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Abstract

Approximately 25,000 allogeneic transplants are performed annually
worldwide; a figure that has steadily increased over the past three
decades. The study of transplant recipient survivorship has become
a cogent topic and post-transplant donor cell pathology warrants fur-
ther study. Donor cell leukemia (DCL) is a rare but serious complica-
tion of allogeneic stem cell transplantation (SCT) where the recipi-
ent develops a form leukemia originating from the donor cells used
for transplantation. Detection of abnormalities predicting donor cell
pathology might inform donor selection, and the design of survivor-
ship programs for early detection of these abnormalities might allow
therapeutic intervention earlier in the disease course. We present four
recipients of allogeneic hematopoietic stem cell transplant (HSCT)
from our institution who developed donor cell abnormalities alloge-
neic SCT, highlighting their clinical characteristics and challenges.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) offers curative therapy for some malignant hematolog-
ical disease and marrow failure states. Post-transplant donor
cell leukemia (DCL) is a rare but serious complication that
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can arise from allogeneic stem cell transplantation (SCT). In
DCL, the recipient develops a form of leukemia or lymphoma
that originates from the donor cells used for transplantation.
The pathogenesis of DCL is complex and multifactorial, with
various genetic, epigenetic, and environmental factors poten-
tially contributing to its development. The incidence of DCL
varies depending on the type of SCT, the conditioning regimen
used, and the underlying disease of the recipient. Studies have
reported DCL occurring in approximately 0.5% to 5% of allo-
geneic SCT recipients, with a higher incidence in patients who
receive SCT for non-malignant disease [1, 2]. The prognosis
of DCL is generally poor, with a median survival ranging from
a few months to a few years [1]. Treatment options for DCL
include chemotherapy, radiation therapy, and donor lympho-
cyte infusion, but the effectiveness of these treatments is lim-
ited [3]. Therefore, early diagnosis and prevention of DCL are
crucial to improving the outcomes of allogeneic SCT recipi-
ents. We report four recipients of allogeneic HSCT from our
institution who developed DCL, discuss potential mechanisms
underlying these disorders and propose potential avenues for
future study.

Case Reports

Case 1

A 44-year-old male was diagnosed with myelodysplastic syn-
drome (MDS) in 1999 and underwent an allo-HSCT from his
50-year-old sister in 2001. A post-transplant bone marrow bi-
opsy in August 2002 revealed no evidence of MDS and cy-
togenetic study revealed 46,XX. In June 2018, he developed
neutropenia with an absolute neutrophil count (ANC) of 208
x 103/uL. A repeat bone marrow biopsy at that time revealed
cellularity of 70% with 60% blasts; with the following im-
munophenotype: CD34*, CD33-, CD13-, CD117*, CDI15%,
CD38*, MPO-, cCD3-, ¢cCD79-, TDT", CDl1l1c", and HLADR™.
A myeloid next-generation sequencing (NGS) panel revealed
low-level WT'I mutation (7.6% allele frequency). Repeat chi-
merism revealed 100% donor cells in CD33 and CD3 compart-
ments. The cytogenetic study demonstrated 46,XX karyotype.
The fluorescence in situ hybridization (FISH) study showed
loss of EGR1 (53.5%), loss of CBFB (66.0%), loss of centro-
meric region chromosome 17 (8.3%, p53 remained intact) and
loss of AML1 (50.0%). The patient underwent induction ther-
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apy followed by a haploidentical HSCT from his 31-year-old
son in October 2018. A day +30 chimerism study demonstrated
100% donor cells in all three compartments (CD3, CD33/66,
CD56). Repeat bone marrow biopsy demonstrated mildly hy-
percellular marrow with no evidence of leukemia. Cytogenetic
and FISH studies revealed a normal male karyotype. The pa-
tient remains in complete remission.

Case 2

A 72-year-old female diagnosed with cytogenetically normal
acute myeloid leukemia (AML) in 2001, at age 55, was given
induction with daunorubicin and cytarabine followed by high-
dose cytarabine (HiDAC) consolidation. She achieved com-
plete remission, but experienced relapse in July 2002. She was
induced and received consolidation again followed by an al-
logeneic HSCT from her 65-year-old brother. Post-transplant
marrow confirmed a complete remission.

In October 2012, she underwent bone marrow biopsy for
mild pancytopenia. Marrow was hypocellular with dyseryth-
ropoiesis and normal male karyotype. In December 2016, a
repeat marrow demonstrated dysplasia in the erythroid line.
Cytogenetic and FISH studies demonstrated a normal male
karyotype. A myeloid NGS panel detected mutations in the
TP53(p.H179Q) and U2AFI(p.S34F) genes. The chimerism
study continued to show 100% donor cells in all three compart-
ments and the diagnosis of donor cell origin MDS was made.

The pre-transplant bone marrow biopsy done in October
2017 continued to demonstrate dysplasia and 6% blasts con-
sistent with MDS-EB1. Myeloid NGS study now showed the
presence of a mutation in TET2(p.Gly1288Asp, VAF 7.3%),
as well as the TP53(p.His179GlIn, VAF 9.7%) and U2AFI(p.
Ser34Phe, VAF, 9.1%). A cytogenetic study demonstrated an
abnormal male karyotype with del7q31(20% by FISH) and
polysomy 62-79,XYY in 19.4% of cells.

The patient underwent haploidentical HSCT in Novem-
ber 2017 utilizing her 30-year-old grandson as the donor. The
chimerism study from peripheral blood showed 100% donor
(grandson) cells in all three compartments. The patient died
from multilobar pneumonia and respiratory failure on day +61.

Case 3

A 40-year-old female presented with pancytopenia and circu-
lating blasts. Bone marrow biopsy performed in January 2010
revealed 100% cellularity with an immature cell infiltrate ex-
pressing CD20, CD10, bcl-2 and Pax-5. Ki-67 stained 90% of
cells. A cytogenetic study revealed: 55,XX, +4, +5, +6, add(9)
(pl3), der (9)(p21), t(9;22)(q34;q11.2), +14, +17, +18, +21,
+22, der (22) t(9;22)x2[18]/46XX[12]. Quantitative RT-PCR
for BCR-ABL identified the presence of the ela2 transcript
consistent with the expression of the p190 protein. The patient
was diagnosed with Philadelphia positive-acute lymphoblas-
tic leukemia and received induction therapy as proscribed in
CALGB 10403 (off study) and CALGB 10001. Post-treatment
bone marrow biopsy and flow cytometry were consistent with
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complete molecular remission.

She underwent a double umbilical cord blood transplant
((male (cordl)) and ((female (cord2)) in November, 2010.
Chimerism study on multiple occasions revealed complete do-
nor chimerism with persistence of both cord blood units. The
pattern of chimerism became exclusively female (cord 2) in
the CD33 compartment concomitant with the development of
leukocytosis in December of 2012. Subsequently blasts were
detected in the periphery and a bone marrow biopsy was per-
formed on February 8, 2013, which was hypercellular with
dysmyelopoiesis, dyserythropoiesis with detectable blasts and
monocytosis, peripheral blood demonstrated 37% blasts and
flow cytometry confirmed CD454™ blasts. No evidence of
FLT3 mutation was detected. A repeat study for BCR-ABL1
by RT-PCR was negative. Chimerism study performed in Feb-
ruary, 2013 demonstrated no host cells: 100% cord 2 (female)
cells in the CD33 compartment, 68% cord 2 (female) and 32%
cord 1 (male) in the CD3 compartment, and 72% cord 2 (fe-
male) and 28% cord 1 (male) in the CD56 compartment. The
patient died on day +868 post-transplant and 44 days after the
diagnosis of donor cell AML. This DCL originated from the
female cord blood unit (cord 2), as indicated by the exclusive
presence of female donor cells in the CD33 compartment and
the subsequent development of leukocytosis. Although the
possibility of a clonal switch from lymphoblasts to myelo-
blasts cannot be completely excluded, further investigations
are warranted to elucidate the clonal relationship between the
original neoplastic clone and the subsequent donor cell AML.

Case 4

A 54-year-old male presented with leukocytosis and circulat-
ing blasts. Bone marrow biopsy was performed in November,
2014, which revealed hypercellular marrow and 97% blasts
with immunophenotype: CD454™ CD34-, CD33", CD117%,
CD4rartial - CD11¢*, HLADR', MPO*, TDT, cyCD3", and
cyCD79-. Cytogenetic and FISH studies revealed normal male
karyotype. A 21 gene NGS panel revealed FLT3-ITD and
IDH1(c.395G>A; p.R132H) mutations. The patient received
induction chemotherapy with 7 + 3. A post-treatment marrow
showed residual disease and he received extended induction
with 5 + 2. Recovery marrow showed low-level residual dis-
ease (8% blasts), and then the patient received two cycles of
HiDAC. The pre-transplant marrow showed complete remis-
sion, although molecular studies were not repeated. The pa-
tient underwent a matched unrelated donor peripheral blood
stem cell transplantation (MUD PBSCT) (donor: 44-years-old
male) in March, 2015 and was conditioned with FluBuTBI
regimen. He achieved an absolute neutrophil count (ANC) of
500 x 10%/uL and a platelet (PLT) count of 20 x 103/uL en-
graftment on day +13 and day +17. Post-transplant bone mar-
row biopsy showed no evidence of leukemia and NGS panel
revealed no mutations, all consistent with complete molecular
remission. Post-transplant chimerism studies revealed 100%
donor cells in the CD33, CD3 and CD56 compartments.

In late November 2018, he presented with leukopenia and
anemia. Bone marrow biopsy was performed and revealed

www.thejh.org 139



DCL Following Allo-HSCT J Hematol. 2023;12(3):138-144

cellular marrow with immaturity and increased blasts (> . = . gee
20%); immunophenotype CD34-, CD33*, CD117*, CD4partial g |3 2 -2 = o
HLADR-, CDl11c". A cytogenetic study revealed an abnormal g |5 E E E 8ot
karyotype; 46,XY, t(1;20), t(4;17) add(21)[11] / 46,idem, -10, ) ~ ~ a ~ 8 § 3
+mar[2] / 46,XY[7]. FISH was positive for FIPILI/RARA re- 3 g g Q5 =
arrangement in 17.4% of cells with an extra signal for RARA = B . g . c5 P
in 33.6%. A myeloid NGS panel revealed IDHI(c.395G>A; g | 32 é@ - %‘1@ 2| g ; %
p.R132H) and WTImutations. Repeat study of chimerism g 2z B £8 882 = £8 58¢
demonstrated 100% donor in CD3, CD33 and CD56 compart- 2 é < 8 3E s 258 3E g g k5 ‘g
ments. The patient received all-trans retinoic acid (ATRA) and ) § g g £ S-S b :;’; s £ 83| £ ‘§ 2
arsenic trioxide initially but was switched to azacytidine when A (A2 058 0E3 O%E ST
all results were available. A post-treatment bone marrow biop- © e 5& e 5 E § é
sy demonstrated persistent disease positive for FIPILI/RARA R 2 8§28 _Z E&¢ 25a
gene rearrangement and molecular studies revealed FLT3-ITD g | =E 2 E 2 E g £ 22z
and IDH1(c.395G>A; p.R132H) mutation. He died of progres- & |55 &% =% &% =8¢
sive leukemia on day +1,605 post-transplant. , B| 2 2 ” 2 ,-?_2) § g
This occurrence of myeloid leukemia with acquired muta- < E 5 5 g g PR
tions, cytogenetic abnormalities, and persistence of FLT3-ITD EQ = f, E g 3 K] % >
and IDH]I p.R132H mutations, with 100% donor chimerism, S8 - ! e - 52 5
raises suspicion of DCL. However, it is also unclear that given . g 2 2 8E£&
the presence of new genetic alterations and clinical features SE = ss = s> | 882
indicative of leukemia relapse post-transplant, this may have = g S 2 % S 2 % E ’g o
also represented components suggesting clonal evolution or Sg | = g < S E @-E S
selection of leukemic cells. o . g3 2
The four cases in the study were summarized in Table 1. = 9 g § o § § 23 S
lag] =) = £ ;
Discussion §§§ ES% éEN ;5 5%2
e NE2 &
DCLis arare and potentially life-threatening complication that £ § 5 [5 E 5 § E E % § % Ié% E
can occur following HCT. It is characterized by the emergence O A~d dxQq KA EH I
of'a clonal population of hematopoietic cells with the same ge- . o2 2 = ° EoT
netic profile as the donor, but with acquired genetic mutations g E 2 Z gn - = 3 £y
that confer a leukemic phenotype. These mutations can occur 80 & < z zZz £ =8
during the pre-transplantation phase, as a result of exposure to © © o 2 292
mutagenic agents, or during the transplantation process itself. § Z 8 Z §D = 5 c % =8
The pathogenesis of DCL is complex and multifactorial, in- a8 5 g8 = 8 2 g EQ -?)
volving both genetic and environmental factors. - " § % 3
Based on a review of the literature, conflicting evidence S |, _E 3 23 3 =73 23 E
R . . 2 =2 = s < = = <= £ o
has been found regarding the frequency of DCL in comparison b g5 =: ERE - =: 2 £% 2%a
to previous reports. Some studies have demonstrated that the L |AEE ERE A~ E K£E a&E 583
incidence of DCL has increased over time, possibly due to im- c o0& . . 9 4 é’ 5
proved detection and reporting methods. For instance, a retro- ® | B2 = = = G- & 5%
spective analysis of 1,994 allogeneic hematopoietic cell trans- 2 =8 | g g & s3o g
plant recipients reported that the incidence of DCL rose from © | 58 £ g £ S £E°8
0.2% to 0.7% over a 30-year span [4]. Another study found 3 2l “ © - ?3 Bl
that the incidence of DCL increased from 0.1% to 0.5% from "c']; s 5 © é © Lé T
1970 to 1997, as reported to the World Health Organization £ &% 2 5 s 5 8 2 %'g
[5]. Nevertheless, other studies have indicated no significant © = go % %
change in the incidence of DCL over time, implying that the S| Eal. - . © '§ 2 g£
frequency of this complication may be stable or even decreas- S Sia o < = i 25388
ing [6]. 5 T % = | §EgS
In order to identify the presence of donor cells within the E =2 2., & = LB 5 88
CD3, CD33/66, and CD56 compartments, a day +30 chimer- S5 | 28 E g 'c? g 28E 258 2 i% a3
ism study was conducted for our cases. Chimerism analysis is ® g 2?32 = T £E2 ¢ g SEEQ
a method used to determine the proportion of donor and recipi- % gs <2 =27 U=x22 Z-= S 2 5g
ent cells in a post-transplantation setting. In this study, flow ] b C)' £983
cytometry was employed to analyze the expression of specific s © |- o o < ag8s88

140 Articles © The authors | Journal compilation © ] Hematol and Elmer Press Inc™ www.thejh.org



Khattab et al

| Hematol. 2023;12(3):138- 1 44

cell surface markers, namely CD3, CD33/66, and CD56, which
are commonly used to identify T cells, myeloid cells, and natu-
ral killer (NK) cells, respectively. For each compartment, the
percentage of cells expressing the donor-specific marker (e.g.,
CD3" cells in the CD3 compartment) was quantified. A finding
of 100% donor cells within a specific compartment indicates
complete engraftment of donor-derived cells in that particular
cell population. This implies that the CD3 compartment pre-
dominantly consisted of donor-derived T cells, the CD33/66
compartment primarily contained donor-derived myeloid
cells, and the CD56 compartment was largely composed of
donor-derived NK cells.

The presented cases provide compelling evidence for the
occurrence of donor cell malignancy, including potential DCL,
following HSCT. In case 1, the development of AML with a
leukemic immunophenotype and specific genetic abnormali-
ties, despite previous complete remission and 100% donor
chimerism, strongly suggests the emergence of leukemic cells
originating from the donor. Similarly, in case 2, the progres-
sion of MDS with the acquisition of new mutations and chro-
mosomal abnormalities, alongside the persistence of donor
chimerism, supports the diagnosis of donor cell origin MDS.
Case 3 presents an intriguing example of DCL, with the emer-
gence of female donor cells in the CD33 compartment and
subsequent leukocytosis, indicative of leukemic transforma-
tion originating from the donor. Finally, case 4 highlights the
complexity of donor cell malignancies, with the persistence
of specific mutations and cytogenetic abnormalities post-trans-
plantation, raising suspicion of clonal evolution or selection of
leukemic cells. These cases collectively emphasize the need
for comprehensive monitoring, including mutational profiling
and chimerism studies, to identify and understand the develop-
ment of donor cell malignancies after HSCT.

DCL may correlate with increasing donor age, suggesting
that age-related mutation in hematopoietic stem cells might be
the cause [7-12]. Decreasing transplant-related mortality has
extended the upper age at which allogeneic HSCT can be per-
formed. As donors age, clonal hematopoiesis of indeterminate
potential (CHIP) becomes more prevalent in donor stem cells
that are transferred to recipients. It has been theorized that, due
to the increased replicative demand on the donor cells in the
recipient, telomere shorting might magnify these genetic al-
ternations typically seen in the aging process, including clonal
hematopoiesis [13].

In regard to latency, it appears that the time from trans-
plantation to the onset of DCL in the present series is similar
to previous reports. The median time to onset of DCL in this
series was 17 months, which is consistent with previous stud-
ies [14]. Regarding the concept of CHIP, it has been suggested
that younger donors may have a longer latency period before
the development of DCL [15]. This is because CHIP is more
common in older individuals and is associated with age-related
clonal hematopoiesis (ARCH) [16]. However, it is important
to note that the relationship between CHIP and DCL is com-
plex and not fully understood. There is some evidence to sup-
port the idea that younger donors may have a longer latency
period before the development of DCL. For example, one
study found that the median time to onset of DCL was longer
in patients who received grafts from donors under 20 years of
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age compared to those who received grafts from older donors
[17]. However, other studies have not found a significant as-
sociation between donor age and the risk of DCL [18].

Although advanced age of the donor has been identified
as a potential risk factor for the development of DCL through
ARCH, reports suggest that younger donors can also be impli-
cated in the occurrence of this complication. A retrospective
analysis of 2,782 patients who underwent SCT found that 15%
of DCL cases occurred in recipients who received grafts from
donors under the age of 55 [19]. The median time to DCL di-
agnosis in these cases was 1.4 years after SCT, which is similar
to that observed in DCL cases with older donors. The mecha-
nisms underlying DCL development in younger donors are not
well understood, but some potential factors have been pro-
posed. One possible mechanism is the presence of pre-existing
malignant or pre-malignant cells in the donor graft, such as
hematopoietic stem cells or progenitors with leukemia-asso-
ciated mutations [20]. These cells may have escaped detection
during the screening process and proliferate in the recipient’s
body, leading to DCL. Another possibility is the transmission
of viral or bacterial infections from the donor to the recipi-
ent, which can trigger the development of malignancy through
chronic inflammation or other mechanisms [21]. Furthermore,
genetic variations in the donor’s immune system or hemat-
opoietic cells may affect the risk of DCL in the recipient [22,
23]. The incidence of DCL in younger donors is relatively low,
and more research is needed to determine the precise mecha-
nisms of this phenomenon. However, these findings highlight
the importance of careful screening and selection of donors for
allogeneic SCT, regardless of their age or other demographic
factors.

CHIP describes the presence of a clonal blood cell popula-
tion associated with a driver mutation at a variant allele fre-
quency (VAF) > 2%, in the absence of severe cytopenia or a
WHO-defined disorder [23-26]. ARCH is essentially synony-
mous with CHIP. These mutations are found in 5% of individu-
als greater than 50 years of age [26], with the most common
gene mutations being found in DNMT3A, ASXLI, and TET?.
CHIP without known driver mutations has also been described
[15, 16, 27]. The rate of development of overt neoplasia in pa-
tients with CHIP is 0.5% to 1% per year and these patients are
four to 15 times more likely to develop a hematologic malig-
nancy [28]. While only case 2 presented with a TE72 mutation,
the genetic characteristics of these cases may differ from those
previously reported in the literature. This underscores the need
for continued investigation of the genetic landscape of CHIP-
associated DCL, to better understand the mechanisms underly-
ing its pathogenesis and potentially identify new therapeutic
targets.

CHIP mutations might confer a survival advantage allow-
ing these clones to expand under the influence of selection
pressure such as chemotherapy or immunosuppression. These
surviving clones might be the origin of DCL [4]. DCL is esti-
mated to account for approximately 1-5% of all post-transplant
leukemia [12, 29, 30]. When transplanted, expansion of these
clones as required for repopulation of the hematopoietic stem
cell niche might accelerate the acquisition of secondary muta-
tions providing surviving mutated clones a survival advantage
leading to malignancy [31-33].
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Jaiswal et al [15] examined somatically acquired single-
nucleotide variants from 22 population-based cohorts and
found that the genes most commonly mutated in clonal he-
matopoiesis including DNMT3A4, TET2 and ASXLI were sta-
tistically more prevalent in the older population [34-37]. The
presence of these mutations adversely affected overall survival
(OS). Similarly, ARCH has been shown to increase all-cause
mortality. Young et al [38] demonstrated the same mutation in
B cells, T cells and myeloid cells, indicating that this mutation
is present in a founder population [8, 38-42]. Frick et al [11]
analyzed 500 healthy related HSCT donors (age > 55 years) at
the time of stem-cell donation. The recipients receiving a graft
from donors with or without ARCH/CHIP had identical sur-
vival. This study is limited particularly by its short follow-up.

Ganuza et al [43] have reported that serial transplantation
of hematopoietic stem cells in a murine system resulted in de-
creased clonal diversity and that aging was associated with the
acquisition of mutations. However, to date, there have been
no large-scale studies analyzing clonal populations in steady-
state hematopoiesis. Confirmatory studies and mechanistic ex-
periments should be performed before preventative strategies,
such as clonally selective immunotherapy, can be applied to
this patient population and improve post-HSCT outcome.

Diagnostic methods used to verify the donor origin of cells
can include conventional cytogenetics, FISH, and molecular
methods [44] which are also supported by chimerism. We in-
clude case 4 as an example where peripheral blood confirmed
100% donor hematopoiesis yet marrow study revealed identity
with prior recipient leukemia phenotype and cytogenetic ab-
normalities. Unfortunately, a specimen for chimerism study on
the marrow was not obtained.

It is uncertain if donors harboring ARCH/CHIP should be
excluded from donation. However, DeZern et al recommended
against NGS screening in asymptomatic individuals, as the risk
of hematologic malignancy in a donor is very small [45]. An
open question remains particularly as it concerns older donors
> 55 years, as to whether they should be screened by NGS for
the presence of mutations known to be associated with either
CHIP/ARCH or frank hematologic malignancy. We have no
accepted strategy to use NGS to include or exclude donation.

Recently, new tests have been developed, including error-
correcting sequencing (ECR) which has a limit detection of
0.0001 [46]. These new tests might be used to screen donors
and perhaps detect mutations earlier allowing recipient or do-
nor-targeted intervention. If the incidence of DCL increases,
consideration should be given to subjecting older donors to
these new, more sensitive, screening methods. CHIP is exceed-
ingly rare in individuals 40 - 50 years old thus donor screening
should be restricted to those greater than 50 years of age [47].
When multiple donors of different ages are available, pref-
erence can be assigned to younger donors to avoid possibly
transmitting CHIP.

Additional factors may also contribute to the development
of DCL. Recipient factors, such as underlying hematological
disorders or immune deficiencies, could create a permissive
environment for leukemic transformation. Donor-related fac-
tors, in addition to the aforementioned presence of pre-leu-
kemic clones or advanced donor age, such as genetic abnor-
malities in the donor, including chromosomal aberrations or
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mutations in key regulatory genes, have been implicated as
potential risk factors for leukemic transformation in the re-
cipient [43]. Transplant-related factors, such as conditioning
regimens, immunosuppressive therapies, or graft-versus-host
disease (GVHD), could also impact the development of DCL.
The exact mechanisms by which these factors contribute to
DCL remain elusive and require further investigation. Un-
derstanding the interplay between recipient, donor, and trans-
plant-related factors is crucial for unraveling the pathogenesis
of DCL and implementing strategies to mitigate its occurrence.

Acknowledgments

The authors would like to thank the Department of Medical
Oncology and Hematology and the Division of Hematology
and Cellular Therapeutics at Allegheny Health Network for
their assistance in the production of this project.

Financial Disclosure

There is no funding to report.

Conflict of Interest

The other authors have no conflict of interest to make. Institu-
tional IRB approval was granted for the conduct of this study.

Informed Consent

All the informed consents for publication from the patients
were obtained.

Author Contributions

AK and JL contributed to the conceptualization. AK wrote the
original draft. AK, SP, GP, YS and SF contributed to writing
the review and editing. AK and JL participated in the final re-
vision.

Data Availability

The data supporting the findings of this study are available
from the corresponding author upon reasonable request.

References

1. Goyal SD, Slade M, Shanley R, Szer J, Grigg AP, Ken-
nedy GA. Donor cell leukemia: a review. Bone Marrow
Transplantation. 2019;54(8):1135-1141.

2. Smith M, Arthur C, Robinson S. Donor cell leukemia - a
review. Bone Marrow Transplantation. 2010;45(3):351-

www.thejh.org



Khattab et al

| Hematol. 2023;12(3):138- 1 44

10.

I1.

12.

13.

14.

15.

16.

357.

Wang ML, Sandmaier BM, Maloney DG. Donor cell
leukemia after allogeneic stem cell transplantation: risk
factors, treatment, and prevention. Biology of Blood and
Marrow Transplantation. 2020;26(7):e163-e169.

Majhail NS. Long-term complications after hematopoi-
etic cell transplantation. Hematol Oncol Stem Cell Ther.
2017;10(4):220-227. doi pubmed pmc

Socie G, Stone JV, Wingard JR, Weisdorf D, Henslee-
Downey PJ, Bredeson C, Cahn JY, et al. Long-term
survival and late deaths after allogeneic bone marrow
transplantation. Late Effects Working Committee of
the International Bone Marrow Transplant Registry.
N Engl J Med. 1999;341(1):14-21. doi pubmed
Michallet M, Sobh M, Boumsell L, et al. The World
Health Organization (WHO) classification of hematolog-
ical malignancies: report of the clinical advisory commit-
tee meeting. Airlie House, Virginia, November 1997. Ann
Oncol. 1999;10(12):1419-1432. doi

Sorror ML, Maris MB, Storb R, Baron F, Sandmaier
BM, Maloney DG, Storer B. Hematopoietic cell trans-
plantation (HCT)-specific comorbidity index: a new
tool for risk assessment before allogeneic HCT. Blood.
2005;106(8):2912-2919. doi pubmed pmc

Wong WH, Bhatt S, Trinkaus K, Pusic I, Elliott K,
Mahajan N, Wan F, et al. Engraftment of rare, patho-
genic donor hematopoietic mutations in unrelated he-
matopoietic stem cell transplantation. Sci Transl Med.
2020;12(526):eaax6249. doi pubmed pmc

Afessa B, Peters SG. Major complications following he-
matopoietic stem cell transplantation. Semin Respir Crit
Care Med. 2006;27(3):297-309. doi pubmed

Scott JM, Armenian S, Giralt S, Moslehi J, Wang T, Jones
LW. Cardiovascular disease following hematopoietic
stem cell transplantation: Pathogenesis, detection, and the
cardioprotective role of aerobic training. Crit Rev Oncol
Hematol. 2016;98:222-234. doi pubmed pmc

Frick M, Chan W, Arends CM, Hablesreiter R, Halik A,
Heuser M, Michonneau D, et al. Role of donor clonal he-
matopoiesis in allogeneic hematopoietic stem-cell trans-
plantation. J Clin Oncol. 2019;37(5):375-385. doi pub-
med

Kato M, Yamashita T, Suzuki R, Matsumoto K, Nishi-
mori H, Takahashi S, Iwato K, et al. Donor cell-derived
hematological malignancy: a survey by the Japan Soci-
ety for Hematopoietic Cell Transplantation. Leukemia.
2016;30(8):1742-1745. doi pubmed

Wiseman DH. Donor cell leukemia: a review. Biol Blood
Marrow Transplant. 2011;17(6):771-789. doi pubmed
Wolff D, Lawitschka A, Petershofen E, et al. Donor cell
leukemia: a critical review. Biol Blood Marrow Trans-
plant. 2010;16(1 Suppl):S2-S7. doi

Jaiswal S, Fontanillas P, Flannick J, Manning A, Grau-
man PV, Mar BG, Lindsley RC, et al. Age-related clon-
al hematopoiesis associated with adverse outcomes.
N Engl J Med. 2014;371(26):2488-2498. doi pubmed
pmc

Genovese G, Kahler AK, Handsaker RE, Lindberg J,
Rose SA, Bakhoum SF, Chambert K, et al. Clonal hemat-

Articles © The authors | Journal compilation © | Hematol and Elmer Press Inc™

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

opoiesis and blood-cancer risk inferred from blood DNA
sequence. N Engl J Med. 2014;371(26):2477-2487. doi
pubmed pmc

Ruggeri A, Labopin M, Bacigalupo A, et al. Post-trans-
plantation donor cell leukemia in the European Group
for Blood and Marrow Transplantation database: a rare
complication with poor prognosis that is often missed.
Haematologica. 2015;100(5):760-767. doi

Woolfrey A, Klein JP, Haagenson M, et al. Bone marrow
transplantation for acute leukemia using unrelated do-
nors: the effect of HLA class II matching on outcome.
Blood. 2010;116(23):4693-4699. doi

Kato M. [Donor cell-derived hematological malignancies
after allogeneic hematopoietic stem cell transplantation].
Rinsho Ketsueki. 2017;58(7):813-817. doi pubmed
Tsirigotis P, Byrne M, Schmid C, et al. Donor cell leuke-
mia: a multicenter study. Leukemia. 2010;24(12):2205-
2211. doi

Saito AM, Cutler C, Zahrieh D, et al. A large-scale analy-
sis of outcome in patients with donor pretransplantation
leukemic cells reveals a strong graft-versus-leukemia ef-
fect and validation of the minimal residual disease con-
cept. Blood. 2011;118(20):5377-5384. doi

Pileckyte R, Renlund DG, Lipton JH, et al. Transmission
of donor leukemia into a liver transplant recipient. Blood.
2003;101(3):1084-1089. doi

Bejanyan N, Rogosheske J, DeFor TE, et al. Influence
of donor and recipient CTLA-4 and PTPN22 gene pol-
ymorphisms on the incidence of chronic graft-versus-
host disease and leukemia relapse after hematopoietic
cell transplantation. Biol Blood Marrow Transplant.
2013;19(11):1607-1613. doi

Terakura S, Atsuta Y, Tsukada N, et al. Genetic poly-
morphisms of interleukin-10 and tumor necrosis factor-
alpha influence outcome after allogeneic hematopoietic
stem cell transplantation. Biol Blood Marrow Transplant.
2008;14(10):1148-1160. doi

Steensma DP, Bejar R, Jaiswal S, Lindsley RC, Sekeres
MA, Hasserjian RP, Ebert BL. Clonal hematopoiesis of
indeterminate potential and its distinction from myelod-
ysplastic syndromes. Blood. 2015;126(1):9-16. doi pub-
med pmc

Steensma DP. Clinical consequences of clonal he-
matopoiesis of indeterminate potential. Blood Adv.
2018;2(22):3404-3410. doi pubmed pmc

Xie M, Lu C, Wang J, McLellan MD, Johnson KJ, Wendl
MC, McMichael JF, et al. Age-related mutations associ-
ated with clonal hematopoietic expansion and malignan-
cies. Nat Med. 2014;20(12):1472-1478. doi pubmed pmc
de Haan G, Lazare SS. Aging of hematopoietic stem cells.
Blood. 2018;131(5):479-487. doi pubmed

Verovskaya E, Broekhuis MJ, Zwart E, Ritsema M, van
Os R, de Haan G, Bystrykh LV. Heterogeneity of young
and aged murine hematopoictic stem cells revealed by
quantitative clonal analysis using cellular barcoding.
Blood. 2013;122(4):523-532. doi pubmed

Yu VWC, Yusuf RZ, Oki T, Wu J, Saez B, Wang X, Cook
C, et al. Epigenetic Memory Underlies Cell-Autonomous
Heterogeneous Behavior of Hematopoietic Stem Cells.

www.thejh.org 143


https://www.doi.org/10.1016/j.hemonc.2017.05.009
http://www.ncbi.nlm.nih.gov/pubmed/28641097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5925745
https://www.doi.org/10.1056/NEJM199907013410103
http://www.ncbi.nlm.nih.gov/pubmed/10387937
https://www.doi.org/10.1023/A:1008312923374
https://www.doi.org/10.1182/blood-2005-05-2004
http://www.ncbi.nlm.nih.gov/pubmed/15994282
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895304
https://www.doi.org/10.1126/scitranslmed.aax6249
http://www.ncbi.nlm.nih.gov/pubmed/31941826
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521140
https://www.doi.org/10.1055/s-2006-945530
http://www.ncbi.nlm.nih.gov/pubmed/16791762
https://www.doi.org/10.1016/j.critrevonc.2015.11.007
http://www.ncbi.nlm.nih.gov/pubmed/26643524
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5003053
https://www.doi.org/10.1200/JCO.2018.79.2184
http://www.ncbi.nlm.nih.gov/pubmed/30403573
http://www.ncbi.nlm.nih.gov/pubmed/30403573
https://www.doi.org/10.1038/leu.2016.23
http://www.ncbi.nlm.nih.gov/pubmed/26867671
https://www.doi.org/10.1016/j.bbmt.2010.10.010
http://www.ncbi.nlm.nih.gov/pubmed/20951819
https://www.doi.org/10.10.1016/j.bbmt.2009.11.015
https://www.doi.org/10.1056/NEJMoa1408617
http://www.ncbi.nlm.nih.gov/pubmed/25426837
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4306669
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4306669
https://www.doi.org/10.1056/NEJMoa1409405
http://www.ncbi.nlm.nih.gov/pubmed/25426838
http://www.ncbi.nlm.nih.gov/pubmed/25426838
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4290021
https://www.doi.org/10.3324/haematol.2014.118299
https://www.doi.org/10.1182/blood-2010-05-282994
https://www.doi.org/10.11406/rinketsu.58.813
http://www.ncbi.nlm.nih.gov/pubmed/28781279
https://www.doi.org/10.1038/leu.2010.208
https://www.doi.org/10.1182/blood-2011-07-365979
https://www.doi.org/10.1182/blood-2002-06-1878
https://www.doi.org/10.1016/j.bbmt.2013.08.004
https://www.doi.org/10.1016/j.bbmt.2008.07.016
https://www.doi.org/10.1182/blood-2015-03-631747
http://www.ncbi.nlm.nih.gov/pubmed/25931582
http://www.ncbi.nlm.nih.gov/pubmed/25931582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624443
https://www.doi.org/10.1182/bloodadvances.2018020222
http://www.ncbi.nlm.nih.gov/pubmed/30482770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6258914
https://www.doi.org/10.1038/nm.3733
http://www.ncbi.nlm.nih.gov/pubmed/25326804
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4313872
https://www.doi.org/10.1182/blood-2017-06-746412
http://www.ncbi.nlm.nih.gov/pubmed/29141947
https://www.doi.org/10.1182/blood-2013-01-481135
http://www.ncbi.nlm.nih.gov/pubmed/23719303

DCL Following Allo-HSCT

| Hematol. 2023;12(3):138- 1 44

31.

32.

33.

34.

35.

36.

37.

38.

39.

144

Cell. 2017;168(5):944-945. doi pubmed pmc

Engel N, Rovo A, Badoglio M, Labopin M, Basak GW,
Beguin Y, Guyotat D, et al. European experience and risk
factor analysis of donor cell-derived leukaemias/MDS
following haematopoietic cell transplantation. Leukemia.
2019;33(2):508-517. doi pubmed

Owen C, Barnett M, Fitzgibbon J. Familial myelodyspla-
sia and acute myeloid leukaemia - a review. Br J Haema-
tol. 2008;140(2):123-132. doi pubmed

Au WY, Chan EC, Siu LL, Lau TC, Lie AK, Ma SK,
Kwong YL. Leukaemic relapse of donor origin after al-
logeneic bone marrow transplantation from a donor who
later developed bronchogenic carcinoma. Br J Haematol.
2002;119(3):777-780. doi pubmed

Birch JM, Alston RD, McNally RJ, Evans DG, Kelsey
AM, Harris M, Eden OB, et al. Relative frequency and
morphology of cancers in carriers of germline TP53 mu-
tations. Oncogene. 2001;20(34):4621-4628. doi pubmed
Jan M, Snyder TM, Corces-Zimmerman MR, Vyas
P, Weissman IL, Quake SR, Majeti R. Clonal evolu-
tion of preleukemic hematopoietic stem cells pre-
cedes human acute myeloid leukemia. Sci Transl Med.
2012;4(149):149ral18. doi pubmed pmc

Shlush LI, Zandi S, Mitchell A, Chen WC, Brandwein
IM, Gupta V, Kennedy JA, et al. Identification of pre-
leukaemic haematopoietic stem cells in acute leukaemia.
Nature. 2014;506(7488):328-333. doi pubmed pmc
Papaemmanuil E, Cazzola M, Boultwood J, Malcovati
L, Vyas P, Bowen D, Pellagatti A, et al. Somatic SF3B1
mutation in myelodysplasia with ring sideroblasts.
N Engl J Med. 2011;365(15):1384-1395. doi pubmed pmce
Young AL, Challen GA, Birmann BM, Druley TE. Clonal
haematopoiesis harbouring AML-associated mutations is
ubiquitous in healthy adults. Nat Commun. 2016;7:12484.
doi pubmed pmc

Welch JS, Ley TJ, Link DC, Miller CA, Larson DE,
Koboldt DC, Wartman LD, et al. The origin and evo-

Articles © The authors | Journal compilation © | Hematol and Elmer Press Inc™

40.

41.

42.

43.

44,

45.

46.

47.

lution of mutations in acute myeloid leukemia. Cell.
2012;150(2):264-278. doi pubmed pmc

Baron F, Dresse MF, Beguin Y. Transmission of chronic
myeloid leukemia through peripheral-blood stem-cell
transplantation. N Engl J Med. 2003;349(9):913-914. doi
pubmed

Berg KD, Brinster NK, Huhn KM, Goggins MG, Jones
RJ, Makary A, Murphy KM, et al. Transmission of a T-
cell lymphoma by allogeneic bone marrow transplanta-
tion. N Engl J Med. 2001;345(20):1458-1463. doi pub-
med

Niederwieser DW, Appelbaum FR, Gastl G, Gersdorf E,
Meister B, Geissler D, Tratkiewicz JA, et al. Inadvertent
transmission of a donor's acute myeloid leukemia in bone
marrow transplantation for chronic myelocytic leukemia.
N Engl J Med. 1990;322(25):1794-1796. doi pubmed
Ganuza M, Hall T, Finkelstein D, Wang YD, Chabot A,
Kang G, Bi W, et al. The global clonal complexity of the
murine blood system declines throughout life and after
serial transplantation. Blood. 2019;133(18):1927-1942.
doi pubmed pmc

Mielcarek M, Bryant E, Loken M, Zaucha JM, Torok-
Storb B, Storb R. Long-term engraftment and clonal
dominance of donor-derived del(20q) hematopoietic
cells after allogeneic stem cell transplantation. Blood.
2006;107(4):1732-1733. doi pubmed

DeZern AE, Gondek LP. Stem cell donors should be
screened for CHIP. Blood Adv. 2020;4(4):784-788. doi
pubmed pmc

Ueda M, Beppu L, Campbell J, Flowers MED, Radich JP,
Storb R. Clonal hematopoiesis in donor-recipient pairs af-
ter allogeneic hematopoietic cell transplantation. Blood.
2019;134(Supplement_1):702-702. doi pubmed

Gibson CJ, Kennedy JA, Nikiforow S, et al. Donor-
engrafted CHIP is common among stem cell trans-
plant recipients with unexplained cytopenias. Blood.
2017;130(1):91-94. doi pubmed

www.thejh.org


https://www.doi.org/10.1016/j.cell.2017.02.010
http://www.ncbi.nlm.nih.gov/pubmed/28235203
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5510238
https://www.doi.org/10.1038/s41375-018-0218-6
http://www.ncbi.nlm.nih.gov/pubmed/30050122
https://www.doi.org/10.1111/j.1365-2141.2007.06909.x
http://www.ncbi.nlm.nih.gov/pubmed/18173751
https://www.doi.org/10.1046/j.1365-2141.2002.03925.x
http://www.ncbi.nlm.nih.gov/pubmed/12437659
https://www.doi.org/10.1038/sj.onc.1204621
http://www.ncbi.nlm.nih.gov/pubmed/11498785
https://www.doi.org/10.1126/scitranslmed.3004315
http://www.ncbi.nlm.nih.gov/pubmed/22932223
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4045621
https://www.doi.org/10.1038/nature13038
http://www.ncbi.nlm.nih.gov/pubmed/24522528
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4991939
https://www.doi.org/10.1056/NEJMoa1103283
http://www.ncbi.nlm.nih.gov/pubmed/21995386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3322589
https://www.doi.org/10.1038/ncomms12484
https://www.doi.org/10.1038/ncomms12484
http://www.ncbi.nlm.nih.gov/pubmed/27546487
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4996934
https://www.doi.org/10.1016/j.cell.2012.06.023
http://www.ncbi.nlm.nih.gov/pubmed/22817890
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3407563
https://www.doi.org/10.1056/NEJM200308283490921
http://www.ncbi.nlm.nih.gov/pubmed/12944584
http://www.ncbi.nlm.nih.gov/pubmed/12944584
https://www.doi.org/10.1056/NEJMoa010041
http://www.ncbi.nlm.nih.gov/pubmed/11794194
http://www.ncbi.nlm.nih.gov/pubmed/11794194
https://www.doi.org/10.1056/NEJM199006213222507
http://www.ncbi.nlm.nih.gov/pubmed/2189070
https://www.doi.org/10.1182/blood-2018-09-873059
https://www.doi.org/10.1182/blood-2018-09-873059
http://www.ncbi.nlm.nih.gov/pubmed/30782612
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6497513
https://www.doi.org/10.1182/blood-2005-09-3781
http://www.ncbi.nlm.nih.gov/pubmed/16461763
https://www.doi.org/10.1182/bloodadvances.2019000394
http://www.ncbi.nlm.nih.gov/pubmed/32097458
http://www.ncbi.nlm.nih.gov/pubmed/32097458
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7042978
https://www.doi.org/10.1182/blood-2019-126979
http://www.ncbi.nlm.nih.gov/pubmed/12198664
https://www.doi.org/10.1182/blood-2017-01-764951
http://www.ncbi.nlm.nih.gov/pubmed/18489996

