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EDITORIAL

Pathogen inactivation: a new paradigm for blood safety

n this issue of TRANSFIISION, Klein and colleagues'
report the results of a consensus conference on
pathogen inactivation (P) sponsored by the Cana-
dian Blood Service and Héma-Québec. The organiz-
ers of the conference have done an ouistanding job of
selectmg ihe panel and posing questions that nicely fraine
 the issues regarding P The panel has written an outstand-
ing report that will be of interest to all of us in transfusion
medicine and of great help in considering-the future of
" PI. In this editorial, I will review and discuss some of
the panel’s findings and place them into context with my
assessinent of the present paradigm for minimizing
transfusion-transmitted infections and the cwTent status
of PI. 1 will also provide some additional perspective to
some of the issues that the panel identified in their exten-
sive consideration of this evolving field and suggest that
these issues will require extensive discussion with many
stakeholders. Finally, 1 wilt offer my conclusions about
where we need to move in the future. ‘

SHORTCOMINGS OF THE PRESENT.
PARADIGM FOR MINIMIZING .
TRANSFUSION-TRANSMITTED INFECTIONS

~ Since the onset of the AIDS epidemic, the panel noted
dramatic improvemenis that hdve been made in blood
safety. These have come from new tests for transmissible
diseases: seven have been introduced in the United States
since 1985, along with many additional questions in the
donor medical history. Current rates of posttransfusion
infection from the most well-known agents are extremely
low and range from 1 in 900,000 to 7.8 milljon (human
immunodeficiency virus [HIV]) units of blood to 1 in
77,000 ¢ 1.1 million (hepatids B virus [HBV]).'* On the
basis -of this background of data, the panel's position
“was that PT cannot be. recommended for introduction
“based on the relatively. low rates of existing infectious
transfusion-related complications alore” (italics are this
. author's). This conclusion illustrates that our present
paradigm for the prevention of transfusion-transinissible
infections has served us and patients extremely well over
the past two decades, The issue then becomes whether
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this paradigm can be sustained in the future and can con-
tinue to be the best approach to maximize blood safety.

Qur present- paradigm for preventing transfusion-
transmitied  infections has. several shortcomings
including: '

1. Tt applies only to known pathogens and transfusion-
transmitted infections. Thus, the paradigm accepis
that new agents will be allowed to enter the blood
supply and our response will be reactive after the
problem becomes apparent. West Nile virus (WNV) is
the most recent example of the reactionary nature of
our present paradigm. The blood banking and/or
transfusion medicine community, industry, and regu-
lators worked together to respond to the epidemic
with unprecedented speed.? As many as several thou-
sand patients may liave been infected, however, and
in one report 7 of 23 infected patients died.’ Another
example of a new infectious agent entering the blood
supply is the Chikungunya virus epidemic that
occurred in-the island of Le Reunion® a French
department in the Indian Ocean. The outbreak was
due to a new variant that may have enabled the virus
to adapt-to a néw mosquito vector.” Because a large
proportion of the population was infected, blood
donation was halted on the island, red cells (RBCs)
and plasma were shipped in, and PI procedures were
put in place for island platelet (PLT) donations. At
least 37 cases.of infection by this virus are now knowrn
.in the United States, although these cases occurred in
‘travelers returning from epidemic areas.®

2. The cwrrent paradigm does not even prevent all -

. known transfusion-transmitted infections. A test has
recently become available for Chagas disease, but
no practical steps are used to prevent babesiosis,
Dengue, HHV-8, babesia, and others. Attempting to
prevent transfusion-transmitted malaria by travel

- history' is ineffective and - defers many otherwise
suitable donots. Cytomegalovirs (CMV) infection is
another example of the shortcomings of our current

“ paradigm. Even after leukodepletion or CMV anti-

" body screening of donated  blood, transfuslon—
wansmitted CMV occurs.” :

3. Because our present paradigm is reactive to the

occurrence of new infectious agents, it accepts that
some patients will be harmed before steps can be
taken to minimize transmission of the agent. WNV -
.and . patients infected, some. fatally, ae the most
recent examples of this shortcoming.



4. Current methods to detect and/or prevent transfu-
sion of bacterially contamninated products are inad-
equate. The AABB standard requiring methods. to
reduce bacterial contamination of PLTs led to the
introduction of testing and has reduced the danger of
transfusion-transmitted sepsis. The available test
methods, however, are not really sujtable for this
purpose and even after introduction of screening,
transfusion-related sepue leactions continue to
occur.'®

5. Many donors whose blood does not pose a risk to

patients are temporarily or permanently deferred
because of thelack of precision of the present screen-
ing tests or deferral criteria. The best examples of this

" paradigm deficiency are domor history questions

regarding travel io malaria areas and travel to the
United Kingdom and France for new variant CJD.

The panel recognized these shortcomings, particu-
larly the threat of emerging viruses, and recommended
“that PI should be implemented when a feasible and safe
method to ipactivate a broad .spectrum of infectious
agents is available.”' The panel based this recommenda-
tion in part on the precautionary principle. This principle
recommends that when a threat to the public health can
be reasonably predicted, a proactive approach should be

taken and that the burden of proof is on those who advo-

cate a restrictive approach.

' CURRENT STATUS OF Pl

Methods ‘

Solvent/detergent (5/D) treatment has been used: for

yeéars in the manufacture of plasma derivatives. S/D is also

. used to prepare individual units of frozen plasma from
pools . of approximately 2500 donors. Although this
product is ne ionger available in the United States, it is
used in some other countries primarily in Europe. S/D
inactivates only lipid envelop viruses. Methylene biue can
be added. to plasma and, when exposed to visible light,
inactivates most viruses and bacteria. ‘Methylene blue
treatment of plasma is used in some European countries.

Several othier mmethods target and daimage DNA or

RNA thus preventing organisms from reproducing. The
three that are most highly developed involve the use of

" riboflavin {vitamin B2) and UV light for PLTs, plasma and
RBCs (Navigant Corp), the psordlen compound amo-
tosalen and UV light for PLTs and plasma {Cerus Corp.),

" and a bifunctional alkylator for PI of RBCs {Cerus Corp.).
Details of these methods can be found in recent
reviews.™"

Toxicity of compounds used for Pl
- The safety profiles of these compounds have been studied

in ways consistent with general pliarmacology*!! and are
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within safety limits. Although the alkylator compound
used for RBC Pl is similar to alkylators used in chemeo-
therapy. it appears to have a satisfactory safety profile.®

. Pathogens inactivated

Amotosalen, riboflavin, and the alkylator inactivate a wide
variety of -pathogens at up to 10° or more particles per
milliliter.”1* The extent to which this level of PI reverses the
threat from all pathogens that would be expected in'an
apparently healthy blood donor is difficult 10 conclude.
Most commercial assays detect both full-length and
incomplete noninfectious particles, making it difficult to
determine the true level of infectivity in -apparently

. healthy blood donors. For most transfusioh-transmitted

infections, the level of measurable particles in apparently '
healthy individuals is below the extent of inactivation
obtained in vitro. PI with the amotosalen method effec-
tively inactivated HBV and hepatitis C virus (HCV) in an
animal model; and other studies suggest the efficacy of PI
for gther agents with other compounds:' It appears that

--these three compounds are very effective inactivating

transfusion-transmitted pathogens including those for
which no prevention strategy is currently in place.

Graft-versus-host d—isease

Because the PI process damages DNA and prevents the
replication of nucleic acids, the _process prevents replica-
tion of lymphocytes in treated blood componénts.'™*
Thus, Pl-treated blood components should not cause
transfusion-related grafi-versus-host disease (GVHD).
This promise has been confirmed clinically in _éome

~ centers in Europe that have discontinued irradiating P1

PLTs produced'with“the amotosalern method without
chserved Hansf_usion—related'GVHD.”"” o

Present use of Pl worldwide

There is extensive literature that documents-the in vitro
and animal studies of cell and protein function that have

. occurred with PI compounds, a wide variety of in vivo
" Phase [ studies, and a number of clinical trials of P that

have been widely discussed at international meetings and

'in excellent literatre reviews 3™ As a result of this long

and comprehensive developmental process, PI PLTs are
being used in éight countries in Europe and work to gain

.experience using the technology is under.way in four

more. Approximately 80,000 units of PLTs PI using amo-
tosalen have been transfused in Europe. Postmarketing
studies of these PLTs as part of structured heniovigilance
programs in Europe have not revealed unexpected prob-
lems or complications after approximately 20,000 units of
amotosalen PI PITs have heen transfused to approxi-
mately 3,500 patients. The Phase III trials of amotosalen
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fresh-frozen plasma (FFP) are completed; this product is
approved in Furope and is now being used in two coun-
tries. Although PI of RBCs is technically more difficult and
some methods were hampered by the development of
antibodies in recipients, methods for PI of RBCs are under
active study and may be available for implementation.in
coming years.

OTHER ISSUES CONSIDERED BY
THE PANEL

Noninfectious hazards of transfusion

The panel recognized that the noninfectious hazards of
transfusion such as TRALI and mistransfusion are more
prevalent than currently recognized transmissible dis-
eases and that PT does not address these problems. The
panel did not believe that this issue should delay or inhibit
the adoption of Pl when the technology is ready. The panel
urged that blood suppliers continue efforts to reduce
these noninfectious complications but points out that the
introduction of PI technology is not mutually exclusive of
these eﬁorts

Rate risks

One concern with PI may be of a rare risk that would not
be manifest until PI blood components have been trans-
. fused to alarge number of patients. Although this problem
may seem unique to PI, it really is not. Clinical trial data

for licensure of any drug, biologic, or device will never be
' sufficienitly extensive to identily very rare complications.
The FDA must take rare risks into consideration with any
drug, biologic, or device they license, Unfortunately, the
United States does not have an effective system for post-
marketmg studies based on prehcensure data.'® As the

panel points out, this is the ‘weakest link in the regulatory’

process.” They propose that licensure of PI mandate post-

.. marketing studies-as a conditién of approval and that

these studies might be somehow integrated with develop-
ing hemovigilance programs. An additional approach

might include use of the RADAR project, which identifies -

previously unrecognized adverse drug and device reac-
tions.”” Follow-up of patients receiving amotosalen FI
PLTs is linked with some hemovigilance programs in
Europe.

“Costs
The panel did not address the costs of lmplementlng PI

* technology. They recomimend that economic evaluations -

of PI should be carried-out but emphasized that adoption
of PI should be based on “considerations in addition té the
results of an economic analysis."! Costs are “just one
factor” in considering the use of PL As the pane} points
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oui, many {most??) of the steps taken over the past two
decades do not conform to the concepts of cost effective-
ness used in other areas of inedicine and health care. In
the discussion of cost, the panel emiphasized the impor-

. tance of maintaining public confidence in the safety of the

blood supply. This combined with the precautionary prin-
ciple is consistent with other decisions regarding blood
salety made over the past two decades and argues for the
introduction of PI.

PI'might not be as costly as some critics fear. In addi-
tion to elimination of the patient care costs of the diseases
transmitted, transmission of agents not now tested should
be prevented and those patients spared new infections. In |
the future, the countless hours spent in developing strat-
egies to deal with new agents would be avoided and the
costs of testing and loss of donors due to false—pbsi'tive

screening tests or medical history questions would be ’
" eliminated. In addition, irradiation of blood products,

testing for bacterial contamination of PLTs, and testing for
CMV and WNV could probably be eliminated; implemen-
tation of a test for trypanosomiasis could be avoided; and
7-day storage of PLTs couid be reconsidered. Because
plasima is replaced with a PLT additive solution during the

~amotosalen and potentially the riboflavin Pl process,

more plasma would become available for fractionation,

_thus providing some revenue. Because plasma is removed

and because PI stops cytokine synthesis, transfusion reac-
tions to PLTs should be decreased,' thus improving
patient care and reducmg the costs of managing these
reactions. -

implications for developihg countries

Pl is discussed here in the context of developed countries.
In many parts of the world, blood safety and transfusion-
transmissible infections are a much greater problem than
in developed countries. It is hoped that as PI becomes
more widely used, the technology could be made available
in some practical way in parts of the world where it is

" currently difficult to obtain an adequate supply of safe

bloocl

Imp!icétions of widespread adoption of Pl
The panel also addresses several practical issues in the

implementation of PI such as the problem of dual ifrven-
. tories. The amotosalen method for P of plasma and PLTs
widely used in Europe is different from that company’s

method under development for RBCs. Thus, that combi-
nation would not provide a single systern for P of all blood
components. The riboflavin technology can be used for
PiTs, plasinag, and RECs, making a single procedure effec- -
tive for all components. Although currently there is no
single licensed P system for all blood components, the



_panel felt that this should not delay adoption of PI-for
some components if overall considerations warrant its
use. ’

If some, but not all, of the saine blood component is
subjected to Pl, a dual inventory would arise. Both whole
blood-derived (buffy coat) and apheresis PLTs are
approved for use in Europe, so a single inventory of all PI
PLTs is available there. It will be difficult to create a single
inventory of PLTs in the United States, however, because

" whole blood-derived PLTs produced by the PLT-rich
plasma method have not been studied in clinical trials. It
seems unlikely thit the United States would convert to
buffy coat PLTs to adopt PI becausé only about 26 percent

of PLTs in the United States are prepared from whole

blood.” This problem could create preéssure to speed the
conversion to apheresis PL.Ts, motivate the manufacturers
- to develop a method for PI of PLTs produced with the
PLT-rich plasma method, or provide incentive for the pro-

duction of buffy coat—derived PITs in the United States,

(currently happening in Canada).

Patlent selectnon issues _
There is no evidence that components that have under-

gone PI pose a unique risk for any particular group of -

patients. The panel recornmends that-PI products be
made available to all patients unless new data indicates
an as yet unknown risk for specific patients. Thus, for

instance, the panel concluded that there is no need to’

withhold PI components from neonates or pregnant
women, -

THE STAKEHOLDERS FOR OUR PI -
DELIBERATIONS -

The panel recommends "broa[.i public consultation” as
partofihe decision rega:chng adoption of PI. Stakeholders
include industry, academia, the blood banking and/or
transfusion medicine community including transfusion
medicine physicians and leaders of blood supply organi-

zations, physicians who use blood in their pracuee, regu- -

lators. and most of all patients.

Industry has done impressive wotk to develop Pl
technology and pubhclze their results. They have the

responsibility to continue thorough, careful development
of P} technology pursing appropriate safety and efficacy
issues to produce a product that is helpful to patients and
can be immplemented into the blood supply system practi-
cally and realistically. '
Academia also has'a role. The compames develc»pmcr
PI technology do not have the breadth and depth of
knowledge that exists in our Universities. Thus, industry
should avail themselves of this expertise and university
* scientists and physicians should collaborate when it is
appropnate
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The blood banking and/or transfusion medicine
community has the responsibility to consider PI with a
view to the Jong-term future. Transfusion medicine physi-
cians should have the patients’ interest as their first pri-
ority. If PI improves transfusion therapy, which our
European colleagues have concluded, then PI should be
adopted more broadly. Leaders of blood supply organiza-
tions have the responsibiiity to consider PI with an open
mind. The technology may be technically complex, but
this issue should not deter us from being open to it. We
have successfully implemented many compléx technolo-
gies such as apheresis, radioimmunoassay, ELISA, and
NAT. Thus, the consideration is whether it is time for a
paradigm shift to further improve blood safety and, if so,
whether Pl is ready for adoption beyond Europe. PI may
alter our current operations or be inconvenient, but these
issues have been true of most improvements. Leaders of
blood supply organizations have the responsibility to look

. beyond these short-term logistical issues. .’

Regulators play a key role in the evolution of PL Their
requirements must be consistent and based on scientifi-
cally sound-and-available- data. It is- essential that they
speak with one voice and from a single point of view. It is
reasonable to expect that they will look beyond the ben-
efits of the elimination of existing transfusion-transmitted
infections and take into account elimination of some
cuitent activities that may become redundant with PI
introduction. .

Physicians who use blood in their practice depend on
those of us in the transfusion medicine and/or blood
banking community to demonstrate leadefship in provid- |
ing high-quality transfusiop’ therapy. Dialogue with and
among these physician groups will be important to hear
the concerns and questions of transfusing physicians, to
educate them as to thé benefits and tnique aspects of P1
products, and to determine the best ways to introduce PI

. blood components into clinical practlce at the appropn-

ate time,
Of course, the primary stakeholders are patients. They
must be the focus of all of us in transfiision medicine and

- blood banking. It is our responsibilf'ty to provide adequate

and safe transfusion therapy and to make available the
appropriate blood products. To this end, we must ask the
hard questions of the developers of PI, expect complete

- data and high-quality clinical trials; and be open to the

introduction of technology that may be complex, chal-
lenging, or even distuptive to our present operations. If PI
improves patient care, patients have a right to expect that |
we use our expertise and creativity to implement change.

CONCLUSIONS OF THE EDITORIALIST

The body of work to' develop Plrepresents very substantial

progress, PI is now widely used in Europe and has arrived
at a point for realistic consideration in Canada and the
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United States. [ believe that the benefits of P] extend far
beyond eliminating the small number of remaining infec-
tions from the traditional list of transfusion-transmitted
infectious diseases such as hepatitis or HIV. The benefits
include shortening the long list of other transfusion-
transmitted infections that are not prevented by present
technology or other methods of donor screening. The ben-
efits will also be proven with emerging agents or changes
in known agents such as SARS or Avian flu. In addition.
irradiation of blood components could be eliminated,
removing transfusion-associated GVHD as a lethal com-
- plication of transfusion. We afe at the end of the useful-

niess of the present paradigim and must move 1o a new one,

It is incumbent on all of us 10 consider PI in this broad

context. . '
Jeffrey McCullough, MD

Depdrtment of Laboratory Medicine & Pathology

University of Minnesota

420 Delaware Street SE

Minneapolis, MN 55455

e-mail: mecul00I @uann.edu
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