection, but that risk is hkely to be extremely small, even for those patients
" using the largcst amounts of product.

Interpretation

Results from the updated FDA 2009 vCID pdFVIII Risk Assessment Model suggest that the
risk of vCID infection from US-licensed pdFVIII is likely to be extremely small but may not
be zero. For US plasma donors, the major source of vCJID risk is dietary exposure during
travel and/or residence in the UK, France, or other countries in Europe since 1980. Blood and
plasma donor deferral criteria in place since 1999 have reduced the risk posed by donations
from BSE-exposed and vCID-exposed persons.

Manufacturing processes for human pdFVIIL products are likely to reduce the quantity of
vCID agent, if present, but the level of reduction achieved by manufacturing steps is not
precisely known. Clearance of TSE agents in manufacturing appears to vary among products,
but clearance has not been measured in standardized studies that might allow more
meaningful direct comparisons. Based on cumrently available experimental studies, it is

- estimated that pdFVIII products potentially undergo 4 lo g (10 000-fold) or greater reduction .

of the vCJD agent during the manufacturing process. Assummg a4-6 Iog reduction in

infectivity by the manufacturing process modeling predicts that the potentxal tisk per person
per year for patients with severe HA using pdFVIII ranges from 1 in 12,000 for the higher
'vCID infection prevalence estimate and high product usage, to-as little as 1 in 12 million for
the lower vCJD case prevalence estimate and low product usage, While higher levels of .
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clearance of vCID infectivity by manufacturing are likely to reduce risk; it is not possible at
this time to determine with certainty if a specific product may be more or less safe than
another; that is due to the wide range of methods used for clearance studies, the results of
clearance studies, and gaps in information. Although results of the model suggest that
exposure to vCID agent is possible, with a potential risk of infection that is likely to be
extremely small, the model itself cannot provide a precise estimate either of the vCID risk in
general or of the actual risk to individual patients. Nonetheless, despite the uncertainties in
the model, we believe this is information that patients and physicians might Consider when

- making treatment decisions. o - s .

B. Risk Management Strategy

FDA’s current risk management strategy for vCID has evolved in response o emerging
epidemiologic-findings and basic scientific developments pertinent to the epidemic. The .
overall risk management strategy for vCID includes the following:

¢ Deferral of donors at increased risk of vCID based on epi&egﬁgldgi@ﬂ data, and

withdrawal of certain prodicts at increased vCJD risk: | _ -

o Donor deferrals: Guidance since August 1999 (most recently updated in _
Janvary 2002) to defer donors with " geographic risk," e.g., donors who. visited
or resided in countries where BSE prevalence is higher; deferral of donors _

' who used UK-sourced bovine insulin; deferral of donors. transfused in the UK. ‘
since 1980 (note also that a draft guidance published it August 2006 proposed
deferral of donors transfused in France since 1980); and : -

o Withdrawal of vCID-implicated blood components and plasma derivatives is
recotmended if a donor is diagnosed with vCID (which has not cccurred).

» Facilitating development, validation, and information sharing (including product
labeling) regarding the performance of manufacturing processes in ¢learance of TSE
agents from blood products: :

o FDA reviews requests for TSE clearance labelin g claims which may be
approved if detailed, validated TSE clearance study data are provided.
.0 On September 18, 2006, FDA discussed with TSEAC the feasibility and
scientific value of standardized assessments of TSE clearance in the
.manufacturing processes for pdFVIIL The topic will be addressed again at this
meeting. ) : - .

» Facilitating development of candidate donor screening and diagnostic tests for vCID
and other TSBs: : - S
- . o FDA has held meetings with candidate test kit manufacturers to discuss
developmental pathways. '
o Apublic discussion of validation for donor screening tests for vCJD and other
TSEs was held with the TSEAC on September 19, 2006. '

* Risk assessment and communication to inform patients and physicians about the
current scientific understanding regarding vCID risk from blood products and to hely
inform treatment decisions: . ' :

17.

239



0
o

Q

FDA has engaged in penodlc reassessment of TSE ep1dem10i0gy and
pathogenesis to determine whether guidance/policies need to be revisited in
light of new information.

FDA performed risk assessments for potential exposure to vCID in
investigational pdFXI made from plasma donated in the UK, and for US-
licensed pdFVIIl made from plasma-donated in thé US.

FDA developed and posted risk commumcatlon materials ogx}ythe FDA

website, - -

FDA communicates with patients orgamzatmns When‘ne events occur
regarding vCID. - :

FDA encourages physicians and patients to consider- ﬂ']lS nsk in making

. treatment dec1s1ons

-

—

QuésﬁonS'for the Committee: _ S .

Based on an updated risk analysis, FIDA continues to believe that the sisk of variant
Creutzfeldt-Jakob disease (vCID) to patients who receive US-licensed plasma-derived
coagulation factor VIII (pdFVIII) products is likely to be extremely small, although we do
not know the nsk with ccrtamty

" 1. Should the recent report from the UK Health Protection Agency, attributing a case of -
vCID infectioit to treatment 11 years earlier with a “vCID-implicated” pdFVII, alter.
FDA’s mtexpreta’uon of the risk for US-licensed preparatlons of deVIII‘7 h

- 2. Ifso, should FDA consider:
" a. Recommending additional risk-reducing steps for manui'acture of plasma
derivatives (¢.g., modifications to current donor deferral policies)?
b.  Recommending revised warning labels for plasma derivatives?
c. Recommending modifications to FDA’s public communications (e.g;, to Web
‘postings) regarding the risk of VCJD associated-with the use of FDA-licensed

‘plasma derivatives?

18
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Appendix with Tables I through IVB . -

Table 1. Updated FDA 2009 Model results for all hemophilia A patients with severe
disease using hypothetical pdFVIII produced by process with 4-¢ Log;o Reduction

Factor (LRF) of vCJD infectivity: Potential mean per person exposure to vCID iv IDs,
and mean per person vCJID risk per year

o

-

—_ 4.6

i;o_gu:Reduction Factor (LRF)
Model Output for Model Ouiput for HIGHER
LOWER vCJD Case Prevalence vCJID Infection Prevalence
of ~4.5in 1,000,000 bused én estimate of
T based on Clark and Ghani 1in4225
. (2005} by Hilton et al (2004)
- Est Total | . Mean Mean exposure to | Mean** potential | Mean 1 Mean** i
. Nomb quantity RV p pot exposure to ean’ pn_.tenhal
Treatment Inbibitor | p:ﬁen:sr used per vEID b Iy viJD m’; . YCID iv Dy vCID risk
Regimen Status inUS © persen P;‘;E;::“ _ ppezg;:::' P;'ﬂ?;::? pex;l?e:s:n
per year 5™~ 95™ pere) .’ (5"‘ #5™ pere) (5™ - 95" pere) 5“'p 953‘;"‘a
@~ 95* perey | © P P (5% - 95% pero)
_ 157,949 ¥U lin
Mo Inhibiter 578 @122, 4.9 %107 4.0 million 4.5 X105 1in44,000
382316) o) ) ©- 21%0% @ - 1in4,700)
With Inhibit . ;
I - " : 190,523 1u 7.5 %107 MI u:[ . 54x10°% 1in 37,000
) -, 56 nullien . K ’
Frophylaxis No Immy 63 (26.9 ? 0-0 . {0 - Iin 3,500}
i Tolorameg. 447639) @0 ©0) ©- 26x09
With Inhibitor : ' , lin .
_. 538,700 10 7.3 x10°¢ 270,000 1.6 x10* 1in 12,000
62 (33235, ’ s
With bnmune D - 74 {8 - 1in2,700}
Tall mn;":: 1592943) ©-0) (0-0) @ 10
. =7 lin ] .
. No 946 $5,270 TU 1.7 x10 — 2.5 %10 1in 81,000
Inhibitor i} (0 - 1in 18,000}
(4633, 244656) R ©0) @- 11009
Episedic g -
: lin
Wi gs1 160,458 10U 8.6 X107 23 miion 4.6 X10° 11n.43,000
Inbibitor " | (s314, 488906 . @ - 1in9,800)
) ( y S0%0 -0 00 @- 20x0% ;

*iv [Dsy repfcsents the probability that 50% of those exposed to 1 IDs, intravenously may become infected

with vCID.

**Mean potential annual vCID risk ~ the risk of potential vCJID infection based on animal mode} dose-

response information. Mean potential annual vCID risk = Total mean quantity iv IDs per year x 0.5 (50
% chance mfecuon fromIDsg)
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Table I1. Comparison of FDA 2006 and 2009 Risk Assessment results es;ti_maﬁﬁg mean
potential annual exposures to vCJD iv IDso for all hemophilia A patients using

hypothetical pdFVIII produced by process with 4-6 LRF of vCJD infectivity

4-6
Logie Reduction Factor (LRF)
- - Maodel Outpuz Model Cuiput for
for | THGHER vCJD Infection
LOWERvCJD Prevalences based on
Case . -~ _ Hilton et al (2004)
Prevalences - .
based on Clark.
and Ghani
(2005)
b Mean Year
i - Total quantity FDA Risk Mean exposure to Mean exposure to
Treatment | Tabibitor Number FVII used Assessment vCID iy [Dg* vCID iv IDg*
I:ea' ent 1 Inhibits patients in per person Conducted per person per person
. epimen . Status us per year -~ per year per year
: {from FDA
2006) -
. - :.:;{ -
‘ 2009 4.9x107% - 4.5 x10°*
No Inhibitor 578 157,949 IU
2006 499107 | 31.67x10°¢
_ win [ - 2009 75x107 }  54x10°
. Inkibitor ..
Prophylaxis - 63 - | 190,523 10 _ -
No Inunune )
Tolcrance . 2006 421 %107 . 4.86%10°%
i o 2009 7.3 310°¢ " L6x10%
o | 62 55870010 | ~————— - _
Tolamee 2006 L57%10%  1.30x10™
2009 1.7x107 2.5 x10°
N
o 946 852701V | — : :
2006 212x107 . LSIx1pF
Episadic
2009 8.6 x1077 4.6 x10°
With —
_Ilﬂu'!':ilnr 151 160,458 IU
2006 249107 4.19x10°%

*iv Dy, represents the probability that 50% of those exposed to 1 D5 intravenously may become infected with vCID.
**Mean potential annual vCID risk — the tisk of potential ¥CID infection based on animal model dose-response information,
Mean potential annual vCID risk = Total mean quantity iv Dsg per year x 0.5 (50 % chance infection from DDy,
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TABLE III. Comparison of results from FDA 2006 and 2009 Risk Assessments for

mean potential per-patient vCJD risk for ail hemophilia A patients using hypothetical
pdFVIII at two levels of manufacturing process reduction in vCJID agent infectivity (7-9
LRY¥ and 4-6 LRF) and assuming both LOWER. and HIGHER prevalence estimates

7-9

Logy, Reduction Factor (LRE) =&

4-6

™ Logyy Reduction Factor FR)

Model Oulpit for || Model Outpit for "I Model Cuiputfor | Model Quiput
" LOWERVCID |, HIGHERvCJD - LOWER vCJID Case | HIGHER vCli
Case Prevalences Tnfection Prevalences Infection
based on -Glark FPrevalences based on Clark and Prevalences
and Ghani (2005) | based on Hilion Ghani (2005 based on Hilic
- et al (2004) etal (2004)
e Mean Year
1 Total - . . . :
.- [fNumbe F%“E;“:g d fs l:fs‘sﬁ‘:ﬁ't Mean potential~ | Mean potential | Mean potential Mean potentiz
Treatment Inhibiter | r Conducted vCJID risk vCJD risk vCJID risk vCJID risk
Regimen Status atient | PCYPerson onducte per person er persen er pe i
& : pa per year perpe perp per person per person
sin US (from FDA . per year - per ygf per year Per year
2006) L _
2009 1in 54 billion | lin 44 million 1in 4.0 miltion 1in 44,000
o : "‘_'—"'-"“—
Inhibitor | 70 | 1579491 = . L
. 2006 Lin 4.1 billion lin 50 million 1 in 4.0 million lin 54,000
With _ ]
Inhibitor 2009 1in 2.8 billion lin 37 million 1in 2.7 million 1in 37,000
Praphylaxis - 63 190,523 10
‘| No Immune 2006 Lin 3.5 billion 1 in 40 million 1 in 4.8 million Lin 41,000
" Tolerance .
With ,
Inhibitor " 2009 - 1in 200 million 1 i 12 miltion 1 in 276,000 1in 12,000
- . 62 558,700 IU .
P 2006 1in 551 milion | 1liniSmilion | 1in 1.3 million 1in 15,000
~ Tolerance i
2009 1in 12 billion 1in 81 million I#n 12 millien 1in 81,000
No
. 946 85,270 10
" Inbibitor ' S ) . : .
2006 lin 32billion [ 1in 100million | 1in 94million Lip 105,000
Episodic
_ 2009 lin 18billion | 1lin44million | 1in23 mikion 1in 43,000
- With : - .
151 | 16045810 -
Inikibitor - . .
1006 11in 4 billion 1in 50 milon lin $milien Lin 23,000
23 .
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Table IV-A. Comparison of results from FDA 2006 and 2009 Risk Assessments for vonWillebrand

disease (vWD) patients with severe disease: Predicted potential annuat exposures to vCJD agent in
iv IDsg and vCJD risk assuming 4-6 LRF by manufacturing process

YOUNG vWD (< 15 yrs of age)
= 7{__
Lo ey Rgductmn Factor (LRE)
Model Cutput ﬁ;r Model Owtput for HIGHER
LOWER vCJD Case Prevalences vOJD Infection Prevalences
- based on Clark and Ghani (2005) based on Hilton ef al (2004)
P y
- - 'I]‘i ?ﬂ ﬁi:‘.?t-y FD?;;: sk Mean exposure to~ Mean** potential M:an g};; SUTE | Mean** potential
Number p\'gduct used Assessment vOID iv IDse* vCJ’DArisk N ;p“* v vCID sk
patients per person Conducted PEr person per person " per person per person. .
inUS per year ' LFET year T, P agar ppu? year per year;  ;
{from FDA (5™ - 95" perc) . ™. 9 “pere) - G*- 95% pere) (5%~ 95° pe..
2006) T .
- 3.4 x10° . :
Prophylaxis _ 2009 1.6 %107 1in 5.6 million 1in 55,000
39 165,713 IU —— :
2006 43x107 lin 47milion | 381 x10°% 1in 52,000 -
Episodie
. 5 .
2009 27 %10% Lin 75 million 3210 Lin 630,000
60 1ot 2005. 4.14 x10°® . . ;
: : 1in 48 million 2 06.><10“ 1in 971,000
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Table IV-B. Comparison of results from FDA 2006 and 2009 Risk Assessments for vonWillebrand
disease (VWD) pafients with severe disease: Predicted potential annual exposures to vCJD agent in
iv I50 and vCJD risk assuming 4-6 LRF by manufacturing process

ADULT vWD (> 15 yrs of age).

- _ Sy
’ : LogyReduction Factor (LRF)
- Model Output for . Model Output for HIGHER
LOWER vCJD Case Prevalences vCJD Infection Prevalences
- . based on Clark and Ghani (2003) based on Hilton et al (2004)
Prophyfaxis _ 2009 52107 1in 3.9 million 4.1>10° " 1in 49,000
e i
L 73 186,880 TU — =
i : 2006 489107 | (in Afwilln | 432x10° |  1m46300
oisodic 8652310 2009 225407 | tin s3million | 222X10° | - {in75000
pisodic 78 ——— —
T S| 2008 1.99 x107 1in 10million 1.90x10% 1in 53,000"
*The ongmal risk estimate for this cell in the FDA Rnsk Assessment of 2000 (FDA. 2006) was mcorract the corrected
cstxmate is provided in this table .
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_ ij X S% FEARELEET Eg Background and Objectives A new chromatographic step-for the selective binding of .

~ abnormal prion protein (PrP>} was developed, and éptimizdtion for PrP capture was
achieved by binding to an affinity ligand attached teo Synthetic resin particles. This -
step was implemented into the manufacturing process-of the solvent/detergent (S/D)-.
treated biopharmaceutical quality plasma Octaplas® to further improve the safety
margin in terms of risk for variant Creutzfeldt-Jakob disease (vCID) transmission.

Materials and Methods Intermediates and Octaplas® final container material, spiked
with hamster brain-derived PrP*-containing fractions, were used for experiments to
establish the feasibility of introducing this novel chromatography step. The binding
capacity per millilitre of ligand gel was détermined under the selected manufactaring .
condltlons In addition, the specificity of the ligand gel to bind PrP* from human
sources was investigated. A validated Western blot test was used for the identification
and quantification of PrP>,

‘Results A reduction factor of 2 30 log,, could be demonstrated by Western hlottmg,

- utilizing the relevant. Octaplasﬁ’ matrix from manufacturing. In this particular cell-free
plasma solution, the PrP®® binding capacity of the selected gel was very-high (= 6
log,, ID,,/ml, equivalent to roughly 10 logm D, fcolumn at manufacturing scale).
The gel binds specifically PrP*° from both ‘animal (hamster and mouse) and human
(sporadic and variant CJD) sources. . .
Conclusion This new single-use, disposable PrPSC—ha_rvesﬁng gel ensures a very high capa-
city in terms of removing the pathogenic agent causing vCJD from the new generation
OctaplasLG®, in the event that prions can be found in plasma from donors incubating
the disease and thereby contaminating the raw material plasma used for manufacturing.

Key words: affirity ligand chromatography, OctaplasLG®, prion safety, PrPS¢, vCID.

" Received: 28 November 2008,
revised 20 May 2009,
accepted 20 May 2009

depleted red blood ceﬁ concentrates in the UK [1-4], as well

Intreduction
In the last few years, foﬁr probable transmissions of variant
-Creutzfeldt-Jakob disease (vCID) through non-leucocyte

Correspondence: Andrea Neisser-Svae, PhD, Octapharma Pharmazeutika
. Produktionges.m.tH, Oberlaaer Strasse 235, A-1100 Vienna, Austria
E-mail: andrea.neisser-svae@octapharma.com

as the first probable case of vCID through a plasma-derived
factor concentrate {5], have made prion diseases a matter of
concern in today’s blood therapy. ]

A nupiber of actions have been 1mp1emented by regulatory
authorities, such as requmng that all manufacturers of plasma- -
derived biopharmaceunticals should perform appropriate prion
safety evaluations of their product portfolio. Different
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manufacturing steps have been demonstrated to provide
significant removal, either of prion infectivity or the disease-
associated marker PrP° [6]. Specific affinity ligands designed

10 bind prions have previously shown a significant capacity

to remove PrP%¢ and associated infectivity from blood

components such as red blood cell concentrates [7-9]. Such_

specific affinity ligands have until now not been investigated
for the removal of PP in plasma-derived bwphannaceutlcals
such as Octaplas®.-

Octaplas® is the first generation solvent/detergent (S/D)- .

treated, human, coagulation-active plasma. The production
process is straightforward and very reproducible. Cells dnd
cell fragrents are removed by a 1-0 wm fltration step at the
front-end of the-process. The S/D treatment is performed
utilizing 1-0% {wj/w) tri-n-butyl-phosphate (TNBP) and 1-0%

’ (wl_w} Octoxymol-9. TNBP is subsequently removed by oil and -

Octoxynol-8 by solid phase extraction. Finally, two filtration
steps are performed (0-45 and 0-2 um) to ensure sterﬂlty of
the final product.

It has already been demonstrated that the current Octaplas®
‘manufacturing process is able to remove 2.5 log,, cell-bound
and free PrP5<, when using a chronically infected cell line as
spike material, which in itself ensures a-good safety margin

for this plasma product in terms of prion transmission [10].

The implementation of an additional orthogonal prion
removal step would further enhance thi-safety of Octaplas®
in this respect. The company Pathogen Removal and
" Diagnostic Technologies Inc. (PEDT, NY, USA) has developed
a group of ligands, coupled to a standard resin base,
which have demonstrated strong affinity for the prion.
The studies reported in this paper were designed to determine
the potential for prion removal by a specific affinity ligand
implemented into the new generation Octaplasl.G® (LG,
ligand gel) manufacturing process. To prevent potential
interference of the non-homogeneous plasma product (e.g.
possibly containing cells and cell debris) with the binding of
PrP3¢ to the affinity ligand, it was decided to incorporate the
new prion removal resin post-cell filtration and S/D treatment,
at which poin the product is clean from cells and debris that
might contain or carry the pathogenic prions. The technical

* implementation’ of the ligand resin was performed by

Octapharma PPGmbH, Vienna, Austria.

Materials and mefhods

Spike material preparations

The 263K strain of hamster-adapted scrapie used in the
experiments was supplied as a 10% crude brain homogenate
(CBH) by the laboratory of Dr Robert G. Rohwer [Baltimore,
MD, USA). A microsomalfcytosolic (MIC) fraction was pre-

pared from the 10% CBH following the preparation procedure -

established for various TSE sub-cellular fractions (the CBH

-

was centrifuged at 10 000 g for 8 min at ambient temperature
and the supernatant was separated from the pellet and
harvested as the MIC fraction) [11]. For studies on the robust-
ness of PrP™ removal, the pellet from the above centrifuga-
tion was used as the spike [CBH[ M,ql after re-suspended ata

~10% concentration in tris-buffered saline (IBS) or phosphate-

buffered saline (PBS). The CBH, pqy fraction contained the
large membrane fragments aiidtisshe not present in the MIC
fraction, which was mostly cnns:stent of more soluble and
presumably smaller PrF‘Sc components.

The studies shown in Figs 2-4, as well as the supporting
feasibility studies, were performed with a Sarkosyl-treated
spike material. CBH was treated with 0-5% Sarkasyl for 30 min
on ice. The solution was centrifuged at 13 000 g for 10 min
at room temperature to remove debris. The supernatant
[CBHSM] was.used as the spike [8). .

Determination of PrP*c ,;r

The proteinase K {PK) dig“ésﬁon and Westemn blot assay used:
for the detection of PrP*® were either performed as described
by Gregori L ef al. (8] or with some minor modifications -

- where Triton X-100 instead of sodium dodecyl sulphate

(SDS) was used as detergent during the PK digestion step,.and
where the polyacrylamide gel concentration was 129% (Bio-Rad
Laboratories, Vienna, Austria} instead of 14% (NuPAGE,
Invitrd‘gen Life Science, Carlsbad, CA, USA). The end-point

+ titre of the sample used for reduction factor calculations was

determined in a 05 log,, serial dilution setup and defined
as the first dilution where no signal was observed on the
Western blot. Samples were processed tiefore PK digestion in
order to overcome intetference as detailed below.

‘Western blot validation

‘The Western blot assay used for determination of prion

reduction factors and binding capacity in Tables 1 and 2
was subject to a formal validation following International

Conference on Harmonisation (ICH) guidelines to epable an
evaluation of the suitability of the assay in-terms of assay
variability and linearity for use in the clearance studies
detailed in this report, and also an evaluation of the limit of
detection (LOD) of the assay in comparison with a prion stock

_of known (defined) bioassay titre. The linearity of the assay

is showu in Fig. 1. The regression parameters can be used to
convert Western blot titres into infectious titres using the

following formula:

Ty epern i + 45867

10667

TitrelBiuassayl =

This formula was used for calculation of the resin binding

capacity in terms of infectious doses.

© 2009 The Authoris)
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Table 1 PrP% removal during chromatography with a non-SfD-treated
spike. Fifty millilitres of Octaplas® final product was spiked at the indicated
spike ratio with a CBHg,, from hamsters infected with hamster-adapted
scrapie 263 K strain. After withdrawat of a sample of the spiked start
material, the spiked plasma was toaded anto the PRDT column and the
flow-thraugh fractions were collected, Following plasma loading and
washing of the PRDT column with citrate buffer, the column was washed
experimentally with 2 M NaCl, and finally the remaining resin was
re-suspended in TBS and tested (column gel)

Woestern blot sample titre from
end-point titration [log,,]

5% CBH,, spike/ 10h CBH,,, spike/

Sample o G5 mlgel 19 ml gel

Spiked start material 2:5 ' . 20,

Flow-through 8-5 mi =05 =-05
Flow-through 5-~10 ml <05 <-05
Flow-through 10-20 ml 65 10

Flow-through 20-50 ml o5 15

Flow-through 50-95 mi a5 . -l5

2 M NaCl wash . 20 1-5

Column gel 35 . 30

Table 2 PrP removal during Octaplas® manu?aciuring with an
S{D-conditioned spike. Approximately 200 ml of crude plasma was spikedat -

aspike ratio of 1% with the indicated spike materials fram hamsters infected
with hamster-adapted scrapie 263 K strain. After witﬁdrawal of a sample of
the spiked start material, the spiked plasma was processed through a
downscaled model of the Octaplas® process from front-end cell and
cell-debris filtration, via $/D-treatment, filtration and solid phase extraction
until eventually 50 mi of the S/D-treated plasma intermediate after sofid
phase extraction were loaded onto the 5 ml PROT column from which the
indicated flow-through fractions were collected, Following plasma loading

-and washing of the PROT column with citrate buffer, the column was washed
“experimentally with 2 M NaCl, and finally the remaining resin was

re-suspended in TBS and tested (column gel}

Western blot sample titre fram
end-point titration [log, ;)

Sample ' 1% MICspike 1% CBHy yyq Spike
Spiked Octaplas® after 1 um filtration 25 .20

After S/D-treatment, liquid phase 5 10

extraction and depth-fil{ration '

After salid phase extraction 20 10

After PRDT gel ) .

* Flow-through 0-0:5 m -05 <-05
How-through 0-5-5:0 ml - %-05 =-05
Flow-through 5-0-10 ml. s-05 <-05
Flow-through 10-20 ml .05 £205
How-through 20-50 mt ' 1-5 05
2 M NaCl wash T30 20
Column gel : 20 15
© 2009 The Author(s) .
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’ Fig. 1 Linearity of Western blot assay. A plot of Western blat end-point titres

obtained from multiple determinatians {at least 3) of various dilutions of a
hamster-adapted scrapie 263 K prion stotk'of known [defined) bioassay tim:.‘
The limit of detection is 45 log TDgy/ml. 5% individual standard deviations
far samples at each dilution testt_:_;i_'wés no greater than £0-25 l0g,,

Interference handling

A direct Westem blotting of the samples confaining Octaplas®
could not be conducted due to ‘the interference from high
plasma protein content. To reduce this interference and to ‘
enable assaying of the flow-through samples after adsorption
by the gel ligand, spiked samples were pre-diluted 3-2-fold
(0-5 log,,} in TBS containing 0-1% bovine serum albumin -
followed by a centrifugation at 15 558 g for 60 min at
ambient temperature, After centrifugation, the supernatant
was carefully decanted and the pellet re-suspended in either

‘the same volume of the original spiked sample, or in 1/10th

the original volume centrifuged (i.e. 10-fold concentration),
achieving an effective concentration of 0-5 légm. Recovery
within 0-5 log titre as determined by serial dilution Western

"blot assay oflow titre PrPS was.demonstrated via this procedure

in contrél experiments, as indicated by comparable Western
blat end-point titres for the centrifuged samples when com-
pared with a non-centrifuged sample (data not showh).
Regeneration samples containing basic high salt concentra-
ton were diluted 0-5 log, and then tested in the Western blot
assays. The column gel samples were tested undiluted before
analysis by Western blotting (i.e. without centrifugation). The
PK digestion was performed in situ on the matrix. Following
boiling in SDS, the PrP* was released from the matrix. '

Robustness of the prion reduction 'step with regard

. to different spike preparations

Octaplas® was spiked with either MIC or CBHyq at a 1%
spike ratio. The pH of the spiked material was determined
and, if necessary, adjusted to a pH of 6:9-7-4.

Journal compilation ® 2009 International Saciety of Blaod Transfusion, Vor Sanguinis {2009)
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Following removal of a sample for determination of titre
in the spiked start material, the remaining spiked material was
loaded onte a prepared ligand resin column (Vantage L11 X250,
Millipore, Bedford, MA, USA), which had been equilibrated

‘with water for injection, 20 mu citrate buffer, pH 7-0 con-

taining 140 mm NaCl. The flow rate of the chromatography .

was adjusted to the necessary contact time {plasma with
resin) of ~2 min. Collection of the flow-through began once
the ultraviolet (UV) baseline had reached peak absorbance.
Following loading of the sample, the column was washed with
the citrate buffer used for equilibration, and collection of the
flow-through continued until the UV absorbance began to drop.
All chromatography-steps were performed at ambient tem-
perature. Samples(flow-through) were collected at various
_ stages of the passage of the spiked start material through
the column. An aliquot of each flow-through was stored at
<-60°C until tested by Western blotting as indicated above.

Determination df the PrP%® binding capacity per
gel volume

In order to evaluate the PrP* binding capacity per millilitre
gel, studies. were performed using sequential identical
columns. In these experiments, 0-01% CBH;_, (final concen-
tration of brain homogenate) was spiked in Octaplas®
harvested from routine ‘production. Ten millilitres of this
challenge was applied to the first column {0-5 ml bed volume)
containing the gel in a Protein Isolét_ion Kit mini-column
- (PIKS!, ProMetic Life Sciences Inc., Mount Royal, Quebec,

Canada). The flow-through from the first column was applied -

ontd the second column.- and from the second onto the
third. The gel-bound PrP5 was quantified by densitometric
reading of the Western blot signals, and the binding
capacity per column and millilitre gel was estimated in com-
parison to the PrP*® input level.

Binding of infectious prions from different sources

Leucocyte-reduced human red blood célls in residual plasma
spiked with brain homogenate: from different transmissible
spongiform- encephalopathy strains, including hamster
sctapie, human vCJID, human sporadic (sp)CJD, and mouse
Fukuoka strain Gerstman-~Striiussler-Scheinker disease (GSS),
- were applied in duplicate to the ligand résin in column format.

Caleulation of reduction factors

Reduction factors {RF) were calculated as detailed in Note for
Guidance on the Performance of Virus Clearance, Studies’
[CPMP/BWP/268/95 (1986)}: RF = [V, x T )}J/(V, xT,}, in
-which V, and T, are the volume and titre of the start material -
and V, and T, are the volume and titre of the product

- fraction, respectivély. In logarithmic terrns, this equation can

be expressed as:log,, (RF) = [log,, (V) + log,, {T )] - [log,, -
(V,} + log,, (F,)], and the logarithmic reduction factors (LRF)
were rounded to one decimal place only after having
compieted the final calculation.

-

‘Results T -

In preliminary studies, four of 1 th?:inost promising ligand;
among the many screened by-the company PRDT {8,12] were
selected for investigating. their compatibility with . the
Octaplas® manufacturing process and its outcome. One of
them did not change the biochemical profile of Octaplas®
at all, whereas the other three depleted significantly both
coagulation factors and inhibitors (data not shown).

Different aspects of prion binding were investigated by
using different spike preparations. As unprocessed CBH'
probably contains all possible infectious modalities, it was
used as the starting_spikeziigterial for the various spike
preparations. The MIC preparation has been cliosen because
it is enriched with the-smiallest and most soluble forms of
Pre%, Where the PrP% concentration, as determined by
Western blot, is theoretically unrelated to the size distribution
of the prion aggregates, this spike with small PrP*° sizes may
represent a form of infectivity closer to that assumed to be
potentially present in plasma from bleod donors than the
form present in spikes with large particle sizes.

The CBH from which the ‘microsomal fraction had been
removed by centrifugation [CBH, 4} was selected to inves-
tigate the binding of larger particle size distributions, ie.
those not contained in the MIC fraction. The use of the two

_spike preparations above provides for a more thorough

investigation of the binding properties of the ligand resin
than when only CBH is used. '

in addition, for some experiments a sarkosyl-solubilized
spike was used. Sarkosyl-solubilized prion spike agents have
been utilized widely in prion spiking s‘tud'ies,‘ and yield a spike
preparation from which the membrane components have
been removed - which may mimic very well the nature of our
target Octaplas® matrix following the S/D treatment. The use of
sarkosyl as opposed to other detergents is a balance between
avoiding extremely strong detergents, such as SDS, which may

“denature the prion aggregate, and using non-ionic detergents
- thattend to be too weak to provide sufficient solubilization.

Where the spike material was solubilized with sarkosyl before
spiking, the respective abbreviation for the spike material is
appended with the subscripted text *Sark’ {i.e. CBH,, ;).

Feasibility experiments

In the first set of studies, experiments were performed -
where a sarkosyl-solubilized spike (i.e. lacking membrane
components) was spiked into Octaplas® final product and applied
directly onto PRDT columns. Two PRDT columns containing:

. © 2009 The Authorfs)
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the ligand resin at two different column volumes, 1-9 mi and
9-5 ml, were challenged with two concentrations of spiked
Qctaplas®, 1% and 5% spike ratiocs, respectively. The flow-
through sample was collected in fractions as indicated in
Table 1 and analysed by Western blot for PrPC. Under a high
PrP* loading (i.e. 5% spike ratio}, with 2-5 log, as the input,
a<-0-5log,, of PrP* signal was recovered with a RF of 2 3-0
log,, {2-5 log,, minus < -0-5 log,,) could be demonstrated for
the early flow-through fractions (0-10 ml), utilizing the
relevant Octaplas® matrix from manufacturing. We applied
the methodology described above (see Interference handling)
_to remave the Western blot-interfering plasma proteins by
assaying the pellet after_centrifugation, which resulted in a
> guantitative recovery'nfthe PrP*, Furthermore, this centrif-
ugation step provided 0-5 log,,, of PIP% concentration and,
thus, increased The assay.sensitivity. The results indicated
that the binding capacity, determined by the volume at which
breakthrough occurred, was dependent on the PrP*° load
vs. the amount &f affinity ligand in a reproducible manner,
Withiin the accuracy of the assay, the total bound PP loaded
onto the column was quantitatively recovered - either in the
experimentally applied 2 M NaCl wash or still bound to the gel.

_ PrP% removal under manufacturing conditions

" Further experiments were performed to investigate removal
of PrP5® which'had been conditioned via the S/D-treatment,
filtration and solid phase extra@:tion steps, which forms
the mid-section of the standard Octaplas® manufacturing
process. Crude plasma was spiked with hamster brain-derived
infectivity and processed using a validated downscale of the
manufacturing process, including the front-end cell and cell-
debris filtration. Following the final solid phase extraction
step, the product was loaded directly onto a PRDT column to
investigate PrP¢ removal. Note, that the level of removal
observed for the Octaplas® manufacturing process before
PRDT removal cannot be compared with that reported in
previous publications which used a chronically infected
whole cell preparation as spike. This earlier work measured
prion removal for the Octaplas® process including cell
removal via 1-0 pm fitration, whereas the current studies

only addressed potential removal of non-cell associated

prionis post-1-0 pm filtration. Trrespective of the spike's
nature {MIC or CBH ], an effective PIP* removal to below
the limit of assay sensitivity was observed in the early
flow-through fractions from the column {Tabie 2). For the
CBH_ g spike, a slightly higher loss of spike material was
observed for the steps before the column. Although not
_ significant, this finding is consistent with the nature of this
spike, which probably contained larger PP aggregates or
PrP5¢ associated with membranes fragments large enough to
‘be fitered out. The pattern of breakthrough also demon-

strates slight differences between the two spike materials, in

@ 2009 The Author(s}
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which the MIC spike showed earlier _break_thmugh than the
CBH| ) spike. This result may reflect an eatlier saturation
of available PrP* hinding sites by MIC, due to the smaller
prion aggregates present in this spike preparation, or it may
reflect the higher PrP% loading onto the column due to the

. lower upstream loss of prpse compared to the CBH(_MM case,

Again, for the early flow-through fractions {0-10 ml),
the > 3-0 log,, RF for the whole process (> 2:0-2-5 log,, RE
by PRDT column} could he demomstrated using the MIC spike
and the amount of PrP* recovered from the experimental
2 M NaCl wash and gel demonsirate the substantial binding
capacity of the affinity ligands. Based on the input of PrP5°
and the sensitivity of the Western blot assay, it was calculated
(see Materials and methods) that the PrPS° removal capacity
per millilitre gel was 7-3 and 6-4 log,; 50% infectious dose
(D }/ml resin for the MIC and CBH yq spike, respectively.

Determination of PrP* hincjj‘ng. capacity per gel .
volume o :

-

The gel binding capacity for PrP5 was also investigated-
utilizing a different study design, in which the PrP* bound
to the gel was analysed. In these studies, a fixed volume of
challenge (10 ml) and a fixed volume of gel (0-5 ml) were
used. The challenge concentration was 0-01% CBHg,, (final
concentration of brain homogenate}). The spiked challenge
solution was applied to three columns in series. The binding.
to each column was then evaluated -independently via
Westem blotting. The results (Fig. 2) indicated that the vast
majority of the detectable signal was concentrated in column
1. The flow-through from column 1 contained some contam-
ination of PP, which was visualized as a very weak signal
captured by the second gel (< 3% of PrP input), as shown
in Fig. 2. In all tests performed, no signal was ever detected
in column 3 indicating that all PrP* had been removed
before this stage. Furthermore, this demonstrated very strong
PrP>® capture was reproducible when different batches of gel
were tested {Fig. 3). The quantification by densitometry of the
PrP3¢ bands recovered from the resin was conducted using a
Bio-Rad VersaDoc imaging system {Bio-Rad Laboratories,
Hercules, CA, USA). The results indicated that practically
all input PrP% was detected bound to the resin. We had pre-
viously determined that the total 1D, in the challenge were
5 X 10°1D,, based on the infectivity titration of the spike with
the bioassay. Thus, in all cases the PrP5¢ binding capacity per
mitlilitre gel was found to be in the range of 5 X 16%/0-6 'l gel,
equivalent {o 60 log,, D, fml resin,

Determjnatiuﬁ of the gel ligand specificity for PrP5
from different sources

Figure 4 shows that the resin has the ability to bind infectious
prion from all the sources tested, including the human vCJD

Journal compilation © 2009 International Society of Blood Transfusion, Var Sanguinis (2005)

- 253



6 A.Neisser-Svae et al.

Control Eluate Confrol _« Ehuate
0-1% SBH Col 1l Col2 Col3 0% SBH Coll Col 2
PK -~ + - o+ - + - % -

38kD

28kD

Fig. 2 Sequentlal Prl’Sc removal. Western blot analysls of the PrPs‘ protein
etuted from the PRDT gel before (-) and after (+ ) PK treatment. The binding
assay was conducted g_s.d_g.scul]cd in Gregori et o, [8]. In brief, 10 ml of

. Octaplas® were spiked With 0-01% CBH,,,, [S8H] and applied to three
columns (Col) Tn series, each- column contained 05 ml of gel. in the -PK

lanes, 50 1! of resin were mixed with 75 ! of water, 17°5 i of 2% LDS and '

25 ul of 4x LDS-sample buffer (NuPAGE). PK digestion was conducted
diréctly on the gel beads (50 i) with 7-6 pl of 1 mg/mi PKand 175 pl of 2%
SDS incubated for 1 h with vigorous agitation. The reaction was stopped by
the addition of 25 ! of 4x LDS-sample buffer {NUPAGE) containing the
reducing agent, All samples were heated at 90 °C for § min, briefly '

_ centrifuged and 10 yl of the supernatant containing the eluted proteins
were loaded on each [ane. The control lanes show the PrP® signal of 10 ! of
0-1% SBH before (-) and after {+) PK treatment. The PrP5¢ signal in the
control lane {-PK) was used to estimate ths amount of infectivity captured

by the gel. The molecutar weight standards in KDa are shown ori the left.

and spCiD. In the case of spCID; the signal was weak due to
the low level of endogenous PrP* in this particular specimen.

Dlscussmn

A Tesin with a ligand, developed by the company PRDT, able
to bind and remove Pre*® quickly and efficiently from plasma
during the industrial manufacturing of the Octaplas® product
has ‘been identified. A number of studies have been per-
formed investigating- the clearance of PrP5¢ by this resin
under a variety. of conditions and utilizing various spike
forms. The introduction of this prion binding step provides
a robust and effective prion removal step dedicated to
improving the prion safety profile of Octaplas® even further,
without having a negatwe impact on the final product
quality [13].

_ Various spike forms and study designs were used in order
to evaluate the robustness of the PRDT resin. The resin
challenged with CBH, detergent-soluble PrP* forms, or
homogenates enriched with small or large PrPS® forms all
indicated several -log-steps of consistent and reproducible
removal (> 3-0 log,}. The PP binding capacity of the resin
per millilitre gel was shown to be in the region of 60~7:3
log,, ID,,
until the binding capacity of the column was reached. Thus,
for the gel volume chosen (3-8 1) for a standard CctaplasLG®

o/ml resin, and effective removal was observed up

Batch #1

. Batch #3

Fig. 2 Reprod u:ibility of PrP.sc removal in sequential set-up. Western blot

comparison of PrE binding to three independently manufactured batches
of PRDT gel. Ten millititres of Octaplas® were spiked with 0-01% CBH,, , (SHB)
and applied to two columns {Col) in series, each column contained 0-5 mi of

‘gel, The samples without () and with (+} PK were pracessed as described in ©

Fig. 2. Ten microlitres of the eluted proteins were loaded on cach fane. The
control lanes show the Prb™ signal of 10 ! of 0-1% SHB before (=) and after -
{+} PK treatment.

batch size (380 1), the total PrPS® capture is equivalent to at
least 9-6 log,, ID., which is ‘equivalent to 9-4 log,, ID
(ID,, x 0-69) [8]. In order to overload this removal capacity,
every millilitre of such OctaplasL.G® pools would need to con-
tain more than 6900 ID PP, Up to 20 ID/ml plasma have
been found in relevant rodent models at the clinical stage of
disease [14]. Thus, intheory one contaminated single plas-
maphaeresis unit of 600 ml would cause a maximum PP
load of 0-03 ID/m in the OctaplasL.G® pool, i.e. the gel capacity -
exceeds the prion load 2 218 500 times {> 53 log, ). Even
with as many as 10 (1-6%) contaminated plasma units out of
630 plasmaphaeresis bags in an OctaplasLG® hatch, the

- affinity ligand column is able to remove the total theoretical

© 2009 The Author[s)
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Prion removal during Gctaplds}zéi@ ma_n;gfacturing 7

- o

Mouse Fukuoka ifamster-adaplcd
strain (GSS) scrapic 263 X

Fig. 4 Binding of PrP> derived from various prion diseases. Western blot analysis of Prf> binding to PROT gel. Ten milititres of human leukoreduced red blood
cells in residual plasma were spiked with 1% CBH, . from.a case of variant CJD (vCJO). a case of sporadic CID {spCID), a brain pood fram mice infected with '
mouse-adapted Fukuoka strain (GSS5) and 0-1% CBH, , poo! from hamsters infected with hamster-adapted scrapie 263 K strain. Each samale was applied to
-5 ml'of resin in duplicate. Fifty microlitres of each resin [with {+] and without () PK treatment] were processed as described in Fig. 2. Ten microlitres of the
eluted proteins were leaded on each lane. The exposure time of the film for each sample was adjusted to obtain equivalent signals intensity.

.

load of prp% with a safety margin higher than 21 850-fold
(2 43 log,g). It is important to confirm the PtP® binding
demonstrated by Western blotting in these studies by animal
infectivity smﬂies. One such bioassay (hamsters) has just
been completed successfully and the final result (3-0 log,,)
confirmed the biochemical investigations summarized here
(A. Bailey, personal communication). A second animal study
is currently ongoing. .

In theory, excessive amounts of PrP® might be able to
dislodge PrP* that is-already bound to the ligand in the gel.
Thus, an experiment was performed to address this particular
issue (data not shown). The normal concentration of PrP® in
plasma is estimated to be in the order of a few nanogram per
millilitre of plasma [15,16). The study therefore tested tlie
ahility of either normal Octaplas® or a solution of, commer-
cially available recombinant PrEC at 2 pgfml (ie. close to
three orders of magnitude higher than {he concentration
normally found in plasma) to remove gel-bound PrP5
from a pre-loaded column. It was concluded from these
experiments that thé PrP® concentration expected to be
found in the different OctaplasLG® batches would have no
significant impact on the ability of the column to refain the
gel-bound PrP%.

In conclusion, the performed studies confirm a very
effective PrP5° removal effect by the specific affinity ligand
tested. The resin will be used in a chromatography step as a
single-use vesin, ie ne sanmzahon and re-use. We have

© 2009 The Authorfs)

demonstrated that the introduction of’ the épeciflc prion
removal column into the current OctaplasG’ manufactunng
process is technologically possible and will further improve
the safety margin of this product in terms of prion diseases
such as vCID. The new generation Octapla.sg will be marketed
as OctaplasLG®.
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