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Development of donor cell leukemia following peripheral blood
stem cell transplantation for severe aplastic anemia: A case report
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Abstract. Donor cell leukemia (DCL) is a rare complica-
tion of hematopoietic stem cell transplantation (HSCT)
which occurs in ~5% of all leukemic relapses. In the English
literature, >60 cases of DCL have been reported, however,
only two cases of DCL following HSCT for the treatment of
severe aplastic anemia (SAA) have been described to date.
In the present study, the case of a 25 year-old male patient
diagnosed with SAA, who underwent a peripheral blood
stem cell transplantation (PBSCT) using cells obtained
from a sibling with an identical human leukocyte antigen,
is presented. The patient developed acute myeloid leukemia
with an (8;21)(q22;q22) translocation and an extra copy
of the chromosome 8 in donor cells 2.5 years following
PBSCT, which was preceded by the development of Graves'
disease 1 year following PBSCT. The leukemia achieved
complete remission following 1 cycle of priming therapy,
2 cycles of consolidation chemotherapy with daunorubicin
and cytarabine and maintenance therapy with interleukin-2
(IL-2). At present, the patient has discontinued IL-2 therapy,
and the DCL has been in molecular remission for >3 years.
The present case indicates that chemotherapy and IL-2
maintenance therapy are an effective treatment for DCL;
hyperthyroidism was relieved following treatment, although
hypothyroidism subsequently developed.

Introduction

Donor cell leukemia (DCL) is a rare complication of hema-
topoietic stem cell transplantation (HSCT), in which normal
donor cells become transformed into aggressive leukemia
or myelodysplastic syndrome in the host environment (1).
Common symptoms of DCL include anemia, neutropenia
and thrombocytopenia (2). The latency between HSCT
and DCL ranges between 1 and 193 months (median,
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24 months) (2). Reinduction chemotherapy or/and a second
HSCT are the main treatments for DCL (3). The majority
of case reports that are concerned with DCL report poor
prognosis for patients even following a second HSCT (2).
Wiseman reported that 53% of patients succumb to the
disease, with a median survival time of 5.5 months after DCL
diagnosis (3). Furthermore, the mean overall survival time
for treated patients is 32.8 months (3). To date, >60 cases of
DCL have been reported in the English literature (3), but only
two cases of DCL following HSCT for the treatment of SAA
have been described previously (4,5). In the current study,
the case of a 25 year-old male patient who developed acute
myeloid leukemia (AML) with an (8;21)(q22;q22) transloca-
tion and an extra copy of the chromosome 8 in donor cells
2.5 years following peripheral blood stem cell transplanta-
tion (PBSCT) for SAA is presented. In addition, the onset of
AML was preceded by the development of Graves' disease,
which occurred 1 year subsequent to PBSCT. The patient
was successfully treated with chemotherapy and IL-2 main-
tenance, which may be a unique treatment for DCL.

Case report

In December 2008, a 25 year-old male patient presented to
the West China Hospital (Chengdu, China) with petechiae
and fatigue. A complete blood count revealed pancyto-
penia with hemoglobin levels of 55.00 g/l (normal range:
130~175g/L), a reticulocyte count of 12.10x10? cells/I (normal
range: 24~84x10° cells/l), a platelet count of 6.00x10° cells/1
(normal range: 100~300x10° cells/l) and a white cell count
of 1.90x10° cells/l (normal range: 3.5~9.5x10° cells/1). The
absolute neutrophil count was 0.38x10° cells/l (normal range:
1.8~6.3x10° cells/l). Physical examination was normal, with
the exception of pallor and petechiae. Serological tests for
viral infections, including hepatitis B and C, human immu-
nodeficiency virus, toxoplasmosis, rubella, cytomegalovirus,
herpes simplex virus and Epstein-Barr virus were negative.
A bone marrow smear exhibited marked hypoplasia, and
mainly contained lymphocytes and mature plasma cells.
Bone marrow biopsy revealed that the majority of hemato-
poietic tissue had been replaced by fat tissue. Furthermore,
no megakaryocytes were identified on the bone marrow
smear or biopsy specimens. Flow cytometry analysis of
cluster of differentiation (CD)55 and CD59 expression was
normal. Humoral and cellular immunity tests indicated no
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autoimmune disease. Subsequently, idiopathic SAA was
diagnosed.

The patient was administered cyclosporine (300 mg
orally, daily; Huadong Medicine Co., Ltd., Hangzhou, China)
for 2 months, however no response was achieved. Alloge-
neic-PBSCT (allo-PBSCT) was subsequently performed using
cells obtained from the patient's 28 year-old brother. The
patient's sibling was demonstrated to be clinically healthy
and shared an identical human leukocyte antigen (HLA)
with the patient. The patient was conditioned for 3 days
with a total dose of 500 mg rabbit anti-thymocyte globulin,
followed by treatment with cyclophosphamide (3,000 mg
intravenously, daily; Chengdu Suncadia Pharmaceuticals Co.,
Ltd., Chengdu, China) for 4 days. Prophylactic treatment with
cyclosporine, methotrexate and y-globulin was administered
to prevent rejection and graft versus host disease (GVHD).
A total of 2.30x10° peripheral stem cells/kg were infused.
Granulocyte-colony stimulating factor (G-CSF; 300 ug, daily)
was administered 2 weeks preceding and 2 weeks following
stem cell infusion. A bone marrow examination on day 28
following stem cell infusion indicated trilineage hematopoi-
esis. In addition, bone marrow engraftment analysis using
multiplex polymerase chain reaction (PCR) of short tandem
repeat (STR) markers was performed using a STR Typer-10G
kit (Codon Ltd., Zhuhai, China). The PCR was performed in
an Eppendorf AG 22331 Thermocyler (Eppendorf, Hamburg,
Germany) and GeneMapper® ID version 3.2 (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) was used to interpret the
results. PCR was performed under the following conditions:
Five cycles of initial denaturation at 95°C for 2 min and 94°C
for 30 sec, annealing at 61°C for 60 sec and extension at 70°C
for 60 sec, followed by 25 cycles of denaturation at 92°C for
30 sec, annealing at 61°C for 60 sec and extension at 70°C for
60 sec, with a final extension step at 60°C for 45 min. The
results of the PCR revealed complete engraftment by donor
cells (Fig. 1). Cyclosporine treatment was gradually reduced,
and was discontinued 5 months following allo-PBSCT, as the
patient exhibited no symptoms of GVHD. Periodic monitoring
revealed that the patient's complete blood count was normal.

In April 2009, one year following allo-PBSCT, the patient
presented to the West China Hospital with fatigue, palpita-
tion and increased appetite. Physical examination indicated a
diffuse goiter and tachycardia. Laboratory findings revealed
elevated levels of free thyroxine (T4; 29.22 pmol/l; normal
range, 12-22 pmol/l), decreased levels of thyroid stimulating
hormone (TSH; <0.005 mU/1; normal range, 0.27-4.2 mU/1) and
high levels of antithyrotrophin receptor (1,329 IU/ml; normal
range, <115 IU/ml) and antithyroid peroxidase (184.3 TU/ml;
normal range, <34 IU/ml) antibodies. Complete blood count
was normal. In consequence, Graves' disease was diagnosed.
Oral propylthiouracil (200 mg, daily for 3 months; Fosun
International, Shanghai, China) and thiamazole (20 mg, daily
for 9 months; Merck KGaA, Darmstadt, Germany) were
administered discontinuously to treat the disease for 1 year.
Initially, the symptoms were alleviated, and then recurred. The
levels of free T4 and TSH were not well controlled. Radioactive
iodine therapy was suggested, and treatment with antithyroid
drugs was stopped in preparation for iodine therapy. However,
the patient felt well, and refused further treatment with iodine
therapy or antithyroid drugs.
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In October 2011, 6 months after the treatment with anti-
thyroid drugs had been discontinued, and 2.5 years subsequent
following allo-PBSCT, the patient presented the West China
Hospital with petechiae, hyperhidrosis and low-grade fever.
Complete blood count revealed pancytopenia with hemoglobin
levels of 106.00 g/1, a platelet count of 19.00x10° cells/l and a
white cell count of 2.20x10° cells/I without leukemia cells. High
levels of free T4 and low levels of TSH indicated hyperthy-
roidism. A bone marrow smear revealed an active proliferation
of nucleated cells with numerous myeloblasts, accounting for
45.5% of the total blood cell count. Peroxidase stain was posi-
tive in 97.0% of myeloblasts, whereas Periodic acid-Schiff and
non-specific esterase stains were negative. Flow cytometry of
leukemic cells revealed positivity for CD34, HLA-DR, CD117,
CD13 and cytoplasmic myeloperoxidase with partial expression
of CD56. These results indicated a typical cell surface antigen
expression pattern for AML with maturation [previously desig-
nated as AML M2, according to the French-American-British
(FAB) classification of AML (6)]. Cytogenetic analysis identi-
fied an (8;21)(q22;q22) translocation and an extra copy of the
chromosome 8 (Fig. 2). Screening for fusion genes revealed
positivity for AMLI1/eight twenty one fusion protein and
negativity for core binding factor f/myosin, heavy chain 11,
smooth muscle. No mutations were identified in the feline
sarcoma-related tyrosine kinase 3/internal tandem duplication,
c-Kit, nucleophosmin and CCA AT/enhancer-binding protein
alpha genes. Engraftment analysis of the bone marrow and
peripheral blood revealed complete engraftment by donor cells
(Fig. 1). The donor remained healthy, without evidence of viral
infection. A bone marrow smear, cytogenetic analysis and
screening for the aforementioned fusion genes and mutations
in the donor indicated normality. Subsequently, the patient was
diagnosed with AML with an (8;21)(q22;q22) translocation and
an extra copy of the chromosome 8 of donor origin. Complete
hematological and molecular remission was achieved following
a single cycle of priming therapy. Two cycles of consolidation
chemotherapy with DA [45 mg/m? intravenous daunorubicin
(Zheijiang Hisun Chemical Co., Ltd., Taizhou, China), days 1-3;
and 100 mg/m? intravenous cytarabine (Sinopharm A-Think,
Changchun, China), days 1-7] were administered, followed by
maintenance therapy with recombinant interleukin-2 (IL-2;
Shandong Quangang Pharmaceutical Co., Ltd., Jinan, China).
The IL-2 was injected subcutaneously at a dose of 1,000,000 U
daily for 10 days every month, and then tapered every 6 months.
In October 2014 the patient stopped receiving IL-2. A bone
marrow examination is performed on the patient every year
at the West China Hosptial, and DCL has been in molecular
remission for 3 years. Notably, hyperthyroidism was relieved
following treatment; however, hypothyroidism subsequently
developed, and consequently, continuous treatment with oral
Euthyrox® (50 pg, daily; Merck KGaA) was administered.

Written informed consent was obtained from the patient for
the use of patient information and accompanying images in this
study.

Discussion
The first case of DCL was reported in 1971 (7), and to date,

>60 cases have been reported (3). The European Group
for Blood and Marrow Transplantation reported that the
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Figure 1. Engraftment analysis of donor/host chimerism. Genomic DNA was obtained from the peripheral blood or bone marrow mononuclear cells, and
amplified using PCR with 6 sets of fluorescently-labeled oligonucleotide primers specific for particular nucleotides of STR markers. A single chromosome 12
STR marker (D12S391) wass identified by capillary electropherograms of PCR amplification. To further confirm the origin of leukemia, another three informa-
tive satellite markers (D2S1772, D18S1364 and D6S1043) were identified as shown. Below each peak, the number of repeats is provided. Since the specimen
collected on postoperative day 28 following peripheral blood stem cell transplantation was not conserved, no results were acquired for the latter three markers.
PB, peripheral blood; MNC, mononuclear cells; BM bone marrow; PCR, polymerase chain reaction; STR, short tandem repeat.
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Figure 2. G-band karyotyping of recipient bone marrow cells indicates chromosomal abnormality, with 47,XY +8,t(8;21)(q22;q22) observed in 18 of the

20 cells analyzed.

incidence of DCL in allo-HSCT recipients is ~0.1% (8).
Recently, Wiseman (3) proposed that, in a number of cases,
DCL may remain undiagnosed for several years, and may
account for <5% of all leukemia relapses post-HSCT.
The primary diagnosis in the majority of DCL cases is

leukemia (3). Prior to the present case, only 2 cases of DCL
and 2 cases of donor cell-derived myelodysplastic syndrome
(DCM) following HSCT for SAA have been reported in the
English literature to date (4,5,9,10). The 2 cases of DCL were
diagnosed as AML (M5a and MO, respectively, according to
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the FAB classification of AML) on days 319 and 208, respec-
tively, following bone marrow transplantation. The 2 cases
of DCM occurred 2 and 13 years following HSCT. Of these
cases, =3 patients have succumbed to the disease, whereas all
donors were healthy at the time of publication of the present
report.

Currently, a number of methods are available to confirm
the origin of donor cells, including conventional cytoge-
netics, fluorescent in situ hybridization and molecular DNA
markers, such as variable number tandem repeats, STRs and
restriction fragment length polymorphisms (11). Due to the
high sensitivity and availability of commercial multiplex
kits, STRs amplified by PCR are considered the gold stan-
dard technique for analyzing DCL cases (2,11). Due to the
extensive use of molecular analysis of donor/host chimerism,
an increasing number of DCL cases have been reported;
since 2004, more cases of DCL have been reported than the
total number of cases reported in the previous 34 years (3).
In the current case, using this highly sensitive technique,
45.5% blast cells were identified in the bone marrow of the
patient, and the complete blood count of donor origin was
demonstrated to be identical to that from peripheral blood,
which confirmed the diagnosis of DCL following allo-PBSCT
for SAA.

A number of mechanisms have been proposed to explain
the etiology of DCL, including abnormality in donor cells
(such as occult leukemia or preleukemic potential), condi-
tioning or virus-induced mutagenesis or transformation,
impaired immune surveillance or defective microenviron-
mental niche in the host (3,11,12). To date, multiple factorial
processes have been considered to be the main cause of
DCL (3,11,12). In the present case, the donor was completely
healthy prior to PBSCT and when the recipient developed
DCL. Screening tests identified no evidence of immuno-
logical disease, viral infection or genetic mutations in the
donor. These results suggest that the donor cells exhibited no
abnormalities. Certain authors have reported that long-term
use of immunosuppressive agents or G-CSF for the treatment
of SAA are risk factors for the development of therapy-related
AML/myelodysplasia, which is usually a late complica-
tion (13-17). In the current case, the patient exhibited a rapid
hematopoietic recovery following PBSCT, and exhibited
no evidence of GVHD. Furthermore, short-term treatment
with immunosuppressive agents and G-CSF did not appear
to affect donor cells. Previously, it has been hypothesized
that malignant cells are continuously arising in healthy
individuals, but the immune system is able to recognize and
eliminate such cells via complex interactions (3). Therefore,
the development of DCL may be the result of impaired
immune surveillance and an acquired (8;21)(q22;q22) trans-
location with an extra copy of the chromosome 8 in donor
cells. The latter may spontaneously arise in a clone or may be
induced by the impaired stem cell niche, which is involved in
the regulation of quiescence, self-renewal, proliferation and
differentiation of stem cells (18,19). The impaired immune
surveillance leads to anergy towards the arising malignant
clones, which are favored by the immunocompromised status
following transplantation (3,11). Consequently, it is possible
to hypothesize that the development of DCL in the present
case may be predominantly attributed to impaired immune
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surveillance and an abnormal hemopoietic microenviron-
ment.

The prognosis of DCL is usually poor, with a median
survival time of 5.5 months (range, 1 week-64 months)
following DCL diagnosis. A second HSCT is the main treat-
ment for DCL (3), however, in the present case, only 2 cycles
of DA consolidation chemotherapy were administered
subsequent to induction, followed by maintenance therapy
with IL-2. IL-2 is a cytokine signaling molecule within
the immune system that regulates lymphocyte activity. It
enhances the anti-tumor effect of macrophages through the
induction of cytokines with anti-neoplastic activity, including
a-tumor necrosis factor and y-interferon (20). Recombinant
IL-2 binds to IL-2 receptors, and introduces the diphtheria
toxin into the cells that express those receptors, thus killing
the malignant cells that express the IL-2 receptor. This
indicates that IL-2 is an effective drug for DCL maintenance
therapy.

In conclusion, the present study highlights DCL as a rare
complication of allo-PBSCT for SAA, and indicates that
impaired immune surveillance is an important mechanism of
leukemogenesis. Furthermore, the current case demonstrates
that treatment with recombinant IL-2 is effective as a main-
tenance therapy for DCL.
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