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Hematopoietic Stem Cell Transplantation

BIOLOGICAL CHARACTERISTICS OF
UMBILICAL CORD BLOOD

Blood cell differentiation begins with multipotent hematopoietic progenitor cells
(HPCs), which are located in the marrow spaces of the bone. These primitive cells un-
dergo division and differentiation to form the various peripheral blood cells. As the cells
reproduce, they commit to a particular task or cell line and become known as committed
progenitor cells. These committed progenitor cells are difficult to discern from the origi-
nal mulitpotent cells but can be cultured to form colonies of specific types of blood cells
(Guyton and Hall, 2000). These cultured cells, or colony-forming units (CFUs), are coded
according to the type of cells that they will ultimately produce (e.g., CFU-M cells will
produce megakaryocyte cells) (Figure 2-1). Umbilical cord blood is a rich source of these
committed progenitor cells and, presumably, multipotent HPCs (Knudtzon, 1974). In
fact, cord blood has a significantly higher concentration per volume of primitive HPCs
than does bone marrow (Nakahata and Ogawa, 1982; Smith and Broxmeyer, 1986),
thereby making it a potential source of cells for transplantation (Bodger, 1987). In labora-
tory analyses, these cells were found to have higher proliferative responses (indicating a
higher engraftment potential) than similar doses of marrow (per 10° nucleated cells per
kilogram [kg] of graft) (Mayani and Lansdorp, 1998; Barker and Wagner, 2003b). In the
last decade, the number of transplantations of HPCs derived from cord blood has in-
creased, particularly for children.

Numerous literature reports document the feasibility and efficacy of the transplanta-
tion of cord blood from a related donor for the treatment of a broad range of disorders for
which transplantion of HPCs from an adult donor is also successful, including hemato-
logical malignancies, solid tumors, constitutional and acquired bone marrow failure syn-
dromes, hemoglobinopathies, congenital immune deficiencies, and inherited disorders of
metabolism (Gluckman et al., 1997; Locatelli et al., 1999; Rocha et al., 2000; Locatelli et
al., 2003). After the early success of transplantation of cord blood from related donors,
cord blood banks were established to provide rapidly accessible, human leukocyte anti-
gen (HLA)-typed units predominantly for transplantation of HPCs from unrelated donors.
Since then cord blood banking programs throughout the world have expanded rapidly
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(Broxmeyer, 1998), with the estimated number of units stored to date exceeding 155,000
(BMDW, 2004).

The establishment of at least three independent, international registries of outcome
data—the International Cord Blood Transplant Registry (ICBTR) in 1992 (which was
transferred to the International Bone Marrow Transplant Registry (IBMTR) in 1996, and
to the Center for International Blood and Marrow Transplant Research (CIBMTR) in
2004), the European Research Project on Cord Blood Transplantation (Eurocord) in
1993, and the Japanese Cord Blood Banking Network in 1996—expedited the clinical
evaluation of the efficacy and safety of transplantation of cord blood from unrelated do-
nors. With more than 6,000 transplants of cord blood from related and unrelated donors
performed thus far, cord blood has emerged as an acceptable, alternative source of HPCs
that has some advantages over adult sources of HPCs and the availability of which repre-
sents an important development in the field.
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FIGURE 2-1 Formation of the multiple peripheral blood cells from multipotent hematopoietic stem cells
SOURCE: Guyton and Hall, 2000.
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One advantage of cord blood over adult sources of HPCs is the fact that cord blood
banking does not have the same donor attrition issues because the units are collected and
stored before they are needed. In addition, the time from unit identification to transplanta-
tion can be a matter of days to weeks rather than the weeks to months required for adult
HPC donation. Another major benefit of cord blood is the reduced capacity of cord blood
cells to produce an alloreactive response (i.e., an immune response against the recipient).
This results in less frequent and less severe graft versus host disease (GVHD) and the
ability to perform transplants with greater degrees of donor-patient HLA disparity com-
paredwith the disparity associated with adult HPC transplants, which must be minimized
as much as possible (see Box 2-1). This is thought to be due to both quantitative and
qualitative differences in the lymphoid cell content of cord blood (Risdon et al., 1995;
Roncarolo et al., 1996; Leung et al., 1999; Gluckman and Locatelli, 2000).

BOX 2-1
HLA and HLA Matching

Proteins that control tissue compatibility were first detected on the surface of white
blood cells and were named human leukocyte antigens (HLAs). Located in a cluster on
chromosome 6, the genes encoding these cell surface molecules are named the major
histocompatibility complex (MHC) (Dausset, 1981; Benacerraf, 1992; Snell, 1992;
Janeway et al., 2005).

These molecules are then further divided into class I, which is made up of HLA-A-,
HLA-B, and HLA-C, and class Il, which is made up of HLA-DR, HLA-DQ, and HLA-DP.
Although, these two classes are composed of different polypeptide chains, they assume a
very similar structure on the cell surface (Bjorkman and Parham, 1990). Figure 2-2
provides a diagram of the HLA protein, its location on chromosome 6, and its function.

An individual’s HLA genotype reflects two haplotypes (the genes inherited on a single
chromosome), one inherited from mother and one inherited from the father. Within a fam-
ily, siblings have a one-in-four chance of inheriting the same two haplotypes and, thus, of
being HLA identical. Outside the family, the situation is very different. HLA antigens are
highly polymorphic with hundreds of different HLA antigens found in the human population
(the HLA-A, HLA-B, and HLA-DR antigens alone have roughly 750,000 possible combina-
tions). However, many of these potential combinations do not exist because HLA alleles
are in linkage disequilibrium. Only a subset of all possible HLA haplotypes exist in the en-
tire population.

At present, the donated HPC cells (including cord blood) are routinely typed for HLA-
A, HLA-B, and HLA-DR loci. Each individual has two antigens at each of these sites. Thus,
when a transplant physician speaks of a 4/6, 5/6, or 6/6 match, he is talking about the
number of loci a particular donor has in common with the patient. Many transplant centers
also type the units for HLA-C and HLA-DQB1 because some data suggest that disparities
at these loci can also affect transplant the outcome of a transplant (Hurley et al., 2003).
There is ongoing research about which, if any, loci are better able to tolerate a mismatch.
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FIGURE 2-2 The human histocompatibility genes
SOURCE: Hurley (2005). See also Appendix F.

Compared with adult HPCs, cord blood cells have immune naiveté because of their
minimal previous exposure to antigens (Sirchia and Rebulla, 1999). However, immune
suppression is still required, as is the case for adult HPC transplantation, to prevent both
rejection and GVHD. In addition, although the recipient can tolerate some degree of HLA
mismatch, the clinical results are generally better with closer HLA matches. Furthermore,
cord blood-derived HPCs possess higher expansion and proliferation potentials than
HPCs derived from bone marrow. Similar differences may also account for the replica-
tive capacities of cells (Allsopp et al., 1992; Vaziri et al., 1994; Lansdorp, 1995a; Lans-
dorp, 1995b).

However, cord blood has some important limitations. Even though cord blood units
have higher concentrations of HPCs, they have relatively small volumes (~100 milliliters)
and, therefore, fewer total cells than bone marrow grafts. This can result in very low cell
doses (the number of cells in the graft per kilogram patient weight) for larger children
and adults (HRSA, 2000) . In addition, the use of very low overall cell doses (<1.5 x 10’
nucleated cells in the graft per kilogram of patient weight) results in a higher risk of
nonengraftment. Immune reconstitution with cord blood can also be slower, and, on ac-
count of this delayed immune reconstitution, CMV instances can sometimes be higher.
Some data indicate that this can be overcome by combining cells from multiple units or
by combining cord blood with highly purified HPCs from mismatched related donors.
Several investigators have also explored the ex vivo expansion of cord blood cells, but no
data supporting faster engraftment by this approach are available and few comparative
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studies of the clinical outcomes obtained by transplantation of HPCs from adult donors
and cord blood have been conducted.

The fact that cord blood transplants can be successful, even though they involve de-
grees of HLA disparity typically associated with an increased risk of GVHD in the adult
donor setting, allows transplant physicians some leeway in determining which units can
be selected for transplantation. Transplant physicians can select units with higher cells
counts instead of a closer HLA match to increase the chances of a successful engraft-
ment. However, some degree of HLA compatibility is necessary, although the minimum
acceptable level is somewhat controversial (See also Appendix G). Most cord blood
transplants are done with units mismatched for a maximum of two HLA antigens (HLA-
A and HLA-B) by using low-resolution typing techniques and for DRB1 antigens by us-
ing high-resolution typing techniques.

The detection of a suitable cord blood unit for a given patient is difficult. First, sig-
nificant differences in HLA types exist among various ethnic populations. For example,
HLA-Bw53 is found in 5.4 percent of the haplotypes in African Americans but only 0.05
percent of the haplotypes in Caucasians (Margolis and Casper, 2000). Because of the
number of possible HLA combinations, which are enhanced by the differences inherent
in the various ethnic populations, the likelihood of finding an exact match is extremely
small.

HLA-types have traditionally been identified with serologic typing (also called
“low/intermediate resolution” typing) methods. More detailed sequencing (one of the
many methods referred to as “high resolution typing”) of HLA genes revealed that each
of the serologically defined HLA types represent many more molecules. Thus, a unit
typed at the low resolution level may appear to be a match, but may be mismatched when
typed at high resolution. More information about HLA and matching can be found in Ap-
pendix F.

CORD BLOOD TRANSPLANTATION
Allogeneic Tansplantation

Most cord blood banking involves the collection, storage, and distribution of cells for
transplantation to unrelated individuals. These units are typed and stored anonymously so
that any patient who might have a medical need may use them. This transplantation in-
volving the transfer of cells from one individual to another genetically different individ-
ual is referred to as allogenic transplantion, and the individual receiving the transplant
may or may not be related to the donor.

HPC transplantation can also be done using autologous cells, in which an individual’s
own cells are collected and stored and then reinfused, generally after high-dose antican-
cer therapy. Allogeneic and autologous transplantation each has benefits and disadvan-
tages. The benefits of allogeneic transplantation include the ability to treat a wide range
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of conditions, both inherited and acquired, with HPCs from a healthy, unaffected donor.
Allogeneic cells may also have immune effects that may aid in eradicating the recipient’s
malignancy. Autologous transplantation carries the risk of the reinfusion of abnormal
cells if the cells are collected after the onset of the disease and lacks any immune-
mediated anticancer effects. The major disadvantage of allogeneic transplantation is the
use of nonnative tissue for the graft, which necessitates the use of immunosuppressive
therapy to avoid rejection and GVHD. Table 2-1 describes the details of conditions that
may be treated by allogeneic or autologous HPC transplantation.

TABLE 2-1 Indications for Allogeneic and Autologous Stem Cell Support

Disease Allogeneic Transplantation Autologous Transplanta-
tion

Leukemia (acute lymphoblas- o Effective o Controversial for acute

tic, acute myelogenous, chronic lymphoblastic leukemia

myelogenous) and chronic mylogenous

Lymphomas (Hodgkin’s dis- e Effective, but generally

ease, non-Hodgkin’s lym- indicated only when auto-

phoma) transplantation is not pos-
sible or not effective
because of higher toxicity

Myelodysplastic Syndromes e Given the high doses of

(Multiple Myeloma, Refactory chemo or radio-therapy re-

Anemias) quired, generally used on
patients under 50.

e Non-myeloablative trans-
plants are showing promise
in older and/or weaker pa-
tients.

Neuroblastoma (stage IV) o Controversial studies are
ongoing to define role re-
lated to conventional ther-
apy and autologous
transplantation

Bone and soft tissue sarcomas, e Very rarely indicated
Wilms’ tumor, brain
Tumors

leukemia
e Acceptable for acute
mylogenous leukemia

o Effective

e Effective, but only fol-
lowing chemotherapy.
Generally used in pa-
tients under 50 years of
age

e Controversial; studies
are ongoing to define
the role related to con-
ventional therapy and
allogeneic transplanta-
tion

e Rarely indicated and
effectiveness unproven
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Disease

Allogeneic Transplantation

Autologous Transplanta-
tion

Aplastic anemia and other cy-
topenias (not environmentally
caused)

Immune deficiency (e.g. severe
combined immunodeficiency
disease)

Hemoglobinopathies, thalas-
semia, sickle cell anemia

Metabolic storage disorders,
Hurler’s syndrome, metachro-

Effective

Effective

Effective; controversial in
unrelated subjects

Controversial; may be ef-
fective in selected patients

e Not indicated

e Not indicated

e Not indicated

e Not indicated

matic leukodystrophy

Renal Cell Cancer/Melanoma e Under investigation

Autoimmune disease ¢ Under investigation e Under investigation

SOURCE: AAP (1999).

Outcomes of Transplantation of HPCs from an Unrelated Donor

Engraftment of an HPC transplant is generally considered successful when neutro-
phil recovery is found. Neutrophils are the white blood cells that form the first line of
defense against infection. Because neutrophils are the first blood cells to be created, neu-
trophil recovery is an indication that the patient has begun to generate new blood cells
and hematopoiesis' is being restored. Neutrophil recovery, however, is not synonymous
with the restoration of full immune function, which requires the production and matura-
tion of various other types of white blood cells and which can take many months. It is,
however, an important milestone, indicating a high likelihood of normal hematopoiesis.

The incidence of neutrophil recovery” after cord blood transplantation, as reported in
a larger series of studies, ranges from 65 to 92 percent (Laughlin et al., 2001) and is
generally lower than that after adult bone marrow or peripheral blood transplantation.
More rapid neutrophil and platelet recovery occurs in patients receiving higher cord
blood cell doses (Wagner et al., 1996; Barker et al., 2001; Rubinstein et al., 2001; Gre-

'The development of blood cells
“Neutrophil recovery is defined as the achievement of an absolute neutrophil count >0.5 x 10%/liter, on the
first of 3 consecutive days
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wal et al., 2003). The nucleated cell dose in a graft required for consistent engraftment,
as reported by Gluckman et al. (1997), is greater than 3.7 x 10’cells in the graft/kg of
patient weight; this was associated with a shorter time to neutrophil recovery (25 days
with lower doses versus. 35 days with higher doses). Rubinstein et al. (1998) suggested
the use of a threshold cryopreserved nucleated cell dose greater than or equal to 2.5 %
107/kg of graft, whereas Wagner et al. (2002) reported success with a threshold dose of
infused CD34" cells of greater than or equal to_1.7 x 10°/kg of graft.

It has also been demonstrated that a stepwise increase in the nucleated cell dose in
the graft is associated with a progressively shortened time to neutrophil recovery
(Rubinstein et al., 1998; Rubinstein and Stevens, 2000) and that the CD34 -cell dose
predicts the speed of recovery (Wagner et al., 2002).

Several but not all studies show a relationship between HLA match and neutrophil
recovery (Rubinstein et al., 1998; Gluckman et al., 2004). Using data provided by the
National Marrow Donor Program, the New York Blood Center, and the National Heart,
Lung and Blood Institute (NHLBI) Cord Blood Transtplantation Study (COBLT), the
committee conducted its own analysis of the significance of the degree of HLA match
and cell dose on outcome. This report can be found in its entirety in Appendix G.

The probability of survival after cord blood transplantation, as reported in a large se-
ries of studies, has ranged from 18 to 78 percent (Gluckman et al., 1997; Rubinstein et
al., 1998). The variation is explained, in large part, by marked differences in patient char-
acteristics (Wagner et al., 2002). In terms of graft parameters, however, nearly all studies
demonstrate a significant relationship between cell dose and survival after cord blood
transplantation.

The association between the level of HLA match and survival is controversial, in part
because of the limited numbers of patients who have been studied and a lack of data for
all age groups. For example, Locatelli et al. (1999) reported on the outcomes for pediatric
patients with acute leukemia reported in Eurocord® registry and found that the number of
HLA mismatches did not influence survival. Similarly, in a study of 68 adult recipients
ofcord blood with zero to three HLA mismatches, Laughlin et al. (2001) also found no
association between the degree of HLA mismatch and the overall rate of survival. In con-
trast, Rubinstein et al. (1998), Rubinstein and Stevens (2000), and Wagner et al. (2002)
observed a significant negative association between HLA mismatch and survival. Other
studies have attempted to link the association between HLA mismatch and the occurrence
of GVHD but have so far been unsuccessful in formulating reliable estimates of the risk
of GVHD from transplants with HLA mismatches (Laughlin et al., 1998), although a
positive association between the two has been reported (Amos and Gordon, 1995;
Gluckman et al., 2004).

3Eurocord is an international cord blood registry that operates as part of the European Group for Blood and
Marrow Transplantation.
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Outcomes of HPC Transplantation from Unrelated Adult Donors

Transplantation of HPCs from unrelated donors for the treatment of acute leukemia
in adults is associated with a high risk of GVHD and treatment failure (Ash et al., 1991;
Laughlin et al., 2004). Cord blood transplantation may have an advantage in adult pa-
tients because of a potentially decreased risk of GVHD. However, as the cell dose is an
important determinant of the outcome and adults require higher absolute numbers of cells
to achieve adequate doses, the pool of cord blood units suitable for adult patients is con-
siderably smaller than that suitable for children.

Laughlin et al. (2001) reported on the first major series of cord blood transplants
done in adults by pooling data from five U.S. centers. The patients (68 subjects) weighed
a median of 69.2 kg (weight range, 40.9 to 115.5 kg); 54 patients had a hematological
cancer, and 50 of these patients were considered at intermediate or high risk of rejection.
In 97 percent of the grafts, HLAs between the donor and the patient were mismatched at
one of three antigens, and the median nucleated cell dose infused was 2.1 x 107 /kg of
graft (range, 1 x 10 to 6.3 x 107/kg of graft). The rate of engraftment was similar to that
in studies with perdiatric populations, with an estimated probability of myeloid recovery
of 90 percent by day 42 (median time to engraftment was 28 days)*. The probabilities of
grade II-1V and grade III-IV GVHD (see below) were 60 and 20 percent respectively.
Nineteen of 68 recipients survived 22 months after the engraftment. Faster rates of mye-
loid recovery as well as longer lengths of disease-free survival were reported for the pa-
tients who received higher nucleated cell and CD34'-cell doses. No significant
association between the extent of HLA mismatching and the kinetics of myeloid recov-
ery, graft failure, and acute GVHD was reported and the risk of severe acute and chronic
GVHD was lower than that typically reported after the transplantation of bone marrow
from unrelated donors. (Hansen et al., 1990; Kernan et al., 1993; McGlave et al., 1993;
Schiller et al., 1994; Szydlo et al., 1997; Hansen et al., 1998; Cornetta et al., 2005).

Sanz et al. (2001) reported on the results of a study in which 20 of 22 adult patients
(weigth range, 41to 85 kg) who received an unrelated cord blood transplant (total nucle-
ated cell dose ranging from 1.01 x 107 to 4.96 x 10'/kg of graft) survived more than 30
days and showed myeloid engraftment at a median of 22 days. In a separate Eurocord
report of 42 adults receiving cord blood from unrelated donors, the median time to neu-
trophil recovery was 35 days, and no patient who received less than 1.0 x 10’ nucleated
cells’kg of graft survived (Locatelli et al., 1999). Both of these studies underscore the
importance of the graft cell dose to achieving the optimal results after cord blood trans-
plantation, suggesting that the minimum effective nucleated cell dose is at least 1.5 x 10’
nucleated cells/kg of graft.

Two recent comparative studies of bone marrow and cord blood transplantation in
adults retrospectively examined the results of transplants performed over several years

*The time to a neutrophil count >0.5 x 10%/liter was associated with the graft nucleated cell dose (<1.87 x
107 versus >1.87 x 107; p = 0.003).
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(Laughlin et al., 2004; Rocha et al., 2004). Both studies concluded that cord blood grafts
in adults were acceptable alternatives to bone marrow grafts if no suitably matched bone
marrow donors were available, even though the cord blood units transplanted contatined
lower numbers of nucleated cells. The two studies differed in that Rocha and colleagues
reported that the results obtainted with HLA-matched bone marrow were similar to those
obtained with HLA-matched and mismatched cord blood, whereas Laughlin et al. found
somewhat better results with HLA-matched bone marrow than with HLA-mismatched
cord blood. Both found lower rates of acute GVHD among individuals who received
cord blood, although Laughlin and colleagues (2004) found that this was true only when
they compared the outcomes for HLA-mismatched bone marrow transplants receipients
with those for HLA-mismatched cord blood transplant recipients. The rates of recur-
rence of leukemia and the incidence of chronic GVHD did not differ significantly by
graft type. The outcomes of transplants of cord blood HLA mismatched at one and two
antigens did not differ significantly (Laughlin et al., 2004).

Cornetta et al. (2005) recently published a report describing the results of cord blood
transplantation in high-risk adults in connection with the COBLT study. Of the 30 sub-
jects infused with cord blood as a part of that study 19 achieved engraftment in an esti-
mated median time of 31 days. The survival probability of these 30 subjects was 47
percent to day 180, although only 17 percent were alive at 1 year. Analysis on the basis
of HLA match showed no significant difference in survival. Significant causes of death
included relapse and acute GVHD.

With the paucity of cord blood units available in general and the even smaller num-
ber if units with an acceptable cell dose, adults are more frequently offered a unit that is
mismatched at two HLAs and that also contains a suboptimal cell dose, a scenario that is
especially true for nonwhite adult patients.

Autologous Transplantation

Autologous transplantation is the process by which blood or bone marrow samples
from a patient are saved from a patient before the patient receives extensive chemo or
radiation therapy as treatment for a disease. The reintroduction of one's own progenitor
cells generally results in the rapid reconstitution of the immune and blood systems and
avoids the need for immunosuppressive therapy.

Private cord blood banks perform this service for people who wish to be prepared in
the event their child becomes ill. This type of treatment is useful only for a limited num-
ber of diseases or disorders, however, as preexisting genetic conditions are not treatable
because the saved cord blood contains the same dysfunctional genetic code that results in
the expression of the condition in the first place. For this reason, saving cord blood for
autologous use on a large scale may be impractical because of the limitations to its use
and the infrequency of the conditions that can be treated with the unit (Catlin et al.,
2000).
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Eurocord has taken the public position that that there is little scientific justification
for preservation unless: (1) the disorder may be corrected by reinfusion of the preserved
cord blood cells after correction of the genetic defect, and (2) it would not be considered
advantageous to attempt such a correction with cells from any other source (Fernandez,
1998). However, the committee is aware of at least 14 autologous cord blood transplant
procedures. With only one autologous transplant reported in the literature thus far (in a
child with aplastic anemia), the technique’s usefulness remains speculative (Fruchtman et
al., 2004).

Outcomes of Transplantation of HPCs from Related Donors

Information reported in IBMTR, ICBTR, and the Eurocord registry has demonstrated
that the transplantation of cord blood from a related donor will reliably reconstitutes he-
matopoiesis after myeloablative therapy. In these studies the probability of neutrophil
recovery by day 60 after engraftment was 84 percent in one such study, with a median
time to neutrophil recovery of 17 days. Platelet recovery’ was observed at a median of 56
days with a probability of platelet engraftment of 85 percent by day 180 after engraftment
(Locatelli et al., 1999). In their report of the results a comparative study, Rocha et al.
(2000), reported that cord blood transplantation results in a delayed and lower cumulative
incidence of hematopoietic recovery compared with that achieved with bone marrow
transplantation. The factors significantly associated with superior engraftment included
younger age (Gluckman et al., 1997; Rocha et al., 2000), lower weight (Gluckman et al.,
1997), the use of GVHD prophylaxis regimens that did not contain methotrexate
(Atkinson, 1990; Rocha et al., 2000; Locatelli et al., 2003), the use of a higher cell dose
(Gluckman et al., 1997; Locatelli et al., 1999) and the transplantation of units with closer
HLA matches (Gluckman et al., 1997).

In patients with bone marrow failure syndroms, inborn errors of metabolism, and
hemoglobinopates, there appears to be a trend toward a higher risk of primary graft fail-
ure, regardless of graft source (Gluckman et al., 1997).

The assessment of the risk of a relapse after the transplantation of cord blood from a
related donor is limited by the short duration of monitoring in published studies (median
24 to 34 months) and the inclusion of patients with a range of malignancies at various
stages of disease (Gluckman et al., 1997; Locatelli et al., 1999; Rocha et al., 2000). The
risk of a relapse of the malignancy in the studies in the Eurocord registry was 26 percent
with a median follow-up time of 29 to 34 months (Nash et al., 1992; Gluckman et al.,
1997; Locatelli et al., 1999) and was significantly higher in those who received the trans-
plant during an advanced stage of disease and those with low body weights (<20 kg)
(Locatelli et al., 1999). The probability of event-free survival in the studies reported in
IBMTR was 41 percent at 2 years. Notably, no increase in the rate of disease-related mor-

>Platelet recovery is defined as an unsupported platelet count >20 x 10°/liter
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tality in cord blood recipients compared with that in those receiving bone marrow was
observed (48 and 49 percent, respectively, after a median follow-up time of 27 months) in
IBMTR and the Eurocord registry.

IBMTR and the Eurocord registry have reported overall survival rates after the trans-
plantation of cord blood from a related donor of 0.61 (95 percent confidence intervals
[CI] 0.49 to 0.83) at 2 years (Barker and Wagner, 2003b) and 0.63 (95 percent CI, 0.57 to
0.69) at 1 year, respectively (Gluckman et al., 1997). In the HLA-identical sibling donor
setting, there was no significant difference in the 3-year survival rates between cord
blood transplants (survival rate, 0.64; 95 percent CI, 0.53 to 0.74) and bone marrow
transplants (survival rate, 0.66; 95 percent CI, 0.64 to 0.68).

These studies demonstrate that the transplantation of cord blood from a related do-
nor results in reliable engraftment, a reduction in the incidence of acute and chronic
GVHD, and an overall survival rate equivalent to that achieved with bone marrow trans-
plants.

Graft versus Host Disease

GVHD is one of the primary complications of transplantation of HPCs from any
source. Donor T cells in the transplanted graft attack the tissues of the recipient, a process
that occurs even after the transplantation of HPCs from an HLA-identical sibling. The T
cells can be depleted from the graft to reduce the possibility of GVHD; however, T cells
also have some beneficial effect. Donor T cells can destroy residual recipient lympho-
cytes, thereby reducing the likelihood that the recipient cells will reject the graft. Evi-
dence also indicates that T cells from the donor actually attack residual cancer cells,
thereby increasing the likelihood of a cure.

GVHD is classified into two forms: acute, which generally occurs within the first 100
days posttransplantatation, and chronic, which generally occurs later. Different immune
cells and cytokines appeared to be involved in each form of the disease, and different
subsets of organs are most affected in each form. Acute GVHD is generally graded from I
(mild) to IV (severe); chronic GVHD is generally graded as limited or extensive. There
is, however, extensive variability on the part of transplant centers in the diagnosis of
acute GvHD. For this reason, any discussion of the relative instances of GVHD should be
viewed with careful scrutiny.

The transplantation of cord blood from a related donor is associated with incidences
of grade II to IV (3 to 18 percent) and grade I1I and IV (0 to 5 percent) acute GVHD and
chronic GVHD (4 to 14 percent) (Gluckman et al., 1997; Rocha et al., 2000; Locatelli et
al., 2003) lower than incidents that would be expected with bone marrow or peripheral
blood transplants.

The incidence of grade II to IV acute GVHD (33 to 44 percent), grades III and IV
acute GVHD (11 to 22 percent), and chronic GVHD (0 to 25 percent) reported in studies
with large numbers of tranplantations of cord blood from an unrelated donor varies
widely (Gluckman et al., 1997; Rubinstein et al., 1998; Wagner et al., 2002; Grewal et
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al., 2003). However, all of these incidences are lower than those that would be expected
with bone marrow transplants, because most donor-patient pairs were HLA mismatched
at one or two antigens. However, most recipients of cord blood have been young (chil-
dren generally have lower rates of GVHD) and far fewer data are available for adult pa-
tients. Rubinstein et al. (1998) reported a low rate of acute GVHD in recipients of HLA-
matched cord blood grafts and no increase with increasing HLA disparity (one, two, or
three antigen mismatches).

Current data indicate that an HLA mismatch may be better tolerated with cord blood
grafts. An IBMTR and Eurocord study that compared the outcomes from children who
received a cord blood transplant from an HLA-identical sibling with those from children
who received bone marrow from an HLA-identical sibling observed significantly lower
incidences of acute and chronic GVHD in the cord blood transplant group (Rocha et al.,
2000). That study perhaps provides the clearest indication of a difference in biological
properties between the two progenitor cell sources, as the interpretation of GVHD after
transplantation of unrelated cord blood and after transplantation of bone marrow is often
complicated by different levels of HLA histocompatibility and other patient heterogenei-
ties.

Two other studies have compared the frequencies of GVHD in the receipients of
bone marrow and cord blood from unrelated donors (Barker et al., 2001; Rocha et al.,
2001). The findings of a matched-pair analysis from a single institution found that the
risk of acute GVHD and that of chronic GVHD were similar when the outcomes for re-
cipients of unmanipulated bone marrow matched for HLA-A, HLA-B, and HLA-DRB1
were compared with those for the recients of cord blood from an unrelated donor mostly
mismatched by one or two antigens (Barker et al., 2003). In another study, transplants
involving cord blood at zero to three antigen mismatches were associated with a signifi-
cantly lower risk of acute and chronic GVHD compared with the risk of GVHD from
transplants involving unmanipulated, mostly HLA-matched bone marrow transplants
(Barker et al., 2001). Study data indicate that despite the greater degrees of HLA dispar-
ity that are accepted in cord blood transplantation, the risk of developing acute and
chronic GVHD after the transplantation of cord blood from an unrelated donor with one
to two HLA mismatches is similar to or even less than that reported after the transplan-
tation of HLA-matched bone marrow (Barker et al., 2001; Rocha et al., 2001).

The reason for this lower risk of GVHD after cord blood transplantation is not clear.
Researchers speculate however that the functional and phenotypic immaturity of cord
blood lymphocytes or the reduced T-cell dose infused with cord blood grafts may con-
tribute to the reduced alloreactivity of cord blood (Barker and Wagner, 2003a).
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Relapse and Graft-Versus-Leukemia) Effect

Current experience comparing the risk of relapse after cord blood transplantation
with that after bone marrow transplantation is limited. In an analysis of transplants be-
tween HLA-matched siblings, the 3-year survival rates among patients with a diagnosis
of a malignancy were comparable after cord blood and bone marrow transplantation (p =
0.69) (Laughlin et al., 2004). In another study of HPC transplantation as treatment for
acute leukemia in children, Rocha et al. (2001) compared the outcomes among children
receiving cord blood and those receiving unmanipulated bone marrow or bone marrow
depleted of T cells. The proportion of individuals with advanced-stage leukemia was lar-
ger among the individuals receiving unmanioulated bone marrow and cord blood than
among the individuals receiving T-cell depleted bone marrow (9 percent). Interestingly,
although the recipients of both T-cell-depleted bone marrow and cord blood had lower
incidences of acute and chronic GVHD than the recipients of unmanipulated bone mar-
row, only the group that received T-cell-depleted bone marrow and not the group receiv-
ing cord blood had an increased risk of relapse (p = 0.02).

Overall, no evidence available thus far suggests that the risk of a leukemia relapse is
higher after cord blood transplantation.

A study in mice and humans showed that the infusion of donor-derived alloreactive
natural killer (NK)° cells not only provides a graft-versus-leukemia (GVL) effect, but
may also protect against GVHD by targeting patient antigen presenting cells (Harris,
1995). Cord blood contains levels of NK cells and inducible NK-like cytotoxic activity
similar to those in adult peripheral blood (Harris et al., 1994), which might explain the
preserved GVL effect.

NHLBI Cord Blood Transplantation Study

NHLBI began COBLT, a prospective, multicenter study, in 1996 to examine the nas-
cent field of cord blood transplantation. The intent of the study was to collect data from
studies on the banking and transplantation of cord blood to create a coherent set of guide-
lines and standards for the collection, preservation, and transplantation of cord blood
(COBLT, 2000b). The primary endpoint of the COBLT study was the 180-day survival
rate among patients who had received a cord blood transplant for the treatment of hema-
topoietic or immune system disorders. Patients were considered eligible to receive a cord
blood unit if they were either unable to find an appropriate bone marrow match or unable
to wait for the transplant because of the severity of their illness. An appropriately HLA-
matched cord blood unit (a high-resolution match at HLA-DRBI1 and a low-resolution
match at HLA-A and HLA-B), for the patients also had to be identified, and the patients

SImmune cells that do not need to recognize a specific toxin
"The GVL effect is the ability of the immune cells in transplanted HPCs to recognize cancer cells as for-
eign and attack them.
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were required to provide informed consent for the transplantation of cord blood (COBLT,
2000a).

Although the original goal of the study was to bank more than 15,000 cord blood
units from a racially and ethnically diverse population, University of California, Los An-
geles (UCLA) and the Carolinas Cord Blood Bank of Duke University banked only 8,000
units from 1998 to 2000. Between 1999 and 2003, 326 patients were enrolled to receive a
cord blood transplant at 1 of the 28 transplant centers around the country (Carter, 2004).
After the patients were enrolled in the study, their HLA types were determined by high-
resolution DNA typing methods and were categorized into the 10 strata shown in
Box 2-2.

In addition to the 180-day survival endpoint, the study also collected data on long-
term patient survival; incidences of neutrophil engraftment primary and secondary graft
failure, platelet engraftment, red blood cell engraftment, complications, relapses, and ap-
pearance of other malignancies; and immune reconstitution. A medical coordination cen-
ter managed the coordination and statistical analysis of the data from the banks and
transplant centers. The center created and maintained a World Wide Web-based data
management system to track the multiple variables and provided periodic statistical
analysis of the results.

BOX 2-2
Stratification Variables for the COBLT Study

1. Malignant disease (infant leukemias), total body irradiation/cytokine (TBI/Cy) condition-
ing regimen, high-resolution HLA match (five or six of six HLAs, <18 years of age

2. Malignant disease (infant leukemias), TBI/Cy conditioning regimen, high-resolution HLA
match (four of six HLAs), <18 years of age

3. Malignant disease (infant leukemias), TBI/Cy conditioning regimen, high-resolution HLA
match (three of six HLAs), <18 years of age

4, Malignant disease (infant leukemias), TBI/Cy conditioning regimen, high-resolution HLA
match (one or two of six HLAs), <18 years of age

5. Severe aplastic anemia, Fanconi anemia, and other marrow failure syndromes

6a. Inborn errors of metabolism or storage diseases

6b.  Combined immune deficiencies

6c.  Other nonmalignant diseases

7. Malignant disease (infant leukemias) with alternative conditioning regimen (bisulfan and
melphalan)

8. Adult patients (>18 years of age)

SOURCE: COBLT (2003).
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Eligibility

Mothers who gave birth at hospitals affiliated with the UCLA or Duke University
banks between 1998 and 2000 were considered possible cord blood donors for the study.
Donors were recruited through brochures placed in obstetrical office waiting rooms and
presentations to community groups in the areas of the collecting hospitals. Informed con-
sent was obtained before admission to the hospital for labor. However, in the event that it
was not possible for the mother to provide informed consent, verbal consent or prelimi-
nary informed consent was obtained immediately before or during labor and was reaf-
firmed after delivery. Of the 35,799 available donors, 20,710 consented to the collection
of their cord blood. After the exclusion of units with low cell counts, microbial contami-
nation, and positive serological test results for an infectious disease, and the units that
could not be collected after consent was obtained because of a lack of collection staff, the
study was able to cryopreserve 8,731 cord blood units (Cairo et al., 2004).

In 2000, NHLBI convened an ad hoc committe when it realized that the study was
not going to meet its goals for collection and transplantation on schedule. The study staff
was having difficulty encouraging potential transplant recipients to use what was essen-
tially an experimental product (i.e., cord blood transplantation), and it was competing
with other banks outside the study that often had more suitably matched units for the
transplant patients. Participation in the COBLT study was increased to include an addi-
tional 21 U.S. transplant centers, and access to cord blood units banked at the New York
Blood Center, NMDP-approved banks, or U.S. banks meeting FACT/Netcord standards.
All transplant centers followed COBLT protocols and reported transplant outcomes ac-
cording to COBLT protocols. The increase in the number of transplant centers and access
to additional units facilitated the completion of the COBLT study. In addition, cord blood
units were made available to patients who did not meet specific transplant criteria for the
COBLT study strata through a separate protocol called the Expanded Access Protocol.
Transplant centers using COBLT units in the Expanded Access Protocol were required to
report the transplant outcome data to the COBLT medical coordinating center. The study
allowed the use of these external transplant data, as long a COBLT laboratory performed
the HLA typing and the transplant center complete the forms required for participation in
the COBLT protocol. These requirements were developed to ensure that all outcomes
data for the patients with cord blood transplants analyzed in the COBLT study were con-
sistent with those from the centers already participating in the study.

The study made a concerted effort to increase the ethnic and racial diversity of their
cord blood inventory, which by extension would increase the diversity of the HLA types
with different ethnic and racial populations. The collection centers were specifically
tasked to retrieve specified proportions of cord blood specimens from targeted minority
populations to ensure that potential minority recipients had a similar chance of locating a
unit as any other group. The target distribution of the sources of the cord blood speci-
mends in the bank was 43 percent Caucasian, 30 percent African American, 17 percent
Hispanic, and 10 percent Asian American (COBLT, 2000b). As of 2003, the distribution
of the blood specimens in the COBLT cord blood banks by ethnicity and race were 42
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percent Caucasian, 15 percent African American, 22 percent Hispanic, 9 percent Asian,
11 percent mixed, and 1 percent other (Baxter-Lowe et al., 2003). The study team came
to the conclusion that it was possible to provide at least one unit matched at four of six
HLAs (minimum cell dose, 1 x 10" total nucleated cells) to 94 percent of patients who
were searching for a cord blood unit for transplantation (Baxter-Lowe et al., 2003).

Although the study results are still being evaluated, a definite relationship between
the volume of cord blood collected and the nucleated cell counts and CD34" levels was
observed. The study has reported that cord blood samples from African-American women
generally have lower nucleated cell and CD34 -cell counts per milliliter of cord blood
(Kurtzberg et al., 2004) than samples from Caucasian women. The study also reported
that birth weight, gender, gestational age, and type of delivery (vaginal versus cesarean)
affect the size and the quality of the cord blood units. It has found that these factors are
significant in the selection of units and are important in the development of plans to re-
cruit donors (Cairo et al., 2004).

SUMMARY

This chapter summarizes what is known to date about the relative effectiveness of
cord blood transplantation, either allogeneic or autologous in terms of engraftment and
GVHD compared to HPC transplantation from other sources (bone marrow or peripheral
blood). It also described the federally funded COBLT, which aims to collect data from
the banking and transplantation of cord blood to create a coherent set of guidelines and
standards for the collection, preservation, and transplantation of cord blood.
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