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ABSTRACT

Background. Aplastic anemia is a rare disease that manifests as bone marrow failure.
The current treatment options include immunoablative therapy or allogeneic hematopoi-
etic stem cell transplantation. We report a successful immunoablative regimen with
autologous umbilical cord blood (auto-UCB) transplant in a 3-year-old boy with severe
aplastic anemia.
Case Report. The immunoablation procedure consisted of 5 � 3.75 mg/kg antithymocyte
globulin (Thymoglobulin) (total 18.75 mg/kg), methylprednisolone for 4 days, and cyclo-
sporine A. The patient received auto-UCB containing 0.3� 105 CD34þ cells per kilogram of
body weight. Recovery of leukocyte count above 1000/mL was reached on post-transplant
day þ39, and recovery of granulocytes above 500/mL was reached on day þ40. The final
regular transfusions of packed red blood cells and platelet concentrate were performed on
day þ55. The complications that occurred in the post-transplant period were nausea,
diarrhea, septic fever, and hepatic abscess formation. Post-transplant immunosuppression
with cyclosporine A was discontinued 17.5 months after auto-UCB, and the patient
remained in complete remission with normal blood counts and bone marrow morphology.
Summary. Auto-UCB transplantation without chemotherapy conditioning can be
considered a therapeutic option for children with stored cord blood cells.
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APLASTIC anemia (AA) is a rare but life-threatening
hematologic disorder that was first reported by Paul

Ehrlich in 1885; however, the etiopathogenesis of the disease
remains unclear. The hallmark of AA is pancytopenia caused
by hypoplasia or aplasia of the bone marrow (BM) as a
consequence of direct damage by chemical or physical factors
as well as constitutional or acquired genetic defects, leading
to hematopoietic failure and autoimmune phenomena that
cause damage to stem cells. Direct BMdamage can be caused
by iatrogenic factors such as chemotherapy and radiation
therapy and, less commonly, by chemical exposure, such as to
benzene [1]. In approximately 5%of AA cases, constitutional
genetic defects are found [2,3]. A predisposition to AA has
been reported in telomere biology disorders, such as dys-
keratosis congenita, caused by the impairment of telomere
repair (telomerase enzyme complex dysfunction) or the
inadequate protection of telomeres (shelterin protein
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defects). A rare but very important entity among the consti-
tutional bone marrow failure syndromes is Fanconi anemia,
which is caused by deficient repair of DNA double-strand
breaks and is associated with hypersensitivity to chemo-
therapy [4]. In approximately half of patients with AA, the
cause cannot be identified, but the bone marrow destruction
is immune mediated. Autoimmunity can be triggered by al-
terations in antigens modified by drugs, chemical agents, and
viral activation receptors and, consequently, can lead to
activation of the immunologic cascade and damage to BM
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cells via activated T lymphocytes that produce interferon
gamma, tumor necrosis factor, and interleukin 2 [3e6]. The
diagnostic criteria of severe AA (SAA) according to the in-
ternational European Working GroupeSAA require a
cellularity below 25% in BM biopsy specimens, an absolute
neutrophil count (ANC) < 0.5 � 109/L, a platelet count <
20 � 109/L, and a reticulocyte count < 20 � 109/L [4]. Very
severe AA is diagnosed when all criteria for SAA aremet and
when the neutrophil count is< 0.2�109/L [4]. Hematopoietic
stem cell transplant (HSCT) from an HLA-identical sibling
donor is the method of choice for the treatment of SAA in
children. Patients without sibling donors undergo immuno-
suppressive (IS) therapy or HSCT from a matched unrelated
donor [4,7e9]. We report a rare case of successful IS therapy
with autologous umbilical cord blood (auto-UCB)HSCT in a
3-year-old boy with SAA.
CASE REPORT

A3-year-old boywithout a relevant pastmedical or a family historywas
admitted to the pediatric ward because of fever and otitis. After 1 week
of antibiotic treatment, he developed a skin rash and petechiae. The
laboratory test results showed leukopenia, thrombocytopenia, and
anemia. The BM biopsy specimen and trephine biopsy specimen
showed hypocellular bone marrow without signs of normal hemato-
poiesis. Viral infections (HIV, Epstein-Barr virus, cytomegalovirus,
ParvoB19, hepatitis A/B/C) were excluded as well as autoimmunologic
causes of leukopenia (negative antinuclear antibodies, perinuclear
antineutrophil cytoplasmic antibody, cytoplasmic antineutrophil cyto-
plasmic antibody, normal C3 and C4). Chromosomal breakage tests
excluded Fanconi anemia, and the patient showed no clone of parox-
ysmal nocturnal hemoglobinuria. The boy’s DNA, which was isolated
from blood mononucleated cells, was screened with Next Generation
Sequencing panel TruSight One (Illumina, San Diego, Calif, United
States); this test revealed no pathogenic variants or variants of un-
known significance in the genes involved in the pathogenesis of
constitutional BM failure syndromes. The patient received prophylaxis
against opportunistic infections (posaconazole, trimethoprim/sulfa-
methoxazole, and acyclovir), and decontamination of the digestive
tract with colistin was started. HLA typing of the patient and his family
showed full HLA compatibility between the patient and his 7-month-
old sister, but because of large differences in bodyweight, the sisterwas
not eligible for stem cell donation within a reasonable time. The par-
ents reported the deposition of the patient’s auto-UCBunit containing
0.5 � 106 CD34þ cells, which was 0.3 � 105 CD34þ per kilogram. In
lieu of the disparity in weight between the allogeneic donor and the
recipient, a decision was reached that the IS protocol and autologous
cord blood cell transplant would be performed. The IS procedure was
performed according to the EuropeanWorking Group guidelines and
consistedof 5� 3.75mg/kg antithymocyte globulin (total 18.75mg/kg),
intravenous methylprednisolone for 4 days and cyclosporine A (CSA).
After IS therapy, the autologous cord blood cells were thawed and
reinfused into the patient. Hematologic reconstitution was stimulated
by filgrastim starting on the day of transplant. Recovery of leukocyte
count above 1000/mL was reached on post-transplant day þ39,
and recovery of granulocytes above 500/mL was reached on day þ 40
(Fig 1). The final regular transfusions of red blood cells and platelets
were performedon daysþ55 andþ50, respectively. The complications
that occurred in the post-transplant period were septic fever, diarrhea,
nausea, and hepatic abscess formation. On post-transplant dayþ1, the
patient developed anEnterobacter cloacae blood stream infection, and
removal of the central venous catheter was performed. Fever of un-
known origin lasted from day þ10 to day þ45 after transplant until
neutrophil recovery. The child was treated with broad-spectrum anti-
biotic therapy (including tigecycline followed by linezolid) and lipo-
somal amphotericin B, and because of the suspicion of influenza,
oseltamivirwas added startingondayþ20.During thediagnosticwork-
up, on post-transplant day 14, abdominal ultrasonography revealed
liver infiltrates that progressed in number by dayþ49. Abdominal and
chest computed tomography scans were performed on day þ52 and
demonstrated 10 hypodense foci 5 to 35 mm in size surrounded by a
halo in the liver. Microbiological cultures and serologic tests excluded
listeriosis, cryptosporidiosis, tuberculosis, Entamoeba histolytica and
fungal (Aspergillus, Candida, Cryptococcus) infections. Empirical
therapy for unidentified liver abscesses (meropenem, gentamicin,
metronidazole, caspofungin) was started. The diagnostic liver biopsy
was performed on day þ129, and the collected samples did not show
any relevant changes. During follow-up, the liver demonstrated
recovery as well as the disappearance of the previously observed ab-
scesses. The patient underwent bone marrow biopsies on days 129 and
377, and the specimens revealed normal BM cellularity and hemato-
poiesis. Post-transplant immunosuppression with CSA was continued
and tapereduntil it was stopped17.5months afterHSCT.Thepatient’s
complete blood counts 20 months after HSCT showed normal values,
and the child does not currently show any signs of disease.
DISCUSSION

Despite the nonmalignant character of SAA, leaving this dis-
easeuntreated is fatal because of infectious complications, and
effective therapy should be immediately initiated. Allogeneic
HSCT is associated with treatment-related mortality due to
acute or chronic graft-vs-host disease (GVHD), and surviving
patients are at risk of developing late sequelae. The actual 3-
year survival rate after transplant is estimated to be 73% in
adults [10]. The results of SAA therapy in children are superior
to those in the adult population, but the role of IS therapy in
recent years has decreased in favor of upfront transplantation
frommatched unrelated donors because of the high IS failure
ratewith event-free survival of 33% [11]. The overall survival is
higher in children treated with HSCT from a matched sibling
than from an unrelated donor (91% vs 96%; P¼not signifi-
cant), but the long-term outcome data and especially the
survival-free rate from chronicGVHDhave not been properly
analyzed [11,12]. The choice of donor, grafting material,
conditioning regimen, and immunosuppressive therapy affect
the outcome afterHSCTand are responsible for the variability
in the reported results. In nonmalignant diseases, the
preferred stem cell source is the bone marrow, but trans-
plantation with peripheral blood stem cells is gaining popu-
larity because of the convenience of graft processing. Cord
blood is another source of stem cells forHSCT, and it has been
successfully used since the first successful transplant of allo-
geneic UCB in 1989 [13]. To date, more than 35,000 UCB
transplants have been performed, andUCB is commonly used
in the pediatric population [14]. UCB has unique properties
separating it from other types of HSCT. CD34þ/CD38� he-
matopoietic stem cells fromUCB can proliferate more rapidly
and generate larger numbers of progeny cells than BM cells
[15,16]. This phenomenon can be explained by the long



Fig 1. Blood count results and transfu-
sion dependence after IS therapy and
auto-UCB HSCT. Periods of transfusion
dependence and CSA therapy are
marked. auto-UCB, autologous umbili-
cal cord blood; CSA, cyclosporine A;
HSCT, hematopoietic stem cell trans-
plant; IS, immunosuppressive.
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telomere length in UCB cells resulting in a great proliferative
capacity [17]. UCB contains a low number of hematopoietic
progenitor cells and can be associatedwith an increased risk of
graft failure and delayed hematopoietic engraftment; thus,
UCB is regarded as a sufficient source of stem cells only for
children weighing less than 40 kg [18]. The current recom-
mendations for allogeneic UCB HSCT are 4.9 � 107 total
nucleated cells (TNCs)/kg at collection and 3.5� 107 TNCs/kg
at infusion [8]. If the CD34 number in UCB is available, the
recommended CD34 dose is 1 log lower than in BM or
mobilized peripheral cells [19e21]. The strategies used to
overcome the limitations of UCB include ex vivo expansion,
infusion of 2UCBunits, cotransplantation with hematopoietic
or mesenchymal cells, and HSC priming to enhance homing
and engraftment. The role of allogeneicUCBHSCT in SAA is
marginal because of the high risk of graft rejection associated
with immune-mediated stem cell damage in primary disease
and the risk of infections [8,22]. According to EUROCORD
data from 1991 to 2006, a total of 19 upfront UCB transplants
from related donors were performed: 18 SAA and 1 erythro-
poietic aplasia, and 16 of 19 patients were alive andwell after 4
years of follow-up [12]. Moreover, several unrelated UCB
HSCTswere performed among childrenwho failed to respond
to IS therapy [18]. One of the largest studies on allogenicUCB
HSCT in SAA included 71 patients (among them, 28 were
adults, and the median age was 13 years); the cumulative
incidence of platelet engraftment on post-transplant day 180
was 37% (SD, 6%), and the cumulative incidence of neutro-
phil recovery was 51% in the study group on day 60. Signifi-
cantly better engraftment was observed in patients who
received transplants with a higher TNC dose (over 3.9 � 107/
kg; hazard ratio, 1.5) [17]. Studies analyzing the outcomes of
allogeneic UCB HSCT in SAA show an acceptable time to
neutrophil engraftment, which can be superior to the time for
IS therapy alone. A study in adults with SAA by Yamamoto
et al showed that the median time to achieve neutrophil
engraftment was 18 days (range, 12-28 days), and the time to
achieve a platelet count over 20� 109/Lwas 42days (range, 26-
64 days) after allogenic UCBHSCT [23]. A pediatric study on
allogeneic UCB HSCT in SAA from 2008 reported that the
median time tomyeloid engraftment was 25 days (range, 17-59
days) [18]. In another pediatric study by Yoshimi et al, the
median times to achieve a neutrophil count� 0.5� 109/L and
a platelet count � 50 � 109/L were reached after 19 days
(range, 12-35 days) and 59 days (range, 39-145 days), respec-
tively [24]. Autologous UCB in AA is an extremely rare pro-
cedure because of many limitations. First, autologous UCB
collection and storage represent an expensive, nonrefundable
procedure that has no established medical indications outside
of families with children suffering from malignant neoplasms
who potentially require HSCT. The benefit of autologous
UCB HSCT in SAA comes from eliminating the risk of the
treatment-related mortality associated with GVHD and
immunosuppression-induced opportunistic infections. Over
the last 20 years, only 11 reports about autologous blood cord
transplants have been reported [25]. Interestingly, no signifi-
cant differences in the outcome of SAA after standard
immunoablative therapy or mixed IS/UCB transplantation
have been found. In the reported patients after autologous
UCB HSCT, neutrophil engraftment was usually observed
after 30 days [26]. Conditioning before HSCT in SAA is
necessary because historic studies have shown that stand-alone
infusion of syngeneic bone marrow does not lead to hemato-
poiesis recovery in over 70% of treated patients [27]. UCB is a
less convenient stem cell source than BM or peripheral blood
stem cells, and because of the higher risk of nonengraftment,
patients require conditioning. In children with SAA, the
effective conditioning protocol before allogenic HSCT is
usually cyclophosphamide based, which is immunosuppressive
but nonmyeloablative. Inmost reports, the autologousHSCTs
in children with SAA are preceded by a combination of
antithymocyte globulin with steroids and CSA, which can be
seen as a step down from typical allogenic HSCT [27]. This
approach offers both a potential curative advantage of the
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immunoablation protocol with the addition of viable stem cell
infusion and does not expose the patient to chemotherapy,
thus reducing the risk of tissue damage and infections due to
mucosal injury. The efficacy of autologousUCBHSCT cannot
be sufficiently proven in a clinical trial because of the inci-
dental availability of autologous UCB and the extremely low
incidenceof SAA.Thepotential risk of treatment failure in the
auto-UCB HSCT strategy should not interfere with the
preparation of the criterion standard therapy, that is, allogenic
HSCT. The decision regarding the choice of suitable therapy
can be based on the patient’s condition, but patients without
life-threatening complications can be referred for auto-UCB
HSCT. A sine qua non condition for referring the patient for
auto-UCB is the exclusion of constitutional BM failure syn-
dromes because of the risk of a lack of response and leuke-
mogenesis in cancer susceptibility syndromes. Our clinical
experience shows that the post-transplant period can be
associated with serious opportunistic infections and that the
patient condition needs to be intensively diagnosed and
treated in cases of fever. The option of auto-UCB HSCT is
unlikely to affect the practical approach for the treatment of
SAA, but it is worth considering in patients who have stored
autologous UCB material.
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