FOCUS: COMPONENT THERAPY
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Developments in Component Therapy: Novel
Components and New Uses for Familiar Preparations
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Over the years, the significant role of blood components in treating
certain diseases or conditions has been recognized. The use of these
components has expanded as patients undergo chemotherapy for
bone marrow ablation and require short-term component support.
On the other hand, these transfusions can cause reactions ranging
from mild to severe. Despite advances in serological testing for in-
fectious disease agents, the risk of infectious complications from
transfusion still remains. In addition, newly identified agents that
may be transmitted via transfusion are constantly identified.

The cellular components most people are familiar with include
packed red blood cells (PRBC), washed PRBC, leukoreduced
PRBC, and pooled or apheresis platelets. Plasma products such as
fresh frozen plasma (FFP) or crytoprecipitated anti-hemophiliac
factor (CRYO), on the other hand, may not be as familiar. As our
understanding of how the immune system functions and as tech-
nology has progressed, specialized components or manufactured
products such as blood substitutes have been advanced as rem-
edies to some of the complications with component transfusion
or to meet the ever-increasing need for these products.

In this article we will focus on some of the new uses of common
components and uncommonly used or newly developing compo-
nents. We will discuss their origins, composition, and the condi-
tions or diseases they are used to treat. These components include:
* donor leukocyte infusions

* dendritic cell vaccines

* blood substitutes

* novel platelet products and substitutes

* intravenous immunoglobulin (IVIG)

* fresh frozen plasmaand cryosupernatant in therapeutic plasma exchange.

The variety of products and conditions reflect the ever-expanding
role of immunohematology in the treatment of disease.
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ABBREVIATIONS:

AML = acute myeloid leukemia; APT = antigen presenting cell;
CML = chronic myeloid leukemia; CRP = cryoprecipitate reduced
plasma; CRYO = crytoprecipitated anti-hemophiliac factor; DC =
dendritic cell; DCLHb = diaspirin cross-linked hemoglobin;
DCLHb = diaspirin cross-linked hemoglobin; DLI = donor
lymphocyte infusion; DMSO = dimethylsulfoxide; FFP = fresh
frozen plasma; GVHD = graft-versus-host disease; GVL = graft-
versus-leukemia; HbOC = hemoglobin-based oxygen carrier; HLA
= human leukocyte antigens; IPMs = infusible platelet membranes;
IVIG = intravenous immunoglobulin; LEHb = liposomes
containing hemoglobin; PAP = prostatic acid phosphatase; PBMC
= peripheral blood mononuclear cells; PEG = polyethylene glycol;
POE = polyoxyethylene; PRBC = packed red blood cells; TPE =

therapeutic plasma exchange.

INDEX TERMS: blood and platelet substitutes; blood component
therapy; blood components; novel blood components.
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LEARNING OBJECTIVES

At the end of the article the learner will be able to:

1. Identify the major diseases treated with each of the compo-
nents discussed.

2. Discuss the preparation of DLI and why CD4 cells are re-
tained, while CD8 cells are depleted.
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3. Describe the general process of making a dendritic cell vaccine.

4.  Describe the different types of red cell substitutes and differ-
entiate between them.

5. Explain at least two of the possible ways in which intravenous
immunoglobulins may interact with the immune system.

6. Explain why cryoprecipitate reduced plasma is effective in
treating thrombotic thrombocytopenia.

7. List and describe the platelet products under development.

The role of the routine blood bank in providing therapeutic prod-
ucts has changed dramatically within the past five years. More
emphasis is being placed on new and improved blood compo-
nents and alternate uses for products. In addition, new sources for
blood products have been researched, particularly in the field of
blood substitutes. A review of the state of the art in some of these
areas is timely. Donor lymphocyte infusion (DLI) is a new use for
the lymphocyte fraction obtained from apheresis. Blood substi-
tutes are coming of age and several sources of hemoglobin based
oxygen carriers are currently in Phase III clinical trials. A promis-
ing immunotherapeutic approach to cancer therapy is dendritic
cell vaccines. A number of dendritic cell vaccines are in Phase 1
and II clinical trials. FFP and cryosupernatent (the supernatent
left after cryoprecipitate is made) are being used in therapeutic
plasma exchange (TPE). Intravenous immunoglobulin (IVIG) has
been used for over ten years; however, new applications for the use
of this product are being studied. Cryopreservation and lyophiliza-
tion of platelets and platelet substitutes are all being studied as
remedies for the short shelf life of platelet components. These,
then, are the areas that will be explored here.

DONOR LYMPHOCYTE INFUSION

Patients with chronic myeloid leukemia (CML) are offered the
opportunity of a cure with allogeneic hematopoietic stem cell trans-
plantation. Disease-free survival rates at five years reach 70% in
transplanted patients. The cure is most likely partially due to the
graft-versus-leukemia (GVL) effect mediated by donor-derived T
lymphocytes. The GVL effect is primarily due to the derivation of
the T cells from a healthy donor individual. The T cells in CML
patients have been compromised by the tumor escape mechanisms
that facilitate the growth of the CML in the patient.! When trans-
planted patients relapse after achieving remission, the administra-
tion of donor T lymphocytes is considered the initial response.
DLI is achieved by collecting the transplant donor’s white blood
cells through apheresis. The donor cells are treated to deplete CD8+
T cells or other potentially harmful donor cells to prevent graft-
versus-host disease (GVHD). The CD4+ T cells are necessary for
the GVL reaction to occur.?

Various studies have shown that optimal numbers of CD4+ cells
are required to induce remissions. Mackinnon and colleagues stud-
ied limiting the T cell dose given to induce remission. They found
that most patients achieved remission at a dose of 1 x 107 T cells/
kg body weight or above. However, the incidence of GVHD was

greatly reduced at the lowest remission T cell dose of 1 x 107/kg.?
Mandigers also studied a target T cell dose along with CD8+ cell
depletion and saw similar results.

Because the treatment of early CML relapse with DLI after stem
cell transplant induces remission in the majority of patients stud-
ied, it is becoming an important treatment option. There is also
promising data indicating that the use of DLI will affect remis-
sions in relapsed acute myeloid leukemia (AML) patients.’ These
remissions may not be as common as those for CML patients, but
some patients have stayed in remission for up to two years. In
addition, DLI has been shown to have a graft-versus-myeloma ef-
fect in multiple myeloma patients.® As DLI becomes an increas-
ingly documented and effective treatment, it will likely become
the standard of care for such patients. Undoubtedly, blood centers
and blood banks will be involved in the future procurement and
cell manipulation of the DLI and in DLI storage and thawing, as
they are becoming similarly involved in stem cell transplantation.

DENDRITIC CELL VACCINES

Dendritic cells (DCs) are the most potent of the antigen present-
ing cells (APCs). DCs can be found in most organs, the T cell
areas of secondary lymphoid tissues, and circulating in the periph-
eral blood. During a normal immune response, the APCs phago-
cytize and process antigen and then present it along with MHC
Class IT molecules. The individual’s T cells specific to that antigen
will bind to the APC through the presented antigen and MHC
molecule. The T cell will then be stimulated to respond and ini-
tiate the primary immune response. It is known that many tumor-
associated antigens are weak immunogens and do not stimulate
the immune response well. This lack of immunogenicity may be
due to tolerance to self-antigens that is normally induced in the
immune system during the education of T cells in the thymus.”
Because it appears to be difficult to encourage natural antigen pre-
sentation of tumor-associated antigens, several groups of investi-
gators have tried exposing the patient’s DCs to exogenous sources
of these antigens in vitro.

A phase I clinical trial was conducted in patients having prostate can-
cer. The investigators used mouse prostatic acid phosphatase (PAP)
instead of the patient’s own PAP to stimulate DCs obtained from the
patient by peripheral blood leukaphoresis. The DCs and mouse PAP
were incubated together overnight at 37 °C. The resulting antigen-
treated DC vaccines were then reinfused into the patient. A T cell
response to the self-PAP was then seen in 11 of 21 patients treated.
Six of the patients showed stabilization of a previously progressing
prostate cancer. No toxicity to the vaccine was seen.”

In another phase I clinical trial, solid tumors from children were
reduced to single cell suspensions and cultured. The tumor cells
were then lysed and the cell suspension, presumably containing
tumor-associated antigens, was incubated with DCs collected from
the patient by peripheral blood leukapheresis. The resulting DC
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vaccines were now tumor specific for each patient’s tumor. The
vaccines were reinfused into the patient. No toxicity to the vac-
cine was seen in any of the 15 patients enrolled in the study. Six of
the 15 patients were evaluated for immune response to the tumor
lysate and three of the patients demonstrated a significant increase
in response. The other nine patients did not have sufficient clini-
cal material for evaluation.® Similar responses have been shown to
occur in malignant gliomas.’

Metastaic melanoma tumor antigens having epitopes recognized
by MHC Class I restricted cytotoxic T cells (CD8+) cells have also
been identified. Thus, DC vaccines may not be the only useful cell
vaccines. In vitro stimulation of peripheral blood mononuclear cells
(PBMC) with tumor antigen derived epitopes and then returning
the PBMC to the patient can induce a high number of tumor
antigen reactive T cells in the patient."

The advent of cell-based vaccines for cancer immunotherapy may
be another area into which the future blood center and blood bank
may expand. The preparation of these vaccines on a scale neces-
sary for the treatment of multiple patients will require more space
and effort than a research laboratory can provide.

RED CELL SUBSTITUTES

There are three types of red cell substitutes currently being studied for
use in transfusion medicine. The goal is to enhance oxygen-carrying
capacity for patents suffering from acute anemia due to blood loss.
All of these have shown some promise for use in patients who refuse
blood or in situations where blood is not readily available.

Hemoglobin-based oxygen carriers (HbOCs) are being studied as
oxygen carrying substitutes for blood cells. They are purified cell-
free hemoglobins, where the globin portion of the molecule has been
modified chemically by conjugation, cross-linking or polymerizing.
Modification increases the oxygen releasing ability of the hemoglo-
bin. HbOC: fall into three categories: surface modified hemoglo-
bins, cross-linked hemoglobins, and polymerized hemoglobins. Sur-
face modified Hbs have molecules attached to the lysine residues on
the surface of the hemoglobin molecule. Such attachments can be
made using polyethylene glycol (PEG) and polyoxyethylene (POE).
Such small molecules stabilize the hemoglobin and increase its mo-
lecular weight. Two of these products, PEG-Hb and pyridoxyl Hb-
POE, are currently in clinical trials. Cross-linked Hbs consist of Hb
subunits attached to each other using internal covalent bonds.
Diaspirin cross-linked hemoglobin (DCLHD) is produced by using
a reagent that cross-links the lysine residues in the Hba chains. These
cross-links delay clearance of the free Hb from the circulation by
stabilizing the Hb tetramer." Most of the clinical studies have been
done using human DCLHb. DCLHb trials were halted in 1999
due to increased mortality in some trial enrollees.'? Polymerized Hbs
are cross-linked at lysine residues with glutaraldehyde, which then
has active aldehyde groups at both ends of the molecule. This allows
polymers of Hb tetramers to form." Human polymerized Hb is
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currently in clinical trials, as is a polymerized bovine Hb product.
The bovine HbOC has completed phase I1I clinical trials and has
been approved in South Africa for treatment of perioperative ane-
mia in adult surgical patients.'?

Perfluorocarbon-based red cell substitutes consist of carbon back-
bones highly substituted with fluorine. While they can dissolve
large amounts of oxygen, the perfluorocarbons themselves are not
water-soluble. To deliver them intravenously, they must be emul-
sified. This is accomplished using a surfactant such as a phospho-
lipid. Perfluorocarbons were the original red cell substitutes and
have potential due to the ability to synthesize them from non-
biological sources. This not only allows large-scale production, but
also eliminates the transmission of diseases to recipients. The
perfluorocarbons are biologically inert; however, the phospholip-
ids required to emulsify them are not, leading to complications
when they interact with the immune system.

Three perfluorocarbons have entered clinical trials. The first to do
so was marketed as Fluosol-DA and was licensed by the FDA in
1989."* However, it was withdrawn from the market due to lack of
sales. Oxyfluor, an emulsion of perfluordichloroactane and egg
yolk phospholipid with safflower oil, began clinical trials.'* How-
ever, its development has been discontinued. The only
perfluorcarbon that remains in clinical trials is Oxygent, an emul-
sion of perfluoroocytl bromide and egg yolk phospholipid. Oxygent
is being studied for use in perioperative hemodilution to allow
more extensive hemodilution.”

Hemoglobin-containing liposomes (LEHDb) are formed using spheres
of phosphatidylcholine to form a lipid bilayer that replicates the red
cell membrane. Hb solution is then introduced inside the bilayer.'®
Since this is not a cell-free Hb, some of the potential for toxicity is
diminished. Replicating the cellular format also results in a longer
half-life in the circulation than the perfluorocarbons and most of
the HbOC preparations. LEHb does, however, have a higher affin-
ity for oxygen than some of the other red cell substitutes. Standard-
izing the size of liposomes is also problematic."!

PLATELET PRODUCTS AND SUBSTITUTES

Platelets participate in primary hemostasis by initially adhering to
the vascular subendothelium and then using interactions between
glycoproteins on the platelet surface and fibrinogen to initiate ag-
gregation with the eventual formation of a platelet plug. Patients
with low platelet counts may have petechiae or ecchymoses and
those with extremely low platelet counts are at risk for spontane-
ous hemorrhage.

Major indications for transfusing platelets include prophylaxis in
inheritable conditions that result in thrombocytopenia or dysfunc-
tional platelets and to end active bleeding in thrombocytopenic
patients. A little over 50 years ago, the only sources of platelets
were from fresh whole blood or platelet rich plasma. Since that
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time, the first separation of platelets by centrifugation yielded a
product with a shelf life of about two hours and refrigeration of
platelet concentrates at 1 °C to 6 °C provided products with a
shelf-life of 24 hours. Thirty years ago we began to store platelets
only at room temperature. The advent of new plastic containers
allows platelets to be kept for up to five days before outdating.

In recent years platelet transfusion therapy has focused on the use
of two products—random donor pooled platelets or apheresis plate-
lets. Obtaining a ‘pooled platelet’ preparation is a two-step proce-
dure. First, one unit of platelets is harvested from a unit of red
cells. Then four to six of these individual units (from different
donors) are ‘pooled’ together in a single pack to be given to a throm-
bocytopenic patient. Apheresis platelets, on the other hand, are
those collected from a single donor using cell separator instru-
mentation. As blood cycles through the machine, platelets are re-
moved and all other blood constituents returned to the donor.
The amount of platelets collected with this procedure represents
the equivalent of four to six units of random donor platelets.
Leukoreduction filters can be used with either of these to remove
the majority of white blood cells before infusion and therefore
decrease the risk of sensitization to human leukocyte antigens
(HLA), symptoms caused by production of cytokines in the stored
PRBC:s, or the risk of transmission of cytomegalovirus.

The risks associated with sensitization include development of al-
loantibodies to HLA antigens or to platelet-specific antigens. These
antibodies may cause the patient to experience a febrile non-
hemolytic transfusion reaction or become refractory to a platelet
transfusion. A patient who is ‘refractory’ does not have the expected
increment in the post-transfusion platelet count due to antibody-
mediated destruction of transfused platelets. In some cases in which
the patient has developed antibodies to HLA antigens and become
refractory, apheresis platelets that are HLA matched to the patient’s
antigens may be used. A summary of problems and biological risks
associated with platelet transfusions are listed in Table 1.

Platelets have short shelf life and also develop changes in func-
tional ability during storage. Even with the short shelf life, storage
at room temperature increases the risks of bacterial growth. Over
the past 40 years, unsuccessful actempts were made to cryopreserve
or lyophilize platelets to overcome these problems and today the
search for alternative ways of preserving platelets or creating plate-
let substitutes continues. Numerous criteria that novel platelet
products or platelet substitutes should meet have been described
in the literature and some of these are listed in Table 2."'®* How-
ever, just as with the functional comparison between packed red
blood cells and blood substitutes, these products are designed for
short term treatment of active bleeding and do not possess all the
functions of fresh human platelets.

Products under development to augment platelet function, de-
crease risks associated with transfusion, or to substitute for plate-

lets include: cryopreservation with or without synthetic additives,
lyophilized platelets, photochemically treated platelets, infusible
platelet membranes, and fibrinogen coated albumin
microspheres.'” 81

Cryopreservation

Platelets suspended in dimethylsulfoxide (DMSO) at -80 °C have
been preserved up to ten years and represent the ‘gold standard’ of
preserved platelet products. During the thawing and post-thaw
processing however, these platelets develop functional and mor-
phologic defects. Although there is some loss of functional activity
when compared to fresh platelets, cryopreserved platelets do dem-
onstrate a reduced level of primary hemostatic activity.'”??* The
numbers of platelets that are recovered is about 75% of the origi-
nal number and they have a short circulation time in vivo.'”?
Because of the complexities of storing, processing, and thawing
frozen platelets, the current use is limited. Several studies have
been done using a decreased concentration of DMSO with a plate-
let-stabilizing solution (ThromboSol™) to decrease problems such

Table 1. Biological risks associated with platelet transfusion

Alloimmunization (development of antibodies to HLA or
platelet specific antigens)
—refractory state
—febrile non-hemolytic transfusion reactions

Bacterial, viral or parasitic contamination
—disease transmission
—septic shock

Immune system effects [uncommon]
—immunosuppression
—graft-versus-host disease

Table 2. Selected criteria for platelet substitutes or novel
platelet products

Function hemostatically as ‘live platelets’
—attach to vascular surfaces
—provide a procoagulant surface

Avoid initiating consumptive coagulopathy or thrombosis
Not transmit infectious diseases

Be non-immunogenic

Have a long shelf life and simple storage requirements

Be easy to prepare
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as decreased recovery and short circulation time that occur with
current methods of cryopreserving platelets. This solution inhib-
its platelet activation pathways and protects against cold storage
lesions. Results of these studies have shown higher recovery rates
and longer survival times than with the 6% DMSO method as
well as fewer processing steps.”? There are investigations under
way to develop methods that do not require processing after freez-
ing and can be directly infused after thawing.

Lyophilized platelets

Lyophilized platelets are created after treatment with a paraformal-
dehyde solution and then freeze-dried.”* Specific advantages of
this product include storage measured in years instead of days, re-
duced storage space and true sterility. Once rehydrated, they appear
to retain structural integrity and attach only to damaged subendot-
helial surfaces.” They will also change shape and extend pseudo-
pods in preparation for plug formation.”” Thus it appears that the
Gplb receptor which binds to vonWillebrand factor and then to
collagen of the injured surface is not significantly affected by freeze-
drying.”? Data for other receptor complexes such as GPIIblIla ,
which is the fibrinogen receptor, are not as clear cut. The number of
these receptors and their function appears to be diminished but not
entirely eliminated.”” There appears to be minimal risk for develop-
ing systemic thrombosis after administration. Animal studies have
shown that the rehydrated lyophilized platelets have hemostatic ef-
ficiency—measured by bleeding time—similar to that of fresh plate-
lets; however this effect continues for only several hours.”

Infusible platelet membranes

Infusible platelet membranes (IPMs) are manufactured from
outdated platelet units in an attempt to provide a stable product
that mimics the actions of the platelet-derived microparticles.®
Platelet derived microparticles (microvesicles) are the particles that
form spontaneously from a platelet during collection and processing
of components. They have been found in platelet concentrates,
fresh frozen plasma, and cryoprecipitate.” They appear to have
the ability to function as a platelet—they are procoagulant active,
adhere to vascular subendothelium, and enhance platelet adhesion
to form a primary hemostatic plug. Studies have shown that the
IPM:s do retain some function of Gplb receptor and bind to vWF
and can initiate local fibrin formation, but much of the GplIIb/
I1Ia is lost.?** One application for IPMs may be in patients who
are refractory to platelet transfusions and for whom finding HLA
matched plateletpheresis donors is difficult. One problem appears
to be a relatively short life (less than 24 hours) in vivo.?

Miscellaneous microspheres

There are a number of products that use formaldehyde fixed plate-
lets, liposomes, or 10% albumin spheres as a basis on which to
coat fibrinogen or platelet membrane glycoproteins. Results from
some of the pre-clinical trials show that these products appear to
be able to enhance the adhesion of platelets and formation of ag-
gregates but in vivo stability remains a problem.
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Contamination of platelets

A peripheral but important issue with transfusion of human pooled
platelets is the risk of transfusion transmitted diseases—especially
bacterial-and the associated potential for septic shock and death.
While serologic tests for transfusion transmitted viruses such as hepa-
titis B have reduced the incidence of viral transmission significantly,
there have not been concurrent advances for detecting bacterial con-
tamination. Platelets stored at room temperature create an ideal in-
cubation environment for growth of bacteria. Studies indicate that
1in 2,000 to 1 in 3,000 platelet units are bacterially contaminated,
with sepsis occurring with about 1/6 of the contaminated units trans-
fused.?*** Units at the end of the four to five day storage period are
the most likely to be contaminated.** Contamination can origi-
nate from occult bacteremia in the donor, induction of skin bacteria
such as Staphylococcus epidermidis during phlebotomy, or contami-
nated collecting devices. Detection of contaminated units is diffi-
cult and a number of methods have been proposed to determine
contamination prior to transfusion.?* These include examination
of Gram’s stains of units at day four or five, or surrogate methods
such as measuring low pH or glucose levels of units with a urine
dipstick. The major disadvantage of these methods is that they are
not sensitive and require large numbers of organisms for detection.
One study showed that detection methods must be sensitive enough
to detect 100 CFU/ml by day three of storage.*® Several researchers
have evaluated an automated culture system which could detect or-
ganisms with concentrations as low as 10 to 100 colony forming
units /mL in 9 to 26 hours.**¥ The results indicated that short-time
culture in automated systems may be useful in screening platelet
units for contamination. Methods used to prevent contamination
have also been investigated. One method is use of a photochemical
agent and ultraviolet light (UV) to inactivate bacteria and viruses in
conventional platelet units. The chemical, in the presence of UV
light, will bind to DNA to prevent transcription and replication. 34
Studies have shown this treatment will inactivate high concentra-
tions of bacteria and viruses without significantly affecting the he-

mostatic activity of the platelets.*%

Intravenous immunoglobulin

Once the fractionation of immunoglobulins was successfully per-
formed in the 1940s, the use of immunoglobulins (especially
gamma globulin) became an established method of providing pro-
tective, passive immunity for some diseases. However, intravenous
administration was not possible because the method of prepara-
tion often resulted in a variety of patient side effects including
anaphylaxis. During the 1980s and 1990s changes in manufactur-
ing allowed fractionation of the product into IgG portions that
could be solublized and used intravenously.?!

Intravenous immunoglobulin (IVIG) is made from large pools of
donor plasma (hundreds to thousands of donors). This polyclonal
preparation contains 90% to 98% IgG and small amounts of IgA
and IgM.* Bacteria are removed by filtration and viral agents are
inactivated by a variety of mechanisms. This pooling of donor
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plasma provides a diversity of antibodies that have led to the use of
IVIG for treatment in a wide spectrum of diseases. In contrast,
monoclonal antibodies have a use that is limited to a specific dis-
ease. For example anti-tumor necrosis factor can be used as ad-
junct treatment for rheumatoid arthritis.

The mechanism of how IVIG works is not completely known.
Studies with specific diseases and animal models have shown that
the therapeutic action includes one or more of the mechanisms
listed in Table 3.4 The most commonly recognized mechanisms
appear to be those of competition for binding sites on the Fc re-
ceptors of phagocytic cells and the binding of anti-idiotypic anti-
bodies (antibodies to human antibodies) to autoantibodies by at-
taching to the Fab portion of the immunoglobulin molecule.

IVIG was first licensed in the early 1980s to be used as treatment for
primary immunodeficiency diseases characterized by hypogamma-
globulinemia and/or recurrent infection. For individuals with these
diseases, it provides a source of antibodies and decreases the inci-
dence and severity of infections in this population. After its initial
use as a replacement therapy, it was also found to have an
immunomodulatory effect and its use expanded to include selective
treatment for hematologic, inflammatory, and infectious diseases
that have an immunologic component. The FDA has approved the
use of IVIG for treatment of more than 30 disease conditions in-
cluding primary immune deficiency, B-cell chronic lymphocytic leu-
kemia, idiopathic thrombocytopenia purpura (ITP), pediatric hu-
man immunodeficiency virus infection, Kawasaki syndrome, and
neuroimmunologic diseases such as Guillain-Barre syndrome and
selected obstetric conditions. In addition, it has been approved for
use in allogeneic bone marrow transplant patients to prevent GVHD
as well as infections. The relative success of IVIG in many condi-
tions, however, has also led to use in treating many other conditions
for which it has not been approved.

One of the first conditions in which IVIG was recognized as effec-
tive treatment was TP In ITP the two major mechanisms for
action of IVIG include blocking Fc receptors on splenic macroph-

Table 3. Potential mechanisms of IVIG

Binding to complement proteins

Inhibition and regulation of cytokine action
Interference with antigen recognition by T cells
Activation of neutrophils

Competition for binding to Fc receptors
Interaction with superantigens

Binding to autoantibodies

ages and reaction of anti-idiotypic antibodies with autoantibod-
ies. It appears that more immediate effects are due to inhibition of
the RES and the anti-idiotypic antibodies may function in a long
term protective role.™*% A study of antibody coated platelets showed
that the Fc fragments of immunoglobulins in IVIG gave protec-
tion by inducing expression of an inhibitory receptor on effector
cells. This decreased or prevented the clearance of the antibody-
coated platelet.® In another study, high-dose IVIG therapy accel-
erated clearance of autoantibodies but could only explain 20% to
40% of the decrease in autoantibody concentration after therapy.*
When ITP occurred in pregnant women the IVIG was also effec-
tive in decreasing platelet damage in the fetus.

Another obstetrically-related condition in which IVIG has been
used is neonatal alloimmune thrombocytopenia (NAIT). In this
disease, the mother develops antibodies against fetal platelet anti-
gens, most commonly the Human Platelet Antigen 1a, formerly
known as PL¥. Infants with this condition are born with clinical
indications of moderate or severe thrombocytopenia and may be
at risk for intracranial hemorrhage.”” As with other fetal-maternal
alloimmune conditions, the risk to the fetus and the severity of
the condition can become more severe with each subsequent preg-
nancy. Once the condition has been identified, IVIG can be given
to the mother during the pregnancy. IVIG crosses the placenta
and provides protection to the fetus. It may also inhibit maternal
immunoglobulin synthesis through a feedback mechanism or in-
hibit transport of the maternal antibodies across the placenta. This
is effective in decreasing platelet destruction in 50% to 80% of
cases. 7% A study by Gaddipati linked the initial fetal platelet count
to the subsequent efficacy of IVIG therapy. If the fetal platelet
count was >20,000/microliter then approximately 89% of future
counts were above that level. If the platelet count was <20,000
then only 51% had an increased count after the IVIG.?

Although the use of Rh immunoglobulin (Rhlg) has successfully
reduced the number of cases of Rh_ (D) hemolytic disease of the
newborn due to anti-D, there are some Rhlg failures. In addition
hemolytic disease of the newborn may be due to antibodies to
other blood group system antigens. In cases where the maternal
antibody is extremely high and intrauterine transfusion is unable
to be performed, IVIG has been used to decrease maternal anti-
body titer.7>

Because neonates have an immature immune system and may be
at increased risk for infection, the use of IVIG in treating sepsis
has also been studied. Studies as well as a meta-analysis of studies
of IVIG use in treating neonatal sepsis showed that IVIG may be
of significant benefit in addition to standard treatment for neo-
nates early in the onset of sepsis but had minimal benefit when
used prophylactically.’">

Autoimmune diseases are another area in which IVIG has been
used. These diseases present challenges for treatment. One is bal-
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ancing the suppression of the immune system against the risks of
infection. Another challenge is dealing with exacerbation or crises
in the disease when the antibody titer reaches very high levels.
IVIG has been useful in treating autoimmune diseases such as
myasthenia gravis. The culprit in this condition is an autoanti-
body to acetylcholine receptors that interferes with nerve impulse
transmission. It is characterized by weakness of voluntary muscles
and affects both women and men of any age. Although drugs are
the usual long-term therapy, IVIG is a temporary treatment to
decrease antibody production. One study determined that there
may be some efficacy in using IVIG as a replacement treatment
for patients with Guillain-Barre syndrome who could not undergo
plasma exchange.”

Kawasaki syndrome is a leading cause of acquired heart disease in
North America and Japan. Its cause is unknown although an infec-
tious agent has been suggested. It is a self-limiting disease that leads to
coronary artery lesions.” Therapy with IVIG along with aspirin dur-
ing the first ten days of the illness decreases risk of coronary artery
damage. There is some evidence to suggest that the IVIG may also
decrease circulating cytokines that mediate much of the damage.

There are multiple studies of other possible applications of IVIG
therapy in diseases with infectious or immunologic origins.>**® In
pediatric HIV patients who have hypergammaglobulinemia but
the impaired ability to produce specific antibodies, IVIG was used
to decrease episodes of acute pneumonia but unfortunately did
not increase survival.”* Another study looked at whether IVIG could
be used in treatment of acute rheumatic fever.”” Despite the un-
derlying immunologic basis for acute rtheumatic fever, IVIG showed
no effect on clinical progress or other disease parameters. In an-
other study IVIG was studied as a supplemental treatment in pa-
tients with sepsis and septic shock.”® Again there was no overwhelm-
ing improvement in those who received the IVIG, but it appeared
to decrease morbidity and mortality in some patients when used
as part of the treatment protocol.

COMPONENTSUSED IN THERAPEUTIC PLASMAEXCHANGE
Fresh frozen plasma

Fresh frozen plasma (FFP) is the component created when plasma
is removed from a unit of blood and frozen at —18 °C within eight
hours after collection. It contains stabile and labile coagulation
factors, immunoglobulins, and proteins and has been used in treat-
ing a number of conditions (Table 4). One of the most common
ways it is used is in therapeutic plasma exchange (TPE). TPE in-
volves removal of a patient’s plasma and a return of the cellular
elements in a liquid medium replacement. FFP is the preferred
medium over crystalloids such as physiologic saline or albumin
because it is not only a volume expander, but is also a source of
proteins and immunoglobulins. Over the years, TPE has become
accepted therapy for a number of diseases such as cryoglobuline-
mia, myasthenia gravis, Guillain-Barre syndrome, and thrombotic
thrombocytopenic purpura (TTP).” It has been used with vary-
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ing degrees of success in diseases such as cold agglutinin disease,
systemic vasculitis, chronic inflammatory demyelinating polyneur-
opathy, hemolytic uremic syndrome (HUS), and to remove high
levels of antibody in pregnant women when uterine transfusion
cannot be accomplished. Although TPE generally will not cure
the underlying condition, the procedure will often temporarily
alleviate symptoms by decreasing the concentration of the under-
lying problematic plasma component. Table 5 lists some of the
specific components that can be removed by TPE.

The disease in which TPE has been used most successfully is TTP
and this disease will be used as an example of how TPE may allevi-
ate underlying conditions.

TTP is characterized by a pentad of symptoms including thromb-
ocytopenia, microangiopathic hemolytic anemia, fever, neurological
symptoms, and renal dysfunction. It may manifest as a single acute
episode or a chronic relapsing condition. The cause of the disease
is unknown but it may be triggered by a variety of conditions in-
cluding pregnancy and infections. In TTP a combination of en-
dothelial cell damage and platelet aggregation agents results in
microthrombi and a consumptive thrombocytopenia. Research has
shown that in contrast to the usual platelet plugs that are com-
posed of platelets and fibrinogen, those in TTP are composed of
platelets and ultra large multimers of vonWillebrand Factor
(uLvWF).-¢2 The presence of these uLvWF multimers led research-
ers to investigate why these multimers were present. Findings in-
dicate it may be an absence of a vWF cleaving protein in the plasma
of patients with TTP. Plasma exchange using FFP removes some
of the multimers and provides a source of enzyme, however, the
FFP itself remains a source of vWE®"* Although TPE treatments
are successful in many cases, there were a number of patients who
did not respond. The research of causes and the identification of
vWPF as a possible cause led to the use of another blood compo-
nent in TPE—cryoprecipitate reduced plasma (cryosupernatant

or cryo-poor plasma).®-%

Table 4. Indications for use of fresh frozen plasma

Consumptive coagulopathies such as disseminated
intravascular coagulation (DIC)

Multiple coagulation factor deficiencies

Liver disease

Dilutional coagulopathies such as those seen in massive
transfusion

Thrombotic thrombocytopenia purpura (TTP)

Deficiencies of Protein C, Protein S

$202Z £ |udy uo /610 sjose:eusnols|o-urewmy//:dny woJj papeojumod


http://hwmaint.clsjournal.ascls.org/

Cryoprecipitate reduced plasma
Cryoprecipitate reduced plasma (CRP) is
the plasma remaining once cryoprecipitate
has been prepared from the FFP. Prepara-
tion of the cryoprecipitate removes much
of the fibrinogen, Factor VIII, and vWF
from the plasma. However, the vWF en-
zyme remains. This eliminates a source of
vWF for multimer formation and provides
the patient with the deficient enzyme to
degrade the existing multimers. TPE is the
only disease in which the component is
used as therapeutic treatment.

The major type of transfusion reaction as-
sociated with the use of either component
in TPE is allergic (reaction to plasma pro-
teins). In a few cases these may be anaphy-
lactic when the recipient lacks serum IgA
and has developed antibodies to plasma
IgA (anti-IgA antibodies). The risks are
relatively small in comparison to the high
mortality of untreated TTP.

In summary, this article has addressed the
use of some novel component preparations
in treatment of specific disease conditions
and the status of substitutes for conventional
components. The constantly changing tech-
nology, the increased knowledge about how
the immune system functions, the increased
numbers of patients needing component
support, and the spectrum of transfusion-
transmitted diseases will assure that the re-
search and clinical trials of new components
will increase in the coming years.

FOCUS: COMPONENT THERAPY
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