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Dr. J. Vostal (FDA—CBER. Chief of Laboratory and Cellular

Hematology in the division of hematology, the Office of Blood

Research and Review)

So, this has to balance out against the risks that could come as a
result of application of these processes to transfusion products, and
these risks could include damage to the transfusion products, adverse
events to the recipients of such products, also toxicity to processing
personnel, because those people actually could‘come into contact with
very high concentrations of the chemicals, and also the toxiéity to the
environment because if those chemicals are mutagenic or potentially
carcinogenic there may be an issue about their disposal.'\

And, here you can see that the benefits are, the target for pathogen
reduction is, the reduction of viruses, bacteria, and parasites, and
especially the potential reduction of

emerging and unknown pathogens.

So, to think about what the benefits are, I have to review the data that
was presented earlier by Dr. Dodd, and thislis for the current risk from
bacteria in transfusion products and this is very nicely documented in
this paper published by the American Red Cross and Dr. Eder, and this is
a very exciting study because it has such a large number of products
tested, and it pretty much single handedly defines the contamination
rate of untested products to be about 1 in 5,000 and also defines the
septic transfusion rate at 1 in 75,000. So, this is for products that
were actually tested and determined to be negative. And for fatalities

the risk is 1 in 500, 000.
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Now, after a collection of this data, the American Red Cross reviewed
their collection and testing procedures and found places to optimize it
even more, and they think that by applying their diversion strategies
and increasing the sampling volume for bacterial testing, they can
reduce their septic rate by 70 percent, 75 percent, which could bfing it

down to 16 one in the 1 to 300,000 range.

So, the current level of transfusion product safety is achieved by
testing and prevention. And testing has a very good risk-to-benefit
ratio. It's performed on a sample of the product, testing does not
damage the transfusion products, it does not present a‘toxicity risk to
the patient because nothing is added to the transfusion product, and
overall testing has made the blood supply very safe. So, the risk-
benefit analysis 1is very favorable, and if you look at our little
teeter-totter, the benefits significantly outweighs any type of risk
that may be associated with testing.

Now, if you try to apply this type of an analysis to chemical or
photochemical pathogen reduction, we put on this side benefits, and we
have the target, and the target would be a reduction of the current
viral risk, which is 1 to 150,000 and a reduction of bacterial septic
risk, which is at 1 to 75,000. So, in order not to shift the risk from
transfusion transmitted disease to some other adverse event, this side
of the teeter-totter should be somewhere around also 1 to 75, 000.

And, this is a relatively tall order because this next slide shows you
the size of a study that will be required to assure that you re
eliminating a risk of 1 to 75,000. And the size of that study to achieve
95 percent upper confidence limit would be over 200,000 patients. So,

it’s not likely that any sponsor or company will be able to achieve a
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studyvof this size up front. So, more likely you’ re going to be able to
see studies in the hundreds patient range. And, so, the strategy has
been to conduct studies that will look at efficacy in some adverse
events and hope that if the study does not demonstrate any adverse
events, then it could be approved and sizes of this type of a population
could be achieved by doing a postmarket study. So, what are our concerns
about novel pathogen reduction methods? The pathogen reduction process
creates a novel mixture of chemicals and biologic products that is
infused intravenously to a wide range of patients of different ages and
condition states of health. So, the concerns are that the pathogen
reduction chemicals interact with nucleic acids, they are frequently
mutagenic and frequently carcinogenic, and may require a long-term
postmarket study to determine if there is a risk associated with
carcinogenesis. An additional concern is the application of light energy
which can damage cells and can certainly damage the products themselves,
and then the chemicals are nonspecific in that they can also bind, once
activated, to proteins, lipid and cell organelles. So, the damage or the
potential damage caused by these chemicals can be widespread and may be
difficult to detect with the current testing strategies that we have.

So, the strategies that we have for approval of products such as these
is to go through the classical FDA pathway, and as we go through phase
one study, starting with phase one in vitro study, and these study
identify gross lesions to cell biochemistry, to cell morphology. In
addition to that phase one you would have animal studies to evaluate
toxicity, and earlier today and yesterday we heard about the pathogen
reduction chemicals that have been tested, that have gone through this
in vitro study process, and actually they are found to be relatively

safe based on the outcomes of these studies. Because they had a
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relatively safe profile, they progressed through to phase two clinical
trials, which included radiolabeling studies in human volunteers to
define the transfusion product kinetics. And, some of these studies
actually indicated that there is a loss of the ability to circulate and
decreased recovery in healthy human volunteers. That by itself does not
actually indicate whether there’s any additional loss of functional
efficacy.

So, the next step after phase two study 1is to progress through phasé
three clinical studies, which specifically assess efficacy, will define
a transfusion frequency of these transfusion products and identify any
adverse events on toxicity associated with application of these products
to a specific patient population. Then if the phase three clinical trial
works out and the product gets approved and gets on the market, then to
identify and follow any type of very low frequency adverse events in
toxicity, phase four studies would need to be put in place so we could
monitor the performance of these products.

Now, I wanted to talk about the Cerus S-59 treated apheresis platelets
because this is the product gone the furthest along this development
pathway and I think we can learn something from what we’ ve seen out of
the outcome of their phase three clinical study. So that as we heard
earlier this study done by Cerus was called the SPRINT trial, and we
heard a description of it earlier today, and it was a phase three
randomized, controlled, double blind, noninferiority study. The
objective of the study was to compare safety in hemostatic efficacy of
photochemically treated platelets to conventional platelets. And the
primarily endpoint of this study was the proportion of patients with
grade two bleeding assessed by a standardized WHO scale. What I'm going

to present to you are tables taken directly from this report. And, you
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can see this table five here talks about proportion of platelets with
grade two or higher bleeding, which was the specific primary endpoint.
This was quite a large study, had 318 patients in the treated arm and
327 patients in the control arm. If you look at any grade two bleeding,
both of these studies are equivalent to the proportion of patients that
had a grade two bleeding. So, from that viewpoint the study was
successful.

Now, the sponsors also broke out the bleeding by different bleeding
sites. The only thing I would like to point out here is that in the
mucocutaneous bleeding —- that’s bleeding that’s known to be dependent
on the level of platelets or function of platelets —- it’s not a
statistical difference but 18 there’s a trend toward being increased
mucocutaneous bleeding in the treatment arm. Now, if you look at, the
other thing I would like to point out to you, there’s also a difference
between bleeding in the respiratory organs, slightly higher, not
statistically significant, but I think it’s something that we should
keep in mind because it may come up a little bitylater. So, here’s table
six from the same paper, and this table looks at the platelet and red
Cell transfusion used during the study. If you look at the platelet
transfusion, the total number of transfusions, platelet transfusion in
the treatment arm was 2,678 as compared to 2,041, so, about a 30 percent
increased use of platelets to support these patients; this is four
patients with hematologic malignancies. Now, if you look at, you know,
where did that number come from? You look at the mean number of
transfusions per patients, that’s higher, 8.4 versus 6.2. If you look at
the mean interval between transfusions, as the shorter interval, it’s
1.9 versus 2.4 days. You can also look at the dose that these patients

received, and this may be part of the problem that the processing of the
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platelets during the pathogen reduction treatment uses up some of the
platelets and so the dose that’s actually going into the patients is
lower than in the control arm. You can see also here that the percentage
of doses that were less than three times ten to the eleventh, which is
the standard platelet dose, the percentage in the treatment arm is 20
percent of the patients received less than a standard dose versus 12
percent of the patients in the control arm. The additional thing that
should be pointed out is the use of red cells in this trial, and
although it’s not statistically different, there’s a trend toward a
higher use of red cells in the arm that’s fully supported by the
pathogen-reduced platelets, about a half the a unit difference between a
treatment arm and control arm. So, on table seven in this paper, the
authors summarized the platelet responses following ©platelet
transfusions. And here we’re looking at the platelet count and you can
see the starting platelet count in those patients was equivalent between
a control and a test arm. And 1if vyou look at the one-hour
posttransfusion, the platelet count in the treatment arm is about 37, 000
versus about 50,000¥in the control arm, so already a significant
decrease. If you look at specifically the platelet increment, you re
going from 34 in the control arm to about 21,000 in the treatment arm,
and if you look at the count increment, you also see a decrease. And the
same results or same trend is observed in the 24-hour CCI or that 24-
hour evaluation, and you can see there’s significant differences in the
platelet count, in the count increment and also in the CCI. So, based on
these results it appeared that the patients are receiving the treatment,
a treated product could have been underdosed with a platelet product.
Table eight from this paper talks about refractoriness to platelet

transfusions, and refractoriness in this study was defined as two
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episodes, two consecutive platelet transfusions with a one-hour CCI
count of less than 5,000. And, the treatment arm, you can compare the
treatment arm to any refractory episode that was examined. It was 21
percent in the treatment arm versus 7 percent in the control arm. The
following line would be that any transfusion with CCI less than 5, 000,

we have a 27 percent versus 12 percent in the control arm. So, it

appears that there’s significantly more refractory patients that are -

transfused by the treated platelet.

Now, the interesting thing in this observation are these, if you look at
immunologic refractoriness, there is actually no difference between the
treatment arm and the control arm so the refractoriness that we see, the
overall refractoriness is probably due to cell damage and not
necessarily due to an immunological alteration.

So, this slide summarizes the results of the hemostatic effectiveness
from the SPRINT clinical trial. The trial itself met the primarily
endpoint of proportion of patients with grade two bleeding. However, it
failed a number of other indicators of platelet efficacy, for example,
it increased platelet utilization by 30 percent, it decreased the time
between transfusions, decreased posttransfusion platelet count response,
increased the number of platelet refractory patients and also increased
a trend towards a higher red blood cell usage.

So, if you take all these together, they could reflect some potential
adverse effects. For example, if you have increased usage of transfusion
products, you could be mediating an increased frequency of transfusion-
transmitted diseases, particularly if you are looking at red blood cells
that have not been treated by this product. And also the 30 percent
increase in platelet use and.the increase in red blood cell use may

eventually have a negative impact on the blood supply.
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Now, this ;tudy was published in several papers. The one 1 just went
over looked at the efficacy of the platelets.

The second paper that came out looked at the safety of these products in
the same trial, so this is looking at the adverse events in the SPRINT
trial published by Dr. Snyder and colleagues and was published in
Transfusion in 2005.

Now, once again I'm just going to highlight some of the tables that are
published in this paper. And, I think the most telling one is table five,
which summarizes the adverse events that are different between the
treatment groups and these are statistically significant differences
between the treatment group and the control arm of the study. And you
can see there’s actually 11 cases or 11 types of adverse events that
were statistically different between the treatment and the control arm.
In each‘case the difference went against the treatment arm. And, so, we
have increased number of petechiae, increased fecal occult blood
positive, increased dermatitis, increased rash, pleuritic pain, muscle
cramps, pneumonitis, mucosal hemorrhage and acute respiratory distress
syndrome.

So, out of these adverse events there were also events that were graded
as grade three or four so that means clinically significant, clinically
serious, and these four adverse events were hypocalcemia, syncope,
pneumonitis and again acute respiratory distress syndrome. It’s
interesting to point out that in the control arm these significant
adverse events actually don’t show up. For example, for ARDS there’s 5
cases out of 318 patients of ARDS and none in the control arm. Also, if
you look at syncope, you have 6 cases in the treatment arm and no cases
in the control arm. In hypocalcemia, over 20 cases in the treatment arm

and only 6 in the control arm.
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So, in this paper the sponsor actually claimed that there may have been
an issue in identifying ARDS in some of the patients that were coded as
having ARDS and so they went back and reanalyzed the data with a blinded
group of experts to . see if they could come up with different results.
And those'experts looked at a number of different respiratory events but
in the end, after the reanalysis, the ARDS was still present with 12
cases in the treatment arm and 5 cases in the control afm, a loss of
statistical significance that we saw initially but the issue of ARDS or
some kind of acute lung problem did no£»go away.

So, here’s a summary of the SPRINT adverse events data. This is actually
a typo. It should be nine types of adverse. events significantly
different between the treatment and the control platelets,‘and they all
went against the treatment platelets. Four types of these adverse events
are clinical grade three and four and the organ systems involved here
are the respiratory, cardiovascular system, dermatologic system and the
parathyroid-renal system possibly based on the hypocalcemia.

So, if you look at the risks that could be associated with the use of
these platelets, it appears that 1 in about 60 patients supported by
treated platelets could have grade three or grade four adverse events,
So, if you put this on the teeter-totter, you have on this side the
risks, documented risks from a prospective blinded clinical trial of 1
per 60 adverse events and you re stacked up against trying to reducé‘a
risk of 1 in 150,000 or 1 in 75, 000. So, based on this type bf analysis,
it’s difficult to see how this type of risk would be able to justify
general use of these products to offset a bacterial and viral risk Now,
one of the important concepts in pathogen reduction is the ability or
the potential to prevent unknown and emerging pathogen transfusion-—

transmitted diseases. And pathogen reduction may have a favorable risk-
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to-benefit ratio if the pathogen is widespread and has a high mortality
rate. There may be populations that more susceptible to the new or
actually current pathogen, and pathogen reduction chemical risk may be
offset in this type of a group. However, the use of pathogen reduction
products in the general population in anticipation of having an unknown
pathogen occur years from now is not justified by the current risk-
benefit profile.

Now, as many studies do, the SPRINT study actuélly generated more
questions than it answered. Some of these questions I'm going to sort of
try to go through right here. For example, one question can be, why did
the ARDS adverse events not show up in the phase one or phase two
testing? Well, the answer to this is not really clear. But, there are
differences between the earlier studies and the phase three SPRINT
clinical trial. For example, the phase two clinical studies were small.
They only used 20 to 24 volunteers and only used a small volume of
treated cells that were infused into these volunteers. The volunteers
were healthy and ARDS may develop only in a specific clinical situation.
Finally, the animal toxicity studies were also done only in healthy
animals so the specific clinical situation may not have been reproduced
in those types of animals. Another question that could come up from
these observations is, is there a plausible mechanism that can explain
why ARDS developed with the treated platelets transfused into highly
complex hematology patients? And the answer here is possibly yes. There
is a plausible mechanism that involves activated platelets and a
recruitment. of neutrophils to lungs. And this plausible mechanism, that
was published by Dr. Kuebler, in a summary that looked at selectins and
the emerging role of platelets in inflammatory lung disease. And this

body of literature talked about how platelets can actually recruit and
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tether neutrophils to. endothelial cells and in particular in activated
platelets they re expressing P-selectin and with trapping of these
neutrophils in the lungs may set up an inflammatory~type response and
lead to clinical situations such as acute lung injury and ARDS. So, it
would be interesting to see if pathogen treated platelets could actually
play a role or replace these activated platelets and also lead to the
similar type of neutraphil accumulation.

So, the next question could be, are there animal models to evaluate
whether treated platelets can participate in lung inflammatory disease?
And the answer is yes, there are animal models that can be used. One of
these animal models talks about acid-induced acute lung injury, and this
injury can be blocked by removing the platelets, so it would be possible
to set up an experiment like this. This is done where you could replace
protein platelets with treated platelets to see if those treated plates
could support neutraphil aggregation and accumulation in the lungs.

So, with these observations how can we move forward with pathogen

reduction? Well, there are several options available for discussion.

First of all, we would repeat the clinical trial and see if we can have

a better focus on adverse events, particularly the ones that we saw in
the original study. The study should be prospective, randomized, blinded,
with an active control. It should have a — well, this is up to
discussion but one aspect would be to adjust the dose of treated
platelets to be equivalent to the conventional platelets. The trial
should actively monitor adverse events, particularly the ones that were
grade fhree and grade four, such as pneumonitis, ARDS and syncope and
hypocalcemia. And the size of the study should be comparable to the
original study so we don’t lose‘out any sensitivity to detect those

adverse events.
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Another option that could be discussed is to utilize existing clinical
data. There is data that we heard about that’s available from Europe
through the

biovigilance networks. Now, to be able to use this data we’ 11 need to
have adequate sensitivity to detect respiratory adverse events and
passive surveillance may not be sufficient to be able to do this. And,
in order to be able to discern the adverse events that are specific for
these types of products, those studies should have a control arm of
conventional platelets.

And finally there’s an additional option, that is to design an active
surveillance using existing transfusion data from Europe to capture
appropriate safety data. That will be relevant to the observed adverse
events that we saw in the clinical trial.

So, to summarize our current thinking on evaluation of pathogen
reduction for transfusion products, the initial step would be to
identify the transfusion-transmitted disease risk, and this can be done,
as we talked about, by following septic rates or transmission rates.
Then the next step would be to evaluate transfusion product safety and
efficacy with preclinical and clinical trials and to get a

quantitation on the adverse event rate and then do a comparison between
the adverse event rate and the transfusion-transmitted risk. If the
comparison 1is favorable, we would be able to approve the PR-treated
platelets for use; however, if there are problems with the treatment and
some injury to the platelets, there may be a limitation to the use of
those products, for example, they may be used only for therapeutic
interventions instead of prophylactic interventions.

And, finally, if the risk-benefit is not favorable you can consider

approval of these products only for situations where the transfusion- -
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transmitted disease risk goes up, and this could be in situations with
an emerging pathogen epidemic. So those are our thoughts about pathogen

reduction and I thank you for your attention.
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