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Umbilical Cord Blood: An Evolving Stem Cell Source for Sickle Cell
Disease Transplants
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SUMMARY

Allogeneic hematopoietic stem cell transplantation has proven benefit in controlling sickle cell disease-related vasculopathy and organ
damage. Myeloablative matched sibling donor cord transplants have excellent outcomes in sickle cell disease. Unrelated donor
transplant options are often deferred because of a lack of suitable human leukocyte antigen-matched donors, a problem especially
relevant tominority populations. Umbilical cord blood transplantation allows formoremismatching from the graft-versus-host disease
perspective and the donor pool is expandable with effort and education. Drawbacks such as increased rates of graft rejection, a fixed
cell dose, delayed immune reconstitution, and transplant-relatedmortality have deterred unrelated cord transplant efforts. However,
the transplant community continues to make enormous strides in this transplant realm in areas of immunogenetics, stem cell expan-
sion, conditioning regimens, and supportive care. This has allowed the development of new studies that are currently ongoing,
exploring ways to make cord blood transplantation successful and safer. The goal is to make unrelated donor cord blood transplanta-
tion for sickle cell disease merit early consideration in patients who stand to benefit from this approach. STEM CELLS TRANSLA-
TIONAL MEDICINE 2013;2:337–340

INTRODUCTION

Sickle cell disease (SCD) is a genetic disorder driven by a single amino
acid substitution in the �-globin chain of adult hemoglobin. In the
homozygous state or in conjunction with other hemoglobin disor-
ders (such as hemoglobin S-� thalassemia), it results in red-cell de-
formity/polymerization, chronic vasculopathy, irreversible organ
damage, andearlymortality.Althoughsupportive carehasadvanced
by leaps and bounds over the last decade, it often does not fully
control ongoingorgandestruction (recurrent strokes, pulmonaryhy-
pertension) or is toxic/ineffective (red-cell alloimmunization, failed
hydroxyurea, or iron overload) [1]. If a matched sibling donor (MSD)
is available, the success of hematopoietic stem cell transplantation
(HSCT) in curing SCD currently supports exploring this option earlier
rather than later in afflicted patients [2, 3]. Severe manifestations
that are either potentially fatal or afford poor quality of life (Table 1)
merit consideration of transplant from unrelated donors using the
best available stem cell source. This intervention is directed at a cure
and prevention of ongoing organ damage that leads to permanent
morbidityorearlymortality thatoftenconstitutes thenatural history
of this diseaseevenwith current levels of supportive care [4]. Putting
this balance in perspective for a family includes explaining the aim to
cure while taking a risk regarding the possibility of immediate mor-
tality or chronic morbidity (graft-versus-host disease) versus early
mortality in the third or fourth decades (untransplanted) with signif-
icant performance and life quality issues prior to fatality, a difficult
decision [5]. How these balance issues are perceived often depends
on familydynamicsandsupport,priorexposure topatientswithSCD,
age of the patient, education, and availability of resources. The cost
and acceptability of a decision needs to be based on the above fac-
tors and the balance between a potentially curative one-time inter-

vention (HSCT) and recurrent hospitalizations, lifelong morbidity,
and a poor quality of life [6]. If HSCT is considered, umbilical cord
blood (UCB) is a stemcell sourceoptionbecauseof easy accessibility,
although there are limitations to using cord products as discussed
later, such as cell dose requirements and human leukocyte antigen
(HLA) matching, that inhibit success and compromise outcomes [7].
Advances targeted at overcoming the disadvantages of cord blood,
however, make this stem cell source an evolving potential for SCD
transplants.

OPTIMIZING CORD BLOOD AS A DONOR SOURCE

Until gene therapy becomes a reality in SCD patients, the quest to
optimize transplant procedures and stem cell sources will need to
continue, especially for those with severe disease manifestations.
For more than two decades, transplant was considered only if pa-
tients with severe SCD had a MSD (normal or with trait) available,
which was the case for less than 14% of SCD patients [8, 9]. In the
absence of a MSD, donor options include a matched unrelated do-
nor, amismatched unrelated donor, UCB product, or a haplo-identi-
cal family donor. Each of these stem cell sources is associated with
advantages and complications innate to the graft source and trans-
plant method used. The advantages of a cord product include easy
availability, a source that is enriched for hematopoietic stem and
progenitor cells, and the ability to transplant a partially HLA-mis-
matched product because of a lower incidence of graft-versus-host
disease (GVHD); disadvantages include increased risk of graft rejec-
tion, a fixed cell dose, delayed engraftment/immune reconstitution,
and associated morbidity/mortality. Center for International Blood
andMarrow Transplant Research (CIBMTR) data from 2011 suggest
that approximately 40% of patients of African origin can find a suit-
able (HLA matched at five or six of six loci: A, B, DRB1) cord product
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from accredited cord banks. High-resolution typing is traditionally
reserved only for the DRB1 locus; class I typing is typically under-
taken at low or intermediate resolution, a convenience/luxury that
allows for better availability of product. Of note, inmalignant disor-
ders, transplants matched with six of six loci (A, B, and DRB1) had
better outcomes than those matched with eight of eight loci [10].
Transplants with one or two antigens mismatched fared signifi-
cantly betterwith a total nucleated cell (TNC) dose of�5� 107/kg,
whereas smaller products, especially those mismatched at two or
more loci, had higher treatment-related mortality (TRM) or GVHD,
as did productswith a TNCof�2.5�107/kg and/ormismatched at
�2 loci [11, 12]. They should be used with caution, especially in
nonmalignant disorders that are not immediately fatal. However,
productsmismatched at two loci are likely to be identified at higher
frequency and can be considered in a trial setting designed to im-
proveoutcomesdespite themismatch, byoptimizing cell dose (TNC
�5�107/kg), consideringdouble cord combinations, or enhancing
engraftment by cell expansion techniques discussed below. Mea-
suring colony-forming unit is a useful parameter for predicting cord
viability and neutrophil and platelet engraftment, but the lack of
standardized methods to do so makes this less universally accept-
able [13]. Matching cord products to noninherited maternal anti-
gens results in lower TRM after umbilical cord blood transplant
(UCBT), presumably because of T-cell tolerance to maternal haplo-
types developed during the fetal period [14].Manipulation (such as
isolation of human placenta-derived stem cells) of cord stem cells
and expansion of product ex vivo prior to infusion using growth
factors, prostaglandins, nicotinamide, or CD26/DPPIV inhibitors are
in early phase clinical trials with unclear but potential benefits of
enhancing engraftment [15]. Others such as single or double cord
transplantswithmesenchymal stromal cell-based, cytokine, copper
chelator, or Notch-ligand based expansion have been reported in
experimental clinical trial settings with early promise [16, 17]. Suc-
cessful interventions in these directions will eventually be applica-
ble toSCDtransplantswithUCB.SCD-specificexperimental trialsare
alreadyunderwayusingsomeof these technologies toexploreben-
eficial options. A targeted effort to increase cord blood banking fo-
cusing onminority populations has been underwaywith assistance
from the CIBMTR and helps to expand cord bank inventory [18].
Individual cordbloodbanks aremaking their ownefforts using tools
such education and information sessions in obstetric practice and
minority groups.

UCB TRANSPLANTATION FOR SCD: THE PAST, PRESENT,
AND FUTURE

Although the SCD population in the United States is more than
72,000, only approximately 500 transplant procedures were re-

ported to the CIBMTR by 2011, over a span of 10–15 years. Of
these, 85%wereMSD transplants, and 80%were in children less
than 16 years of age. Deterrents besides the lack of suitable
donors have been the complications of HSCT: infection, GVHD,
late effects, and mortality. SCD transplant patients additionally
have unique complications such as hypertension, hemorrhagic,
or ischemic strokes driven by vasculopathy, a lowered seizure
threshold, sinusoidal obstruction syndrome (SOS), and progres-
sive renal and/or pulmonary dysfunction caused by pre-existing
organ damage; these complications need heightened aware-
ness, vigilant monitoring, adequate prophylaxis, and timely in-
tervention, making for a high-risk transplant. Myeloablative sib-
ling donor cord blood transplants are less common compared
with a larger number performed for thalassemia. However,
when performed in children, SCD cord transplants have excellent
outcomes, with �90% disease-free survival (DFS) and low mor-
tality [19]. Mixed chimerism is common in both ablative and
nonablative settings but still curative, although prolonged im-
mune suppression is often necessary in the very-low-intensity
nonablative setting [20]. Donor erythropoiesis has survival ad-
vantage in SCD transplants accounting for the success of mixed
chimerism in curing the disease [21]. Late graft rejections after
mixed donor chimerism have been shown to be rare in thalasse-
mia, and the expectation is that SCDwill be similar [22]. The level
of chimerism that is necessary to afford a cure is currently under
more detailed investigation. A state of persistent mixed chimer-
ism post-transplant, although adequate to curb diseasemanifes-
tations, can invoke autoimmunity caused by aberrant immune
interactions between the donor and host, a complication that
requires awareness and monitoring for early intervention. Al-
though a predisposition to autoimmunity has not beendescribed
in hemoglobinopathy transplants, this phenomenon is described
in primary immune deficiency disorder transplants such as Wis-
kott-Aldrich syndrome [23].
Unrelated donor cord blood transplants for SCD have fared

less well to date, but there are a few lessons learned. Registry
data from Europe and the United States were reported in 2011
by Ruggeri et al. [24]. Of 16 patients with SCD reported, the
majority were mismatched transplants. Nine of 16 underwent
myeloablative transplantation that was primarily busulfan-
based. Although overall survival was 94%, the DFSwas 50%, with
graft rejection the primary cause of failure even with myeloab-
lation. Previous reports with fewer patients fared no better, and
GVHD and TRM have been additional causes for concern [25].
The future success of unrelated donor UCBT for SCD depends

on modifications based on recent advances and lessons previ-
ously learnt. As the natural history of sickle cell disease is tracked
with longitudinal studies, it is apparent that disease progression
occurs despite supportive care contributing to ongoing strokes,
pulmonary hypertension, cardiovascular complications, chronic
debilitating pain, all of which are complications that progress at
adolescence and worsen during early adulthood with eventual
early mortality. Hematologists, especially those caring for this
older population of patients, are discussing transplant options
with their patients with increasing frequency. Pediatric hematol-
ogists, however, are more hesitant to discuss transplantation
(especially unrelated donor transplant) in children, who gener-
ally fare better than adults with SCD, because of the associated
risks of the procedure. In this regard, improving cord blood

Table 1. Indications for unrelated donor transplants in sickle cell disease

Standard considerations
Expanded considerations based on poor

outcomes/QOL

Stroke
Elevated TCD velocity
Recurrent severe acute
chest syndrome

Recurrent VOE; poor QOL
Recurrent priapism
Progressive sickle
nephropathy

Pulmonary hypertension/tricuspid
regurgitation

Recurrent silent strokes especially with
cognitive impairment

Osteonecrosis/AVN
Red cell alloimmunization
Necessity for chronic transfusion
therapy to control symptoms

Abbreviations: AVN, avascular necrosis; QOL, quality of life; TCD,
transcranial doppler; VOE, veno-occlusive episodes.
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as a stem cell source is an area that holds promise because it is
more accessible. Finding safe and successful conditioning regi-
mens is another. Successful unrelated cord transplants with my-
eloablation have been described for thalassemia, although all
reports have not been equally promising [24, 26]. Myeloablative
regimens have organ toxicities to be wary of in SCD patients,
especially in patients who are older and who have more ad-
vanceddisease (neurologic, hepatic SOS, pulmonary toxicity, and
renal failure); late effects are amajor problem in the young (neu-
rologic, neurocognitive, and performance issues, sterility,
second cancers, and growth inhibition in children trans-
planted at adolescence) [2, 27, 28]. Nonablative regimens, in
contrast, are well tolerated but associated with high rates of
graft rejection [29–31]. Reduced-intensity regimens that are
immunoablative are an alternate intermediate approach now
being evaluated at several centers, including ours, for a middle-
of-the-road approach where early experience with hemoglobi-
nopathy is promising using immunoablation with alemtuzumab
or anti-thymocyte globulin (ATG) [32, 33]. Early results from our
center support fertility preservation in female recipients follow-
ing a conditioning regimen of alemtuzumab, fludarabine, and
melphalan with five normal pregnancies in recipients to date. In
a national trial of unrelated SCD transplants using this regimen, it
was determined that cord blood transplants had a higher risk of
graft rejection, although this regimen was tolerated well [34].
This has led to the development of modified reduced-intensity
transplant protocols for UCBT at our and other centers to main-
tain the benefit of this approach but facilitate engraftment of
UCB and was tested recently in a trial of reduced-intensity trans-
plantation for thalassemia that included UCB as a stem cell
source (the Unrelated Donor Thalassemia [URTH] trial). Early re-
sults have been promising for achieving engraftment, but larger
numbers, a longer period of evaluation, and follow-up for late
effects are still required. Immunoablation with alemtuzumab
comeswith the risk of invasive infections, andwe have taken the
approach of early immune ablation pretransplant to facilitate
immune reconstitution [35]. This allows early immune reconsti-
tution from the donor by 6 months post-transplant with bone
marrow products [36]. However, in the early post-transplant
phase, recipients are susceptible to multiple infectious compli-
cations, particularly viral reactivation (cytomegalovirus [CMV] or
adenovirus) and bacterial/fungal sepsis caused by the profound
lymphodepletion of B and T lineage cells by alemtuzumab [37].

Other ablative but “reduced toxicity” transplant regimens such
as those using treosulfan have been successful with marrow but
are yet to be tested for SCD in the cord blood setting [38]. Sup-
portive care details, such as effective iron chelation prior to and
if necessary post-transplant, targeted cell therapy for infections
(especially viral infections such as adenovirus and CMV), and
diligent infectionmonitoring and prophylaxis through the period
of vulnerability, are helpful in providing better outcomes, espe-
cially with an immunoablative regimen. Double cord transplants
may benefit the older and larger-sized recipient, but the risk of
GVHD needs to be carefully evaluated in this population [39].

CONCLUSION

Easy availability and a lower degree of HLA matching associated
with less GVHD retain UCBT as an important modality in the
treatment of SCD. Innovative progress made with optimizing
cord products, conditioning, and supportive care, as well as
growing inventories in cord banks with rigorous quality control
for storage, can only continue to improve UCBT outcomes. The
acceptability of adverse outcomes (TRM, GVHD, and graft rejec-
tion) is essential and will vary between groups as conceptualized
in Figure 1. The benefits and curative aspects of transplant need
to be discussed alongside a detailed description of risks such as
organ toxicity, GVHD, and mortality based on recipient age, dis-
ease state, transplant method, and donor source, so that care-
givers and patients have a balanced view of the disease and in-
tervention as they consider this option. Emphasis should also be
placed on providing adequate social support to families as they
seek and undertake transplant options at experienced referral
centers often at a distance from their hometowns. It is important
from outcome and safety perspectives to perform SCD trans-
plants and expand applicability strictly in multicenter trial set-
tings to define results and continue to improve upon them.
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Figure 1. Conceptualization of acceptable transplant risks with unrelated UCB transplant. Abbreviations: GVHD, graft-versus-host disease;
TRM, treatment-related mortality; UCB, umbilical cord blood.
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