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Is There any Relationship Between the Repeated
Complications of Sickle Cell Disease and the Potential
Development of Acute Leukemia?
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ABSTRACT

Sickle cell disease (SCD) is a severe monogenic
hereditary hemoglobinopathy that is charac-
terized by repeated clinical and biological
manifestations able to generate stress ery-
thopoiesis. A clonal hematopoiesis involving
mainly variants of TP53, DNMT3A, ASXL1, and/
or TET2 may be more prevalent in patients with
SCD, suggesting that mutations in these genes
may lead to an increased risk of leukemia. An
increased prevalence of leukemia in patients
with SCD has been confirmed by an increasing
number of acute myeloid leukemia cases with
myelodysplastic features reported in this patient

population even in the absence of disease-
modifying treatments. This leads to the
hypothesis of a mechanism involving multi-
factorial causes through the pathophysiologic
manifestations of SCD, in which cells are
undergoing constant hematopoietic hyper-
plasia, inducing genomic damage and somatic
mutations.
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Key Summary Points

Clinical manifestations occurring among
patients with sickle cell disease (SCD) are
known to generate stress erythropoiesis,
which may have, via a higher cell
turnover, an impact on the quality of
bone marrow hematopoietic stem cells
(HSC) and progenitor cells and promote
mutations and clonal hematopoiesis.

The probability to develop clonal
hematopoiesis in SCD, leading to a higher
risk of malignant cell development,
increases with the repetition of crises and
therefore with patient age.

The risk of myeloid malignancies in the
SCD patient population is believed to be
five- to ten-folds higher than that in the
general population, confirmed by the
occurrence of acute leukemia in many
cases, with a high proportion of patients
displaying genetic markers and clinical
features of underlying myelodysplastic
syndrome, tending to present some SCD
subsets as potential pre-leukemic diseases.

Sickle cell anemia is an autosomal recessive
disorder involving sickle hemoglobin (HbS). It is
one of the most common and severe mono-
genic diseases worldwide [1, 2], and is the result
of the replacement of a glutamine acid residue
by valine. It is well known that the substitution
of a single amino acid can alter the function of a
gene product sufficiently to produce widespread
clinical effects [3]. The homozygous state (SS
disease) is the most severe of sickle cell diseases
(SCD), with hemoglobin (Hb) SC disease and
sickle cell b thalassemia (Sb?or Sb0) tending to
be somewhat milder, and Hb SC disease being
the mildest of the group.

Wide variation in the severity of clinical
manifestations occurs among patients with SCD
due to the influence of various factors includ-
ing, in addition to the nature of the Hb, the
activity of red cell enzymes and levels of

metabolites. Many patients with SCD do
achieve a steady-state level of fitness, but this
state is periodically interrupted by crises,
including pain events, stroke, and organ dam-
age, which may have potentially a fatal out-
come. Infarctive crises are the most common of
such crises and the hallmark of patients with
SCD. They result from the polymerization of
HbS under hypoxic conditions, which exacer-
bates sickle red blood cell rigidity and poor
deformability, shortening red cell survival and
increasing erythropoietic turnover. Among
other types of crises, aplastic and megaloblastic
crises are generally associated with infections
observed in the context of a deficiency of folic
acid; sequestration crises can occur particularly
in children and adults with splenomegaly. The
red cell lifespan is shortened in all SCD. An
increased rate of hemolysis can be observed in
hemolytic crises, leading to falling Hb level and
an elevated reticulocyte count [2].

All of these clinical manifestations are
known to generate stress erythropoiesis, which
results from the short lifespan of erythrocytes
and ineffective erythropoiesis from the apop-
tosis of erythroid precursors. Chronic stress
erythropoiesis and the activation of inflamma-
tory mediators may have an impact on the
quality of the bone marrow hematopoietic stem
cells (HSCs) and progenitor cells [4, 5]. In SCD,
the marrow generally shows erythroid hyper-
plasia, with a higher cell turnover potentially
promoting mutations that in turn lead to a
higher risk of malignant cell development.
Studies have demonstrated increased propor-
tions of bone marrow CD34?CD38- cells co-
expressing glycophorin A compared to normal
progenitor cells in SCD [6, 7], with the authors
of one of these studies also observing a deple-
tion of megakaryocyte-erythroid progenitors
and an increase in HSCs in SCD patients com-
pared to controls [7]. Red blood cell transfusions
can also lead to increased iron levels and non-
specific immunomodulation that could increase
the risk of malignancy. Chronic inflammation
may increase the proliferation rate of HSCs,
resulting in accelerated clonal hematopoiesis
[8]. Inflammation can cause chronic organ
damage and generate cellular defects with sub-
sequent malignant transformation. In this
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setting, inflammasomes behave as pro-tumori-
genic agents associated with the promotion of
cell proliferation, inhibition of apoptosis, and
an immunosuppressive effect on the immune
cells [9]. Constant hematopoietic hyperplasia,
stimulated by a hemolysis-induced cytokine
storm, may also increase the risk of somatic
mutations, resulting in a potential transforma-
tion of myeloid precursors [10].

We can therefore hypothesize that clonal
hematopoiesis can be more common and can
occur earlier in patients with SCD due to
accelerated biological aging of the hematopoi-
etic system, as compared to the general popu-
lation. Although for most people the
consequences of clonal hematopoiesis are min-
imal, the accumulation of multiple genetic
abnormalities over years, due to a high degree of
proliferative activity of bone marrow cells, may
be theoretically responsible for an increased risk
of hematologic malignancy. Furthermore, this
high risk of clonal hematopoiesis could be
strengthened by SCD treatment that could
incite mutant clones to expand and potentially
transform as a result. Although the leukemic
risk of hydroxyurea (HU), which remains a
therapeutic mainstay in the treatment of SCD,
has never been confirmed in large series of
patients [11–13] and has not been associated
with an increased risk of clonal hematopoiesis
[14], the potential risk following a conditioning
regimen for HSC transplantation remains more
questionable. There is a real possibility that the
medley of high-risk clonal hematopoiesis and
HSC transplantation incites mutant clones to
expand and subsequently transform [15].

It can also be hypothesized that the proba-
bility of individuals with SCD developing clonal
hematopoiesis increases with the repetition of
crises and therefore with patient age (Fig. 1),
possibly resulting from increased patient sur-
vival. In high-income countries, improved
newborn screening has resulted in an important
decrease in childhood mortality [2]. Further-
more, antibiotic prophylaxis and effective
therapy with HU have led to large gains in life
expectancy over the last decades [16–18]. A
potential increase in clonal hematopoiesis
should therefore be observed in the years to
come in high-income countries, but also in low-

income countries where significant improve-
ments in the management of SCD are expected.

The documented development of malignan-
cies in pediatric and adult patients with SCD
tend to confirm our assumptions. The risk of
myeloid malignancies in patients with SCD has
not been well studied, but is believed to be five-
to ten-fold higher than that in the general
population [4, 19, 20]. This risk is potentially as
high as in patients with recognized leukemia
predisposition syndromes, including many
bone marrow disorders. Since the first descrip-
tion of SCD coexisting with acute myeloid leu-
kemia (AML) [21], the occurrence of acute
leukemia has been reported in many cases,
confirming the increased risk of leukemia in
individuals with SCD [22]. While a coincidental
event between acute leukemia and SCD could
be evocated in some of these cases, a high pro-
portion of the patients presented with complex
structural rearrangements that involved com-
plete or partial loss of chromosome 5 and/or
chromosome 7, 17p deletions, 11q23, and/or
chromosome 3 abnormalities, and/or molecular
abnormalities associated with a poor prognosis
(mutations in TP53, KMT2A, RAS, RUNX1,
PTPN11). The presence of these significant
underlying myelodysplastic syndrome (MDS)
features, comparable to those associated with
therapy-related myeloid neoplasms, was abnor-
mally high in the SCD patients compared to
leukemia patients of the same age from the
general population. These findings suggest that
a clonal hematopoiesis may be more prevalent
in patients with SCD and may expand prior to
leukemia development. Convincing evidence
comes from a series of recipients of allogeneic
HSC transplantation who developed AML after
graft failure [23]. In two reported cases, TP53
mutations were present before transplantation
and evolved within 3 years post-transplant. In
both cases, TP53 mutant clones accounted
for\ 1% of the total hematopoietic output,
supporting the notion that the nature of
mutations and biological context, rather than
clone size, determines the oncologic potential
of clonal hematopoiesis.

Clonal hematopoiesis refers to the presence
of clonal molecular genetic changes in blood or
bone marrow cells in the absence of signs of
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hematological neoplasm. This is a common age-
related condition, with an estimated incidence
of 10% of persons from the age of 70 years
onwards. Somatic mutation with an allelic fre-
quency of at least 2% has been primarily iden-
tified in one of the following genes: DNMT3A,
TET2, JAK2, SF3B1, ASXL1, TP53, CBL, GNB1,
BCOR, U2AF1, CREBBP, CUX1, SRSF2, MLL2
(KMT2D), SETD2, SETDB1, GNAS, PPM1D, and
BCORL1 [24]. Two recent large studies have
addressed clonal hematopoiesis in SCD [14, 25].
Despite some discrepancies between the two
studies, related to the technique used, the con-
trol cohort, and the value of low-variant allele
frequency (VAF) chosen, only \ 5% of cases
were identified as having clonal hematopoiesis,
with DNMT3A and TP53 reported as the most
commonly mutated genes. In the former study
[14] the prevalence of clonal hematopoiesis was
not found to be significantly different between

the SCD patient group and the control group,
while in the latter study [25] clonal hemato-
poiesis appeared more prevalent in individuals
with SCD. Although these two studies demon-
strated high quality, there are a number limi-
tations that deserve discussion. Study samples
were not systematically provided from patients
presenting a long past history of SCD compli-
cations. Samples could have also frequently
been drawn at the time of diagnosis, namely
during childhood or adolescence. Furthermore,
VAF clonal hematopoiesis clones may have
been undetectable by the methods used; as
such, documentation of a clonal hematopoiesis
could have been underestimated and should be
reevaluated in further studies, with a higher risk
being likely associated with patient age and in
patients with prior history of severe disease,
chronically high inflammatory markers, and/or
particular therapies. In addition to its

Fig. 1 Repetitive chronic clinical and biological manifes-
tations may lead to patients with SCD developing clonal
hematopoiesis over time that (following further hits) may
or may not evolve to clonal expansion and potentially to
malignant disease. AML Acute myeloid leukemia, BM

bone marrow, CCUS clonal cytopenia of undetermined
significance, HSC hematopoietic stem cell, ICUS idio-
pathic cytopenia of undetermined significance, IDUS
idiopathic dysplasia of undetermined significance, MDS
myelodysplastic syndrome, SCD sickle cell disease

236 Oncol Ther (2024) 12:233–238



malignant potential, clonal hematopoiesis has
also been associated with a high risk of vascular-
occlusive events, known to be especially com-
mon in SCD, through an over-expression of pro-
inflammatory cytokines and chemokines in
monocytes/macrophages with mutated
DNMT3A or TET2.

Many questions remain open about cancer risk
in patients with SCD, especially those living well
into adulthood. Although several mechanisms
potentially involved in the leukemic transforma-
tion have been discussed [15, 22, 26], somatic
mutations identified at the time of leukemia
diagnosis appear likely to be related to a lifetime
of erythropoietic stress and inflammation. New
large studies involving SCD patients tested with a
large panel of mutations frequently involved in
clonal hematopoiesis and using highly sensitive
assays are still required. It will be critical to
understand the risk of clonal hematopoiesis in
patients with SCD in order to identify patient
subsets at higher risk. This should lead to a better
understanding of this potential complication in
SCD and to an accurate prophylactic manage-
ment in patients at risk. Screening for clonal
hematopoiesis should be addressed in order to
optimize therapeutic strategies in SCD as such
screening can notably reduce the risks associated
with stem cell and gene therapies. A strategy of
testing for high-risk clonal hematopoiesis prior to
therapeutic intervention and subsequently defer-
ring gene therapy if a high risk is found might
abrogate the risk of leukemic transformation.
Further studies should also specify the impact of
current therapies. In a recent study, HU treatment
appeared to be effective in normalizing the
observed concentration of CD34? cells and of all
HSCs and therefore decrease premature aging and
potentially hematologic malignancy risk com-
pared to the other therapeutic modalities [7]. The
demonstration of clonal hematopoiesis favored
by aging, severe disease, repeated crises, and
chronic inflammation should lead healthcare
professionals to consider some subsets of SCD as
potential pre-leukemic diseases.
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