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ABSTRACT

We report a case of donor-derived leukemia
(DDL) occurring 34 months after double-unit
cord blood transplantation (CBT). Molecular
analysis using short tandem repeat (STR)
sequences proved the acute myeloid leukemia
(AML) to be of dominant cord blood origin.
Karyotype was normal and molecular analysis
showed WT1 and EVI1 overexpression. Cyto-
logical and molecular remission were achieved
with only induction and consolidation
chemotherapy. Relapse occurred after 6 years of

remission from one clone with only WT1
overexpression. Potential etiologies for donor
cell leukemogenesis in the recipient are dis-
cussed, including occult leukemia in the donor
or genetic predisposition to hematologic
malignancies, impaired immune surveillance,
induced or inherited stromal abnormalities,
transformation of donor cells during engraft-
ment via altered signals of the host tissues, and
fusion of donor cells with residual leukemic
cells leading to acquisition of oncogenes.
Although cases of DDL occurring after umbilical
CBT have already been reported, very few cases
have been described arising after double-unit
CBT. DDL cases following CBT previously
described in the literature have been reviewed.
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Key Summary Points

Donor-derived leukemia in a recipient of
allogeneic hematopoietic stem cell
transplantation is a rare entity.

A few cases were described in recipients
after umbilical cord blood
transplantation.

We report the first case of donor-derived
leukemia occurring after double-unit cord
blood transplantation.

Although no clear explanation for this
post-transplant complication have been
determined, multiple mechanisms have
been proposed including donor cell
intrinsic factors and host extrinsic factors.

Donor-derived leukemia should provide
insights into the process of
leukemogenesis.

INTRODUCTION

Allogeneic hematopoietic stem cell transplan-
tation (HSCT) remains an attractive and effec-
tive option for the treatment of acute myeloid
leukemia (AML). Donor-derived leukemia
(DDL) in a recipient of allogeneic hematopoi-
etic stem cell transplantation (HSCT) is a rare
entity. Since the first description in 1971 by
Fialkow et al. [1], more than 80 cases have been
reviewed in the literature [2]. In recent years,
cord blood has emerged as a feasible source of
hematopoietic progenitor cells for allogeneic
HSCT, especially applicable to patients who lack
a human leukocyte antigen (HLA)-matched
marrow donor. Among reported DDL, a few
cases have been described in recipients after
umbilical cord blood transplantation (UCBT)
(Tables 1 and 2) [2–12].

Here we report one case of DDL in a patient
with AML who developed a novel AML after
receiving unrelated double-unit CBT (Fig. 1),
which allows adults to proceed to allogeneic

SCT with this donor type when a single ade-
quately dosed unit is not available.

CASE PRESENTATION

A previously healthy 38-year-old Turkish
woman was diagnosed in April 2007 with
French-American-British (FAB) type 4 AML after
presenting with pulmonary embolism and
blood count disturbances (initial white blood
cell count: 8.9 G/L with 27% blast cells; hemo-
globin level: 122 g/L; platelet count: 83 G/L).
Bone marrow (BM) aspirate showed 60% blasts
and dysplastic changes involving the granulo-
cytic and megakaryocytic lineages.
Immunophenotypic analysis on BM blasts
showed the following profile: CD13? CD33?

CD117? MPO?/CD34- CD38?? HLADR?/
CD36- CD14- CD11c? CD4- CD15?/-

CD65?/-/ aberrant expression of CD7?dim

(Fig. 2). Conventional cytogenetics was a fail-
ure. Molecular biology analyses showed NPM1
mutation and WT1 overexpression. CBFB, FLT3,
MLL, EVI1, and IDH1/2 were negative. After
giving written informed consent, she was
enrolled in the ALFA9802 trial (NCT00880243),
which was conducted in accordance with the
Declaration of Helsinki [13]. She received
induction chemotherapy consisting of a timed-
sequential chemotherapy that included a first
sequence combining daunorubicin (80 mg/m2

per day, intravenously on days 1–3) and
cytarabine (500 mg/m2 per day, continuous
intravenous infusion over the same period). The
second sequence, administered after a 4-day free
interval, consisted of mitoxantrone (12 mg/m2

per day, intravenously on days 8 and 9) and
cytarabine (500 mg/m2 per 12-h bolus intra-
venous infusion on days 8–10). Complete
remission (CR) was achieved in May 2007.
Because of complications such as hepatosplenic
candidiasis and the absence of immediate suit-
able donor availability, she was then assigned to
two consolidation courses consisting of high-
dose cytarabine (HD-AraC) cycles (3 g/m2 per
12 h intravenously on days 1, 3, and 5). BM
biopsy performed after the second cycle of HD-
AraC confirmed the absence of blast cells but
hypoplastic marrow explaining a medullar
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origin for persisting cytopenias. The patient
finally underwent double HLA loci-mismatched
unrelated UCBT [(cord 1: male sex; 3.11 9 107

nucleated cells/kg; 1.33 9 105 CD34 cells/kg)
and (cord 2; female sex; 1.91 9 107 nucleated
cells/kg; 0.4 9 105 CD34 cells/kg)] in molecular
remission in March 2008 after a myeloablative
preparative conditioning regimen combining
anti-thymocyte globulin (ATG) (2.5 mg/kg/day
from day -8 to day -5), cyclophosphamide
60 mg/kg/day on days -6 and -5, and frac-
tionated total body irradiation (TBI) (12 Gy)
from day -3 to day -1. Graft-versus-host dis-
ease (GvHD) prophylaxis consisted of cyclos-
porine and steroids. Neutrophil engraftment

was confirmed by short tandem repeat (STR)
analysis on day 46 post-transplant, although
intermittent granulocyte colony-stimulating
factor (G-CSF) therapy was required. Cyclos-
porine was discontinued 6 months after trans-
plantation with no evidence of GvHD. She
however developed non-hemorrhagic cystitis
caused by BK virus, resolved under cidofovir
therapy. After engraftment, complete donor
chimerism was rapidly achieved, minimal
residual disease was negative, and hematopoi-
esis was only mediated by a single dominant
unit (cord 2) from month 6 post-transplant
(Fig. 3).

Table 1 Review of the literature: characteristics of patients affected by DDL after CBT

Reference Age at DDL Primary diagnosis Donor GvHD Time from CBT to DDL (years)

Engel [3] 45

17

35

21

ALL

AML

CML

Fanconi

Haplo

UD

UD

UD

No

Yes (a G2)

No

Yes (a G1)

1.33

4.54

1.44

2.12

Wang [2] 4

57

23

AML

CLL/MDS

AML/MDS

UD

UD

UD

No

No

Yes

1.20

0.50

0.41

Fraser [5] 4 LCH UD No 3.33

Nagamura-Inoue [10] 33

31

AML

Unknown

UD

UD

Yes (a G2)

Yes (a G3)

1.25

1.33

Ando [6] 33 AML UD Yes (a G3) 0.91

Matsunaga [4] 57 ATL UD No 0.58

Mitsui [8] 41 ALL Ph? UD No 0.41

Hamaki [9] 32 HL UD Yes (a G3) 1.41

Sevilla [7] 5 AML UD No 0.25

Kusumoto [11] 59 AML UD No 0.83

Cotter [12] 25 ALL 2 UDs Yes (a, c) 4.00

Our case 40 AML 2 UDs No 2.80

a acute; ALL acute lymphoblastic leukemia; AML acute myeloid leukemia; ATL chronic-type adult T-cell lymphoma;
c chronic; CLL chronic lymphocytic leukemia; CML chronic myeloid leukemia; DDL donor-derived leukemia; G grade;
GvHD graft-versus-host disease; Haplo haploidentical; HL Hodgkin lymphoma; LCH Langerhans cell histiocytosis; MDS
myelodysplastic syndrome; UD unrelated donor; Ph? Philadelphia chromosome-positive
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Thirty-four months after UCBT, the patient
presented with cytopenias. BM examination
revealed 55% of blasts with morphologic fea-
tures of monocytic AML with multilineage
dysplasia. Immunophenotyping revealed a dis-
tinct population from the initial malignant cells
within the blast gate: CD13?? CD33?/-

CD117?/- MPO?/-/ CD34?/- CD38?? HLADR?/
CD36?/- CD14?/- CD15?/- CD65?/-/ aberrant
expression of CD7 and CD19 (Fig. 2). Cytoge-
netic and molecular studies were undertaken
and showed a normal karyotype and persistence

of WT1 overexpression, loss of NPM1 mutation,
and acquisition of EVI1 overexpression. STR
analysis of the BM cells showed that atypical
cells were completely of the donor type (cord 2)
(Fig. 3). The patient achieved complete remis-
sion following reinduction chemotherapy
combining idarubicin 10 mg/m2/day for 3 days
with cytarabine 1000 mg/m2/12 h for 6 days
[14], but at the cost of tetraparesis following a
prolonged stay in the intensive care unit for
multi-organ candidiasis. She then received only
maintenance therapy with 6 monthly cycles

Table 2 Review of the literature: DDL characteristics and outcome

Reference DDL
diagnosis

Tests to confirm
DDL

DDL
treatment

Patient
outcome

Survival from DDL
(months)

Engel [3] AML

AML

AML

AML

VNTR/STR

VNTR/STR

HLA/FISH

VNTR/STR

Chemo

HSCT

Unknown

Chemo

Dead

Dead

Dead

Dead

7

13

1

6

Wang [2] AML

MDS

MDS

STR/FISH

STR

FISH

Chemo

No treatment

No treatment

Dead

Alive

Alive

11

28?

9?

Fraser [5] AML G-band/VNTR Chemo Dead 10

Nagamura-Inoue [10] AML

AML

FISH

STR

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Ando [6] AML STR Chemo/HSCT Dead Unknown

Matsunaga [4] AML FISH/STR No treatment Dead 8.6

Mitsui [8] MPD Karyotype Unknown Unknown Unknown

Hamaki [9] AML Karyotype Chemo Dead 13

Sevilla [7] MDS FISH/STR No treatment Alive 24?

Kusumoto [11] LGLL STR No treatment Dead 0.23

Cotter [12] MDS FISH/STR Azacitidine Unknown Unknown

Our case AML STR Chemo Dead 78

AML acute myeloid leukemia; Chemo chemotherapy; DDL donor-derived leukemia; FISH fluorescence in situ
hybridization; G-band G-band polymorphism; HLA human leukocyte antigen typing; HSCT hematopoietic stem cell
transplantation; LGLL T-cell large granular lymphocyte leukemia; MDS myelodysplastic syndrome; MPD chronic
myeloproliferative disease; STR short tandem repeats; VNTR variable number of tandem repeats
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Fig. 1 Timeline of diagnosis, treatment and molecular
marker evolution. Abbreviations: AML, acute myeloid
leukemia; AraC, cytarabine; ATRA, all-trans-retinoic acid;
CB1, cord blood 1; CB2, cord blood 2; CBT, cord blood
transplantation; DDL, donor-derived leukemia; HD-

AraC, high-dose cytarabine; TSC, timed sequential
chemotherapy

Fig. 2 Morphologic and immunophenotypic features of
leukemic cells at time of diagnosis, time of DDL, and time
of DDL relapse. (A) Diagnosis: Medium-sized blast cells
with fine chromatin, partly nucleated and sometimes with
irregular nucleoli. The cytoplasm is moderately abundant,
with little or no granulations, and very rare blast with Auer
rods. Some of the blasts suggest a monocytic differentia-
tion. DDL: Myeloid blasts with clear monocytic differen-
tiation. Hematopoietic lineages are present with subtle

granulocytic and megakaryocytic abnormalities. Relapse of
DDL: Blasts of small to medium size with moderately
basophilic cytoplasm, most often containing fine granula-
tions and regularly one or more Auer rods. The nucleus is
often irregular, with fine nucleated chromatin. (B) Flow
cytometry graphs showing various leukemic stem cell
expression at time of diagnosis, DDL and relapse of DDL
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combining idarubicin 10 mg/m2 on day 1 with
cytarabine 100 mg/m2/day, subcutaneously,
from days 1 to 5.

Six years after treatment of DDL, she again
developed cytopenias. BM examination and
immunophenotyping confirmed a relapse of
DDL with 50% blasts (Fig. 2). Overexpression of
WT1 persisted, but EVI1 expression was lost. BM
cells were predominantly (99%) derived from
the unrelated donor (cord 2) as confirmed by
STR. Because of a poor physical condition, she
was not treated intensively and only received
cycles combining azacitidine with all-trans-reti-
noic acid [15]. She died from infectious com-
plications 4 months after relapse.

DISCUSSION

DDL is a rare complication of allogeneic HSCT.
However, its real incidence remains unclear. A
recent survey from the European Society for
Blood and Marrow Transplantation (EBMT)
estimated a DDL prevalence of 80.5 cases per
100,000 transplants and a cumulative incidence
at 5, 10, and 25 years after HSCT of 0.067%,
0.132%, and 0.363%, respectively [3]. However,
this incidence is likely underestimated. The
number of described cases has increased over
the last decade, suggesting that aggression to
BM stroma by peritransplant factors can con-
tribute to leukemia development [16]. A recent
observation has even reported multiple DDLs in
an individual patient [17]. DDLs have been
observed not only after transplantation with
progenitor cells from BM and peripheral blood,
but also after CBT. About 20% of reported cases
were diagnosed in recipients who received
umbilical CBT [2]. Overall, the rate of DDL in
UCBT recipients seemed to be potentially

higher than that after other stem cell sources
[2, 3]. DDLs have mainly been reported after
transplantation with a sole umbilical unit. Only
one prior case of DDL has been reported fol-
lowing a double-unit CBT [12]. However, ours is
the first reported case of a patient with a history
of AML who developed DDL after double-unit
CBT.

Challenges often remain in confirming the
donor origin of malignant cells, especially when
the abnormal cells represent only a small frac-
tion of BM cells. If historically the methods used
to demonstrate donor origins of leukemia have
been based on standard cytogenetics or fluo-
rescence in situ hybridization (FISH) techniques
in recipients with sex-mismatched transplants
and Southern blot analysis for restriction frag-
ment length polymorphism to test donors and
recipients for specific genomic variations, more
quantitative methods, including polymerase
chain reaction (PCR-based) variable number of
tandem repeats (VNTR) and STR analysis, are
now currently routinely used [18]. In our case
report, molecular analysis using STR proved the
de novo leukemia to be of cord 2 origin. The
infused CD34? cell dose of the engrafting unit
has been shown to determine the speed and
success of neutrophil engraftment after double-
unit CBT [19]. However, in our case, the per-
centage of CD34? cells was not associated with
unit dominance.

There is currently no clear explanation for
this post-transplant complication. However,
studying DDL should provide insights into the
process of leukemogenesis. Multiple mecha-
nisms have been proposed including donor cell
intrinsic factors and host extrinsic factors, but
DDL may result from a combination of donor-
and recipient-related factors [20]. Occult leuke-
mia in the donor or genetic predisposition to
hematologic malignancies are a rare form of
DDL but might be favored by the current use of
older people as donors. Other described mech-
anisms include impaired immune surveillance,
induced or inherited stromal abnormalities,
transformation of donor cells during engraft-
ment via altered signals of the host tissues, and
fusion of donor cells with residual leukemic
cells leading to acquisition of oncogenes
[20, 21]. The Epstein-Barr virus-mediated post-

bFig. 3 Assessment of donor chimerism. Profiles of
informative STR PCR products (sensitivity threshold
5%) at the time of engraftment (A), month 12 post-
transplant (B), and month 34 post-transplant (C). (Top
rows show profiles before transplantation: recipient in red,
CB1 in blue, and CB2 in green; middle rows show
chimerism on blood; bottom rows show chimerism on
BM)
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transplant lymphoproliferative disorder occur-
ring in allogeneic HSCT recipients represents an
example of an extrinsic factor able to contribute
to an oncogenic transformation arising in HSCT
recipients [22]. In the case of DDL following
CBT, induced BM stroma abnormalities seem
the most likely mechanism of action associated
with previous chemotherapy, conditioning
regimen with TBI, or post-transplant events
[16].

The latency period between transplantation
and the occurrence of DDL is an important
parameter for the study of its pathogenesis. In
CBT, this interval ranged from 0.25 to
4.54 years (median: 1.23 years). A significantly
shorter latency has been shown in UCBT recip-
ients in comparison with BM recipients [2].
Because of this shorter latency and the multi-
step process of leukemia development, it
appears unlikely that undetected potential
malignant or pre-leukemic clones were trans-
ferred from CB to patient. Furthermore, no cases
of leukemia were further reported in donors. A
higher proportion of DDL cases with dysplastic
features have been described in UCBT recipients
compared to BM recipients [2]. Damaged mar-
row stroma with defective microenvironment,
involved in the development of AML/MDS and
potentially exacerbated by antigenic or viral
stimulation [23], seems more likely in the case
of DDL following CBT. In our case report, the
fact that the initial diagnosis of AML involved
signs of cell dysplasia suggests that this engen-
dered DDL occurrence. Furthermore, our
patient received an alkylating agent- and TBI-
containing conditioning regimen, which could
have influenced an already damaged marrow
stroma and a mutagenic microenvironment.
Genomic instability related to telomere short-
ening and early application of growth factors
have been observed in recipients after allo-
geneic HSCT [24]. Although our patient sur-
vived 78 months from the diagnosis of DDL,
overall survival in most documented cases from
the literature remained poor, ranging from
1 month to 28? months (Table 1).
Immunomodulatory dysfunction and
immunosuppression could also participate here
in DDL development. T lymphocytes in CB are
almost exclusively naı̈ve and characterized by

an immature status compared to those derived
from BM or mobilized peripheral blood stem
cells. They may therefore contribute to the
reduced immune tumor surveillance. In the case
of double-unit CBT, unit–unit HLA match could
influence transplantation outcomes such as
GvHD or relapse. Unit dominance is related to
immune interactions between the two units
[25]. We can hypothesize that less closely HLA-
matched units could result in an enhanced unit-
versus-unit immune response with potential
consequences on cell transformation in a set-
ting of defective microenvironment.

CONCLUSIONS

Although DDL after HSCT is a rare entity, it
should be kept in mind that it is a potential and
severe side effect of HSCT with progenitor cells
from BM and peripheral blood transplantation,
but also transplantation with CB units. In our
case of DDL arising in a patient with AML after
receiving unrelated double-unit CBT, the
mechanisms involved are not clearly evident,
but probably multifactorial. It seems unlikely
that malignant or pre-leukemic clones were
transferred from CB to patient. On the other
hand, the presence of dysplastic features sug-
gests the involvement of damaged marrow
stroma with defective microenvironment,
potentially favored by immunomodulatory
dysfunction. Further investigations are still
needed to better understand the mechanisms in
this type of leukemogenesis.
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