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Donor Cell-Derived Chronic Lymphocytic Leukemia
Presenting After Allogenic Hematopoietic Stem Cell
Transplantation for Acute Myeloid Leukemia
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Abstract

Allogeneic hematopoietic stem cell transplantation (HSCT) is a cura-
tive approach for many hematologic disorders, and donor cell leukemia
(DCL) remains a complication rarely observed after HSCT. The num-
ber of reported cases of DCL slightly exceeds 100, with acute myeloid
leukemia (AML) being the most common type. To date, only a few
cases of chronic lymphocytic leukemia (CLL) emerging from donor
cells have been described in the literature. Here, we report two cases of
CLL of donor origin, which emerged in patients after HSCT for AML.
In the reported cases, patients maintained complete remission of AML
after HSCT. Both donors were free of CLL before transplantation.
Several years after HSCT (9 and 3 years, respectively), lymphocyto-
sis with proven B-cell clonality was detected in recipients prompting
a detailed blood analysis to be performed also in donors. CLL popula-
tion was demonstrated in both cases. The first donor-recipient pair did
not meet criteria for CLL treatment and eventually died from causes
not related to underlying hematologic malignancy. The second couple
received Bruton’s tyrosine kinase inhibitors with good disease control.
The presented cases raise the question of possible clonal evolution of
B-lymphocytes in donor-origin cells. Prospective screening of potential
donors for pre-malignant alterations remains a matter of discussion.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a well-established curative approach for many
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hematological malignancies with acute myeloid leukemia
(AML) being the most common indication. Post-transplant
secondary malignancies are rare and include solid cancers,
post-transplant lymphoproliferative diseases and donor-related
leukemias. The prevalence of donor cell leukemia (DCL) is
estimated to be 80 cases per 100 000 transplants [1].

Considering the lineage of DCL, myeloid malignancies
are more common compared to those of lymphoid origin, and
the most common type of DCLs is AML, followed by acute
lymphoblastic leukemia [2].

Numerous possible models of DCL development have been
proposed, involving previous presence of malignant clone in the
donor or acquisition of primary or secondary mutations after the
transplantation in donor-derived cells in the recipient. Postulat-
ed phenomena underlying DCL development include defective
bone marrow microenvironment, impaired immune surveillance
and high replicative stress. The use of growth factors within the
first 100 days after transplantation, in vivo T-cell depletion and
multiple allografts have been identified as significantly associ-
ated with an increased risk for DCL development [1]. Older do-
nor age is expected to increase the risk of DCL in the recipient,
with cumulative incidence of 6.3% in donors over 60 years, as
clonal hematopoiesis develops with aging [3].

DCL is associated with poor survival resulting from high
relapse risk with subsequent chemo-resistance [1]. The choice
of treatment depends on the type of DCL. Chemotherapy re-
mains the most common therapeutic modality, and a signifi-
cant number of patients undergo second HSCT [1, 2]. More
than 100 cases of DCL have been described in the literature so
far [4], however fewer than 20 patients were diagnosed with
chronic lymphocytic leukemia (CLL) [1, 5-10].

Herein, we present two patients who developed CLL of
donor origin several years after undergoing matched sibling
HSCT for AML.

Case Reports
Case 1

Investigations

A 56-year-old male was diagnosed with AML, not otherwise
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specified, after presenting with leukocytosis (white blood cell
count: 54.2 x 10%/L), moderate anemia (hemoglobin: 10.2 g/
dL), and thrombocytopenia (platelet count: 65 x 10%/L). His
family medical history involved an undefined leukemia in
his brother, who had died at the age of 18. The patient’s bone
marrow cytology revealed 90% myeloblasts with typical im-
munophenotype (CD34-, Tdt-, CD13+dim, CD33+, CD117-,
MPO+dim, CD65+dim, lysozyme+, CD14dim, CD2-, CD19-,
CD22-, stcy CD79a-). Karyotype analysis was not performed
due to lack of evaluable metaphases. The biomolecular assay
was positive for WT-1 oncogene and negative for the following
mutations: BCR/ABL, PML/RARa, CBFS/MYHII, RUNXI1/
RUNXITI and FLT3-ITD.

The patient received induction with DAC regimen (dau-
norubicin, cytarabine and cladribine), which resulted in com-
plete remission. After consolidative treatment, he underwent
HSCT from his human leukocyte antigen (HLA)-matched,
64-year-old brother. At the time of pretransplantation donor
assessment, he presented with normal leukocyte count with-
out lymphocytosis, and no abnormalities were demonstrated
in biochemical tests. Moreover, his chest radiograph and ab-
dominal ultrasound were normal. The recipient was condi-
tioned with treosulfan with fludarabine (Treo-Flu). Graft-vs-
host disease (GVHD) prophylaxis consisted of methotrexate
and cyclosporine. Bone marrow aspirate at discharge showed
complete remission with full donor chimerism.

Three months after HSCT, the recipient developed symp-
toms of acute GVHD meeting the criteria of stage I liver GVHD
and stage I intestine GVHD (grade I1I) according to The Mount
Sinai Acute GVHD International Consortium [11]. Up to 5 years
after the transplantation, the recipient presented with score 1
chronic GVHD symptoms involving skin, mucosae and liver.
Nine years after transplantation, an increased white blood cell
count with lymphocytosis was demonstrated (10.44 x 10%L and
5.47 x 10%/L, respectively). Neither lymphadenopathy nor orga-
nomegaly was found on physical examination.

Diagnosis

Flow cytometry of peripheral blood detected 60% clonal B lym-
phocytes. Bone marrow trephine biopsy showed 80% infiltra-
tion of CLL cells. Fluorescent in situ hybridization (FISH) on
blood cells demonstrated the presence of 13q deletion and tri-
somy 12. The donor origin of CLL was confirmed by short tan-
dem repeats (STR) - polymerase chain reaction (PCR) analysis
of sorted CD19 bone marrow cells (Becton Dickinson FACSAr-
ia™ [II sorter, purity > 98%). His donor was found to have CLL
3 months after the recipient’s diagnosis. The donor’s blood was
occupied in 80% by a B-cell clonal population, presenting the
same immunophenotype as the clonal population in recipient’s
blood. FISH analysis of donor material has not been performed.

Treatment

Neither the recipient nor the donor met the criteria to initiate
treatment for CLL.

Follow-up and outcomes

The recipient died as a result of stroke 14 years after transplan-
tation. Unfortunately, the donor died 11 months later from an
unknown reason.

Case 2
Investigations

A 59-year-old female with a medical history of hypertension
was diagnosed with AML, not otherwise specified. On admis-
sion, she was leukopenic (white blood cell count: 3.37 x 10%/L),
with normal hemoglobin concentration and platelet count.
Bone marrow aspiration showed 30% myeloblasts in the cyto-
logic examination, with a typical immunophenotype (CD34+,
HLA-DR-, Tdt-, CD13+dim, CD33+, CD117+, CD36+, MPO-
, CD15-, CD65-, CD11b-, CD14-, CD64-, CD7-, CD2-, s+cy
CD3-, CD56-, CD19-, CD22-, s+cy CD79a-). The molecular
assay of marrow cells did not detect any of the following mu-
tations: CBFf/MYHI1, RUNXI/RUNXITI, FLT3-ITD and
NPM1. Her karyotype was 46, XX.

She received DA regimen (daunorubicin, cytarabine) and
achieved complete remission. After consolidative treatment, she
underwent HSCT from her HLA-matched 50-year-old brother.
His pretransplantation donor assessment was normal in terms of
hematology, biochemistry or imaging studies. She was condi-
tioned with Treo-Flu. Cyclosporine, mycophenolate mofetil and
anti-thymocyte globulin were given as GVHD prophylaxis.

The recipient achieved complete remission and full donor
chimerism. Her post-transplant follow-up was unremarkable
except for transient symptoms of grade 1 acute GVHD (stage
1 skin GVHD) according to The Mount Sinai Acute GVHD
International Consortium [11], which appeared on day 51 post-
transplant. Transient Epstein-Barr virus (EBV) reactivation
not requiring treatment was detected using PCR.

Three years after transplantation, leukocytosis with lym-
phocytosis were demonstrated (12 x 10°/L and 8.42 x 10%/L ,
respectively). Mild lymphadenopathy and hepatomegaly were
present on physical examination.

Diagnosis

Flow cytometry of peripheral blood detected 85% clonal B
lymphocytes. Bone marrow trephine biopsy showed 50% in-
filtration of CLL cells. Trisomy 12 was detected using FISH.
The recipient’s immunoglobulin heavy chain variable status
was unmutated. The donor origin of CLL was confirmed us-
ing STR analysis of sorted CD19 bone marrow cells (Becton
Dickinson FACSAria™ III sorter, purity > 98%).

The donor was diagnosed with CLL 2 months after the
recipient’s diagnosis with 84% B-cells clonality confirmed in
immunophenotyping of peripheral blood. Flow cytometry re-
vealed differences in immunophenotypic presentation of CLL
in the recipient and donor (CD5+ and CD23+ in the donor’s
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Figure 1. Case 2 - flow cytometry analysis of the donor (a-e) and the recipient (f-j). CD19 cells were gated on the SSC/CD19
dot plot (a, f). In blood of the donor, cells show weaker expression of CD20 (b; y-axis), but stronger expression of CD23 (b; x-
axis), compared to the recipient cells (g). (c) and (h) display expression of CD43 (x-axis) versus CD20 (y-axis). CD43 expression
is slightly weaker in the donor than in the recipient. (d) and (i) show a significant difference in expression of FMC-7, which is
stronger in the donor (d) in comparison with the recipient (i). The expression of CD5 is present in the donor (e), contrary to the

lack of CD5 expression in the recipient’s blood (j).

blood immunophenotyping, CD5- and CD23- in the recipi-
ent’s blood immunophenotyping), as shown in Figure 1. FISH
performed in donor material revealed trisomy 12. The donor’s
immunoglobulin heavy chain variable status was unmutated.

Treatment

Due to the recipient’s rapidly increasing lymphocytosis, treat-
ment with Bruton’s tyrosine kinase inhibitors was adminis-
tered. Treatment has been initiated in the donor as well because
of rapidly increasing lymphocytosis, progressive lymphad-
enopathy and general symptoms.

Follow-up and outcomes

The recipient achieved remission during her Bruton’s tyros-
ine kinase inhibitors treatment. Due to severe side effects, the
treatment has been later discontinued, and currently the recipi-
ent remains under observation. The donor achieved remission
of the disease, and the treatment with Bruton’s tyrosine kinase
inhibitor is currently being continued. He also underwent basal
cell carcinoma excision during his CLL treatment.

Discussion

DCL remains a rare phenomenon, first reported in 1971, yet
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the number of diagnosed cases has increased from 2004, which
may be due to improvement of laboratory diagnostic methods
and better survival rates after allo-HSCT. Donor origin of
leukemia is currently confirmed mainly by STR analysis and
FISH [4]. However, the prevalence of DCL may still be under-
estimated, especially in cases when post-transplant leukemia
represents the same cell lineage as the primary disease. The
total number of DCLs reported since 1971 exceeds 100 [2].
To our best knowledge, less than 20 cases of CLL emerging
as DCL have been reported in the English-language medical
literature to date [1, 5-10].

The proposed pathogenic mechanisms of DCL include the
probable transfer of malignant clone at the time of transplanta-
tion and the infusion of normal or premalignant hemopoietic
stem cells subsequently undergoing malignant transformation
in the microenvironment of the recipient [4, 5, 12]. A defective
hematopoietic microenvironment, being an inherent feature of
the recipient or resulting from damaging effects of previous
chemo- and radiotherapy, as well as impaired immune surveil-
lance (predisposed by T-immunodeficiency following allo-
HSCT, pharmacologic immunosuppression or GVHD) might
play a role in leukemic transformation. No significant impact
of intensity of conditioning on the incidence of DCL has been
shown [1]. The proliferative demands in circumstances of
rapidly repopulating entire hematopoietic system after allo-
HSCT result in progressive telomere shortening and genomic
instability [13]. This may act additively or synergistically with
other alterations in the bone marrow environment to cause he-
matologic dysfunction. The role of EBV as an extrinsic factor
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contributing to an oncogenic transformation after allo-HSCT
is confirmed in post-transplant lymphoproliferative disease,
which, when associated with allo-HSCT, generally originates
from donor cells [14]. However, it is not clear if EBV infection
also promotes DCL development.

Clonal hematopoiesis of indeterminate potential (CHIP)
is an entity defined by presence of somatic mutations in he-
matopoietic cells in the absence of morphologic evidence of
hematologic malignancy. The prevalence of CHIP increases
with age from 10.3% at the age of 60 - 64 years to 28.6% at
the age of 75 - 79 years [15]. The presence of CHIP is asso-
ciated with a higher incidence of hematologic malignancies.
An increased donor age in allo-HSCT is associated with an
elevated risk of CHIP in the recipient [12], as well as with
higher incidence of DCL [16]. The sibling donors in the cases
presented, particularly the donor in case 1, were of relatively
advanced age. The choice of the donor in both cases was justi-
fied by faster and more convenient access to a related donor in
comparison to an unrelated donor. However, it must be noted
that the transplantation in case 1 was performed over a decade
ago and individuals aged over 60 are not currently chosen as
hematopoietic stem cells donors due to an increased risk of
transplant complications.

Another disorder carrying potential risk of donor-derived
CLL development is monoclonal B-cell lymphocytosis (MBL),
which can putatively originate at both stem cells and more ma-
ture cells [17]. MBL is defined as clonal B-cell population in
the peripheral blood with fewer than 5 x 10°/L B cells and no
other signs of a lymphoproliferative disorder [18]. MBL prev-
alence increases with age, and its frequency reaches 20% in
healthy individuals older than 60 years [19]. Between 1% and
4% of individuals with CLL-type MBL per year will develop
progressive disease requiring treatment [20]. MBL has been
detected in patients up to 6.4 years before the development
of clinically recognized leukemia [21]. A case of transmission
of CLL-like MBL retrospectively detected in peripheral blood
at the time of bone marrow harvest has been reported [10].
These observations indicate that testing for B-cell clonality in
potential donors in the older age group may decrease the risk
of transferring MBL to the recipient.

The differences in the immunophenotypic presentation of
CLL in the recipient and donor in case 2 revealed in flow cy-
tometry (Fig. 1) raise the question of possible alternative evo-
lution of the lymphoid clone. One hypothetical explanation is
the occurrence of an early lesion in a progenitor [22] or stem
cell [23] in the donor before donation, and post-transplant ac-
quisition of further mutations and alternative maturation of the
clone in the donor and recipient [24, 25]. In another scenario,
a mature B-cell clone could be transplanted, with subsequent
transformation in the recipient, which could be indicated by
the putative loss of CD5 and CD23 expression in the recipi-
ent’s B cells, which is a common event in CLL transformation
to diffuse large B-cell lymphoma [25]. Since immunopheno-
typing was not performed in the donor’s material at the time
of donation, the presence of monoclonal lymphocytosis at this
time cannot be ruled out.

Eleven cases of donor cell-derived CLL reported in the
literature so far are summarized in Table 1 [1, 5-10]. Donor
follow-up data were available in nine cases, and in all of them,

as well as in two of our cases, the leukemic clone was found
in the donor after allo-HSCT. Engel et al obtained detailed
follow-up data for 25 donors, of whom five cases were diag-
nosed with the same hematologic malignancy as their recipi-
ents (CLL in four cases, chronic myeloid leukemia in one case)
[1]. In contrast, numerous cases of other DCLs, predominantly
AML, have been reported, but hematological malignancies in
donors have been excluded [1, 5], which apparently has nev-
er been reported in donor-recipient pairs where the recipient
developed CLL in cells of donor origin. Such consistency of
results in CLL patients and their donors may suggest the pres-
ence of preleukemic alterations in donors’ cells at donation.
Unfortunately, flow cytometry studies were not performed at
donation.

The phenomenon of leukemia arising from donor cells af-
ter allo-HSCT raises the question of donor stem cells screening
before transplantation in searching of clonal hematopoiesis.
Some authors postulate screening for CHIP in allogenic do-
nors older than age 50 years to minimize the risk of DCL [26],
whereas others conclude that the current level of evidence
is insufficient to implement prospective screening of donors
for CHIP in clinical practice [27, 28]. Further investigation is
needed to assess the clinical impact of CHIP.

Learning points

DCL is a diagnostic challenge, and it may be misdiagnosed
as a relapse of primary leukemia when presenting the same
lineage. The pathogenesis of DCL remains incompletely un-
derstood, yet it constitutes an interesting model for studies on
leukemogenesis. Prospective screening of donors for CHIP
and MBL remains a matter of discussion.
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