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Highlights

What are the main findings?

e  Sickle cell disease and cancer predisposition syndrome share some similarities.

. Nevertheless, differences are substantial, with the main one being the lower relative
risk of malignancy in individuals with sickle cell disease than in those with cancer
predisposition syndrome.

What are the implication of the main findings?

° Absolute risk of malignancy is low in individuals with sickle cell disease, but clinicians
should be aware of this rare event.

e  The specificities of sickle cell disease regarding the risk of malignancy should
be considered.

Abstract

Among the many complications that can occur in individuals with sickle cell disease (SCD),
several studies have suspected an increased risk of cancer. While the effect of SCD on
solid tumors remains unclear, multiple studies support a higher incidence of leukemia,
especially acute myeloid leukemia (AML). This risk seems to appear in childhood and
persist throughout life. Based on these features, should SCD be considered a cancer
predisposition syndrome? Here, we explore this question by comparing the characteristics
of SCD-associated AML and cancer predisposition syndromes. We show that some features
are similar. As in cancer predisposition syndrome, increased cancer risk in SCD appears
to be restricted to a defined type of malignancy. SCD-associated AML also has molecular
specificities reminiscent of therapy-related AML. Many of the mechanisms contributing to
SCD-associated leukemogenesis have been reported in cancer predisposition syndromes,
including ineffective erythropoiesis, increased cell renewal, chronic inflammation, and
oxidative stress. Nevertheless, SCD presents a unique combination of factors, and their
magnitude may greatly vary from one individual to another. Strikingly, the relative risk
of cancer in SCD is much lower than most cancer predisposition syndromes and closer to
those conferred by common variations. This is a major difference, and indeed, the absolute
risk of malignancy in individuals with SCD appears to be low. Moreover, SCD has great
clinical variability, and the factors influencing AML risk are unclear. In sum, SCD has
many specificities compared to cancer predisposition syndromes that should be considered
and investigated. Clinicians should be aware of the increased risk of AML in patients’
management and counseling.
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1. Introduction

Sickle cell disease (SCD) is a hereditary hemoglobinopathy characterized by chronic
hemolysis, vaso-occlusion, and multisystem complications. Beyond its well-established
clinical manifestations, SCD is increasingly recognized as a condition associated with
alterations in hematopoiesis and immune function [1-3].

Over the past decade, accumulating epidemiological and clinical evidence has sug-
gested a potential association between SCD and an increased risk of malignancies, particu-
larly hematological cancers such as acute myeloid leukemia (AML) [4,5]. Earlier reports
first raised the possibility of an association between SCD and malignancy [6]. This observa-
tion was initially unexpected, as SCD has traditionally been conceptualized as a disorder
primarily affecting mature red blood cells rather than hematopoietic stem and progenitor
cells [3].

Recent advances in the understanding of SCD pathophysiology, including chronic
inflammation, oxidative stress, ineffective erythropoiesis, and clonal hematopoiesis (CH),
have provided a biological framework supporting a potential role for SCD in carcinogen-
esis [3,7,8]. In our previous work, we reviewed these mechanisms and highlighted the
emerging oncogenic landscape associated with SCD [9].

However, whether SCD should be conceptualized as a cancer predisposition syndrome
remains an open and insufficiently addressed question. Cancer predisposition syndromes
are defined by a set of clinical and biological features, including early age at cancer onset,
characteristic tumor spectra, specific underlying mechanisms, and a significantly increased
lifetime risk of malignancy.

SCD encompasses a group of genotypes, including homozygous hemoglobin S (HbSS)
and compound heterozygous forms such as HbSC and HbS/ 3-thalassemia, which may
differ in clinical severity. In the present work, we primarily refer to the more severe HbSS
genotype, as most available data on cancer risk have been generated in this population.

In the present study, we aim to address this question using a structured, criteria-based
approach. By systematically comparing SCD with established cancer predisposition syn-
dromes across epidemiological, clinical, and biological dimensions, we seek to determine
to what extent SCD fulfills the defining features of a cancer predisposition syndrome, and
to better position SCD within the broader landscape of cancer susceptibility.

2. Cancer Predisposition Syndromes: Conceptual Framework for
Cancer Risk

Cancer predisposition syndromes are constitutional genetic conditions caused by
germline pathogenic variants that increase an individual’s lifetime risk of malignancy [1-4].
Although there is no dedicated classification, approximately 100 cancer predisposition
syndromes have been described [5,7]. Many of these conditions are autosomal dominant
and caused by heterozygous (monoallelic) pathogenic variants (e.g., Neurofibromatosis
type 1). A malignancy can develop when additional variants occur, frequently in the
same gene as the one carrying the germline variant, but not exclusively. Other cancer
predisposition syndromes are autosomal recessive diseases due to biallelic variants (e.g.,
Ataxia-Telangiectasia). Although identified for a long time in families with a strong history
of malignancies, the contribution of cancer predisposition syndromes to sporadic malignan-
cies is increasingly recognized. The recent expansion in the use of germline sequencing in
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pediatric oncology has revealed that approximately 8-10% of children with cancer harbor
pathogenic variants in known cancer predisposition genes, highlighting the substantial
contribution of inherited susceptibility to pediatric malignancies [1]. There are no universal
criteria to define cancer predisposition syndromes, although some specific cancer predis-
position syndromes have their own criteria, such as Li-Fraumeni syndrome. Most cancer
predisposition syndromes share similar features described below.

2.1. Age at First Malignancy

One of the defining clinical characteristics of cancer predisposition syndromes is the
early age at cancer onset compared with the general population. Often leading to cancers
occurring in childhood, adolescence, or early adulthood [1-4].

Because the genetic defect is present in all cells from birth, tumorigenesis may occur
earlier than in sporadic cancers, in which multiple somatic mutations must accumulate over
time according to the “second hit” framework. Several cancer predisposition syndromes
illustrate this early onset pattern. For example, Fanconi anemia, a disorder of DNA repair,
is associated with bone marrow failure and an increased risk of AML, typically arising in
childhood or adolescence [8].

Cancers in Fanconi anemia occur at much younger ages than in the general population.
The peak hazard rate for severe bone marrow failure was 5% per year at age 6.7 years, after
which the annual hazard declined substantially. Conversely, the hazard for AML rose after
age 10 and then plateaued in the 20- and 30-year-old patients. The hazard for solid tumors
increased after age 10 in a more than linear manner, exceeding 10% per year by age 40 [10].

Similarly, Down syndrome predisposes to acute leukemias in early childhood, particu-
larly acute megakaryoblastic leukemia [11]. In contrast, syndromes such as Li-Fraumeni
syndrome, caused by germline variants in TP53, may present with a broad range of ma-
lignancies beginning in childhood but continuing into young adulthood [12,13]. A large
international cohort study including more than 3000 individuals carrying germline TP53
variants demonstrated substantial heterogeneity in age at cancer onset in Li-Fraumeni
syndrome. While individuals fulfilling classical clinical criteria more frequently developed
early-onset tumors such as sarcomas, brain tumors, and adrenocortical carcinomas, approx-
imately 45% of cancers in carriers with attenuated phenotypes occurred after the age of
45 years, supporting the concept of a broader “Li-Fraumeni spectrum” [14].

Recognition of unusually early cancer onset is therefore an important clinical clue
suggesting the presence of an underlying cancer predisposition syndrome.

2.2. Cancer Spectrum

Another defining feature of cancer predisposition syndromes is the presence of a
characteristic spectrum of malignancies, which often reflects the biological pathway dis-
rupted by the underlying germline mutation. Cancer predisposition syndromes represent
a heterogeneous group of disorders that may predispose predominantly to hematologic
malignancies, solid tumors, or a combination of both.

Several cancer predisposition syndromes are primarily associated with an increased risk
of myeloid neoplasms and bone marrow failure-related malignancies. These include Fanconi
anemia, Shwachman-Diamond syndrome, dyskeratosis congenita, and trisomy 21, all of
which confer a predisposition to myelodysplastic syndromes (MDS) and acute leukemias,
particularly AML or specific leukemia subtypes such as acute megakaryoblastic leukemia in
Down syndrome [15-17]. In these disorders, the cancer spectrum is closely linked to chronic
hematopoietic stress, genomic instability, or impaired stem cell maintenance.

Other cancer predisposition syndromes are characterized by a broader tumor spec-
trum involving both hematologic and solid malignancies. Constitutional mismatch repair
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deficiency (CMMRD) is notable for its early onset and wide range of cancers, including
high-grade brain tumors, lymphoid malignancies, and gastrointestinal cancers, often oc-
curring as multiple synchronous or metachronous tumors [18]. Similarly, Li-Fraumeni
syndrome is associated with a remarkably diverse tumor spectrum encompassing sarcomas,
early-onset breast cancer, brain tumors, adrenocortical carcinoma, and leukemias [12-14].

In contrast, some cancer predisposition syndromes predispose predominantly to tu-
mors arising in specific tissues or developmental lineages. For example, neurofibromatosis
type 1 is characterized by an increased risk of tumors of neural origin, including optic path-
way gliomas and malignant peripheral nerve sheath tumors, as well as certain hematologic
malignancies such as juvenile myelomonocytic leukemia [19,20].

Several cancer predisposition syndromes exhibit age-dependent shifts in tumor spec-
trum, with hematologic malignancies often occurring earlier in life and epithelial solid
tumors emerging later, as illustrated in Fanconi anemia and telomere biology disorders.
Overall, these characteristic patterns of malignancy reflect the molecular pathways altered
in each syndrome.

2.3. Underlying Biological Mechanisms

At the molecular level, many cancer predisposition syndromes arise from germline
alterations in genes that are critical for maintaining genomic stability and regulating cellular
proliferation [21]. These include tumor suppressor genes, DNA repair genes, cell-cycle
regulators, and pathways involved in telomere maintenance.

Defects in DNA repair pathways represent one of the most prominent mechanisms
underlying cancer predisposition syndromes. Fanconi anemia, for example, results from
mutations in genes involved in the Fanconi DNA repair pathway, leading to chromoso-
mal instability and hypersensitivity to DNA crosslinking agents [8]. Similarly, ataxia—
telangiectasia, caused by pathogenic variants in the ATM gene, disrupts the DNA damage
response and predisposes to lymphoid malignancies [22].

Other cancer predisposition syndromes arise from abnormalities in telomere mainte-
nance, as seen in dyskeratosis congenita, a disorder characterized by defective telomere
biology and an increased risk of bone marrow failure, MDS, AML, and squamous cell
carcinomas [23]. In contrast, syndromes such as Li-Fraumeni syndrome involve germline
alterations in key tumor suppressor pathways, particularly TP53, leading to impaired cellu-
lar responses to DNA damage and increased susceptibility to multiple malignancies [12,13].
Other cancer predisposition syndromes are inborn errors of immunity, and the increased
risk of malignancy is due to defective immunosurveillance. Most malignancies in these
conditions are hematological malignancies, especially lymphoma [24,25].

Despite their diversity, many cancer predisposition syndromes share common biolog-
ical consequences, including genomic instability, impaired DNA damage response, and
increased cellular stress, all of which promote malignant transformation.

2.4. Absolute and Relative Cancer Risks

Cancer predisposition syndromes are also characterized by substantially increased can-
cer risks compared with the general population, which may be quantified using cumulative
incidence estimates or standardized incidence ratios.

Fanconi anemia is associated with an extremely high risk of hematologic malignancies,
with a relative risk estimated at approximately 700-fold for AML and more than 6000-fold
for MDS, and a cumulative incidence of AML approaching 15-20% by early adulthood [10].
Similarly, ataxia—telangiectasia carries a markedly increased cancer risk, particularly for
lymphoid malignancies, with a standardized incidence ratio of approximately 50-60 for
childhood cancers [22].
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Disorders of telomere biology, such as dyskeratosis congenita, are associated with a
cumulative cancer risk approaching 50% by age 50, primarily involving MDS, AML, and
squamous cell carcinomas [23]. Among tumor-predisposition syndromes, Li-Fraumeni
syndrome confers one of the highest known cancer risks, with an estimated 50% probability
of cancer by age 30 and up to 70-90% over a lifetime [12,13]. In contrast, Down syndrome is
associated with a 10-20-fold increased risk of leukemia, particularly acute megakaryoblastic
leukemia in childhood [11].

Together, these observations highlight the wide spectrum of cancer susceptibility
associated with cancer predisposition syndromes, ranging from moderate increases in risk
to extremely high relative risks.

3. Polygenic Contribution to Cancer Risk

In addition to cancer predisposition syndromes, which are due to rare, large-effect
variants, common variants can also increase the risk of malignancies. Common variants
(i.e., single-nucleotide polymorphisms) are defined as having a minor allele frequency >5%
and usually have low individual effects. However, as one individual may carry many SNPs
associated with an outcome, their cumulative effects can be substantial and are represented
by polygenic scores, which sum the effect of all SNPs carried by an individual. Polygenic
scores for several malignancies have been developed, including for lung cancer [26], breast
cancer [27], prostate cancer, and leukemia [28]. Individuals with a high polygenic score
may carry a markedly increased risk of cancer. For example, individuals within the top
10% decile of a polygenic score for lung cancer carry an increased risk of 1.96-2.38 [29].
Despite not being routinely used in clinical practice, these scores could help refine screening
approaches, such as the starting age of breast screening [30].

4. Clinical Signals of Cancer Predisposition in SCD
4.1. Hematological Malignancies and Clonal Hematopoiesis

The strongest signal linking SCD to cancer predisposition concerns hematological malignancies.

Epidemiological studies report an increased incidence of acute leukemias, particularly
AML, with standardized incidence ratios ranging from ~3.5 to 10 in large population-based
studies [6,31-33], and an occurrence at younger ages compared to the general population,
with risk increasing from adolescence (around age 15). Early reports, including Schultz
et al. [6], first suggested a possible association between SCD and malignancy, which has
since been supported by larger cohort studies.

Clinical series further suggest that SCD-associated AML displays distinctive features:

- Frequent association with MDS, with approximately 50% of MDS/AML cases arising
from preexisting MDS

- Enrichment in high-risk cytogenetic abnormalities (—7, —5, complex karyotypes, TP53
mutations, 1123 or KMT2A rearrangements)

- Poor overall prognosis, with median survival reported around 7 months in case se-
ries [9]. These observations are consistent with prior reports suggesting that myeloid
neoplasms arising in patients with SCD may reflect intrinsic disease-related mecha-
nisms rather than a coincidental association [34].

- Inaddition, recent studies and reviews have further highlighted the potential contribu-
tion of chronic SCD-related complications to leukemogenesis, supporting a multifacto-
rial process involving sustained hematopoietic stress and genomic instability [35,36].

Clonal hematopoiesis has also been identified in SCD patients, sometimes at unex-
pectedly young ages and involving high-risk mutations such as TP53. These findings
support the existence of early genomic instability in the hematopoietic compartment, pos-
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sibly contributing to leukemogenesis independently of disease-modifying therapies like
hydroxyurea or hematopoietic stem cell transplantation.

4.2. Solid Tumors

Data on solid tumors in SCD are less consistent.
Current studies report:

e  No significant increase or even reduced incidence of solid tumors (32% lower risk in
the California cohort) [33]

e Increased risk in selected cohorts, with some studies reporting higher rates of lym-
phoma and certain solid tumors [32]

Thus, there is currently no clear and consistent solid tumor signature in SCD.

4.3. Mechanisms Contributing to Leukemogenesis in SCD

Several biological mechanisms may contribute to the increased risk of malignancy
observed in individuals with SCD. Current evidence suggests that chronic inflammation,
oxidative stress, hematopoietic stress, premature biological aging, immune dysregula-
tion, and clonal hematopoiesis may collectively create a microenvironment favorable to
malignant transformation.

Chronic inflammation results from persistent hemolysis, endothelial activation, and
recurrent ischemia-reperfusion injury. Patients with SCD exhibit elevated levels of in-
flammatory cytokines and activation of several immune and vascular cell types, including
neutrophils, monocytes, platelets, and endothelial cells [37,38]. Hemolysis also releases
erythrocyte components, such as hemoglobin S, which act as damage-associated molec-
ular patterns and can activate innate immune pathways, including TLR4 signaling [39].
Persistent inflammatory signaling may promote DNA damage and genomic instability,
key events in carcinogenesis [40]. In parallel, SCD is characterized by chronic oxidative
stress, with increased production of reactive oxygen species (ROS) and elevated markers
of lipid peroxidation such as malondialdehyde [41,42]. ROS can induce DNA damage,
alter signaling pathways controlling proliferation and apoptosis, and modify the tumor
microenvironment, thereby contributing to malignant transformation [43,44].

Another important factor is the intense hematopoietic stress associated with chronic
hemolysis. Continuous destruction of red blood cells leads to bone marrow hyperplasia
and sustained activation of hematopoietic stem and progenitor cells (HSPCs). Repeated
exit of HSPCs from quiescence may increase replication-associated DNA damage [45].
Despite this hyperproliferative state, SCD is also associated with ineffective erythropoiesis,
partly due to hemolysis of erythroid precursors in the bone marrow and inflammatory
dysregulation of erythropoiesis [46]. Ineffective erythropoiesis and local inflammatory
signals may create selective pressures favoring the expansion of hematopoietic clones
carrying somatic mutations [47,48].

SCD has also been associated with features of accelerated biological aging. Chronic
inflammation, oxidative stress, and sustained hematopoietic turnover may promote prema-
ture cellular senescence and exhaustion of the hematopoietic compartment [49]. Several
markers of accelerated aging have been described in SCD, including telomere shortening
and epigenetic aging signatures [50,51]. Aging of hematopoietic stem cells can impair
DNA repair mechanisms and promote clonal selection, thereby increasing susceptibility to
malignant transformation [52].

Alterations in immune surveillance may further contribute to cancer risk. Functional
asplenia impairs the clearance of abnormal circulating cells and affects both humoral
and cellular immune responses [53]. In addition, abnormalities affecting T cells, natural
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killer cells, and regulatory T cells have been reported [54,55], and recent work suggests that
SCD-associated chromatin changes in CD8* T cells may suppress anti-tumor immunity [56].
Finally, clonal hematopoiesis may represent a mechanistic link between chronic
hematopoietic stress and leukemogenesis. Clonal hematopoiesis arises from the expansion
of hematopoietic clones carrying somatic mutations in genes frequently associated with
myeloid malignancies, such as DNMT3A, TET2, ASXL1, and TP53 [57,58]. Several studies
support the early occurrence of clonal hematopoiesis in individuals with SCD [59-62]

5. Should Sickle Cell Disease Be Considered a Cancer
Predisposition Syndrome?

SCD harbors several features typically associated with cancer predisposition syn-
dromes (Table 1). First, a reproducible epidemiological signal for leukemia has been
reported across large population-based studies. Individuals with SCD show a consistently
increased risk of acute leukemias, particularly AML, with increased standardized incidence
ratios in studies from the United States and the UK [32,33,63].

Table 1. Comparative features of cancer predisposition syndromes and sickle cell disease.

Feature

Cancer Predisposition Syndromes Sickle Cell Disease

Age at first cancer

Often childhood or early adulthood due to constitutional
genetic defects.
Age at onset varies by syndrome, ranging from infancy (e.g.,
Down syndrome-associated leukemia) to adulthood (e.g.,
telomere biology disorders).

Malignancies reported mainly in adolescence or young
adulthood; cancers in early childhood are uncommon.

Cancer spectrum

Predisposition to hematologic malignancies:

. Fanconi anemia: AML
. CMMRD: T-NHL, T-ALL, AML, high-grade gliomas and

Gl cancers
. Schwachman-Diamond syndrome: MDS followed by

AML Reported cancers are predominantly hematologic,
. Dyskeratosis congenita: MDS, leukemia particularly AML and MDS, enriched in high-risk
. Down syndrome (T21): AML and ALL cytogenetic or molecular abnormalities, including
Predisposition to solid tumors: =7/ d§1(7q), -5/ Fiel(Sq), complex karyotypes, and

. . mutations involving genes such as TP53 or KMT2A.

. Li-Fraumeni syndrome: breast cancer, sarcoma, Solid tumors have occasionally been described.

osteosarcoma, brain tumor, adrenocortical carcinoma,
low hypodiploid B-ALL, MDS/AML

. Neurofibromatosis type 1: JMML, rhabdomyosarcoma,
malignant peripheral nerve sheath tumor (MPNST),
optic pathway glioma

. Beckwith-Wiedemann syndrome

Underlying biological mechanisms

N li di iti .P d
Germline alterations affecting key pathways involved in © BETHL Ine farce predisposition gene. Tropose

- . : mechanisms include:

genome maintenance and cellular proliferation: hronicingl ;

. . . . chronic inflammation
° DNA repair defects: Fanconi anemia . . hematopoietic stress from chronic hemolysis
. DNA damage response: Ataxia—telangiectasia . clonal hematopoiesis
. Telomere biology disorders: Dyskeratosis congenita . accumulated genomic damage in hematopoietic
. Tumor suppressor pathways: TP53 in Li-Fraumeni stem cells

syndrome

Very-high-risk syndromes:
. Fanconi anemia: AML risk ~700x, MDS risk >6000 x

. Li—Fraumeni syndrome: lifetime cancer risk 70-90%
Relative cancer risk High-risk syndromes: Moderately increased risk of malignancy, particularly for
. Ataxia-telangiectasia: overall cancer SIR ~50-60 myeloid neoplasms
. Dyskeratosis congenita: ~50% lifetime cancer risk
Moderate-risk syndromes:
. Down syndrome: 10-20x increased leukemia risk
Secondary cancer susceptibility related to chronic disease
Nature of predisposition Inherited germline variants in cancer predisposition genes biology rather than a classical cancer predisposition

syndrome

Second, malignancies appear to occur at an earlier age. Leukemias reported in in-
dividuals with SCD frequently arise during adolescence or early adulthood, which is
substantially earlier than the typical age of onset observed in the general population [64].
Studies of clonal hematopoiesis also support this earlier age of onset.
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Third, clinical series suggest that leukemias arising in the context of SCD may display
distinctive biological features. SCD-associated AML often develops from pre-existing
myelodysplastic syndromes and is enriched in high-risk cytogenetic or molecular abnor-
malities, including —7/del(7q), —5/del(5q), complex karyotypes, and mutations involving
genes such as TP53 or KMT2A.

Finally, several biological mechanisms plausibly support a role for SCD in leukemoge-
nesis. Although it is not a cancer predisposition syndrome caused by germline mutations
in tumor suppressor or DNA repair genes, multiple biological mechanisms disrupted in
SCD overlap with those observed in inherited cancer predisposition syndromes. Chronic
hemolysis, ongoing inflammation, and recurrent microvascular ischemia in SCD induce
hematopoietic stress and increased stem cell turnover, promoting clonal hematopoiesis,
which is also a hallmark of bone marrow failure syndromes such as Fanconi anemia,
Shwachman-Diamond syndrome, and dyskeratosis congenita. Furthermore, oxidative
stress and repeated DNA damage in SCD generate genomic instability, echoing the defects
in DNA repair pathways characteristic of Fanconi anemia, CMMRD, and Li-Fraumeni
syndrome. Accelerated telomere attrition and premature hematopoietic aging, observed in
SCD, parallel the mechanisms driving leukemogenesis in telomere biology disorders. Fi-
nally, persistent inflammatory signaling in SCD alters the bone marrow microenvironment
and may favor clonal expansion, a feature shared with certain cancer predisposition syn-
dromes, including NF1 and CMMRD. Collectively, these overlapping mechanisms suggest
that, although the initiating lesions differ, SCD creates a hematopoietic milieu conducive to
leukemogenesis similar to that seen in classical cancer predisposition syndromes [9,59,65].

Emerging data suggest that sickle cell trait may also be associated with a modest
and heterogeneous cancer risk, particularly for specific malignancies such as renal cancer,
although findings remain inconsistent [66]. This observation supports the hypothesis of a
continuum of cancer susceptibility related to hemoglobin S rather than a binary distinction
between health and disease.

However, significant differences with cancer predisposition syndromes must be ac-
knowledged. Perhaps most important, the magnitude of cancer risk in SCD appears lower
than that of most cancer predisposition syndromes. In contrast to high-penetrance syn-
dromes such as Li-Fraumeni syndrome, in which lifetime cancer risk may exceed 70-90%,
the overall absolute cancer risk associated with SCD is substantially lower [20,21]. AML
cases remain rare in individuals with SCD. The relative risk of cancer in SCD appears to
be closer to that conferred by polygenic predisposition driven by common variations. In
addition, epidemiological data remain somewhat inconsistent across studies. Recent sys-
tematic reviews also highlight the heterogeneity of cancer risk across hemoglobinopathies,
with variable estimates depending on study design and population [67]. While large
cohorts from the USA and the UK have demonstrated an increased leukemia risk, other
cohorts, such as the Italian multicenter study reported by Origa and colleagues, did not
identify leukemia cases in smaller populations. In addition, recent real-world data from
a large North Carolina cohort reported measurable prevalence of both hematologic and
solid malignancies, but also highlighted substantial variability across populations and
study designs [33,63,64,68]. SCD has a high variability in terms of clinical severity. Some
individuals have few or no complications, while others may have multiple chronic organ
involvements. This heterogeneity is poorly understood. Whether some modifiers of cancer
risk exist in SCD remains to be investigated and may allow for refining risk prediction.

Beyond cancer incidence, SCD may also influence cancer outcomes. Several reports
suggest poorer survival in patients with SCD-associated malignancies, particularly AML,
potentially due to more aggressive disease biology, higher prevalence of adverse cytogenetic
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features, and challenges in delivering intensive therapies in the context of underlying organ
dysfunction [33].

An important distinction between SCD and classical cancer predisposition syndromes
lies in the potential impact of therapeutic interventions on cancer risk. In contrast to CPS,
where the underlying genetic defect is not modifiable, several treatments used in SCD
may alter the hematopoietic environment and thus influence leukemogenesis. On one
hand, disease-modifying therapies such as hydroxyurea or curative approaches including
hematopoietic stem cell transplantation and gene therapy may reduce chronic inflamma-
tion, hemolysis, and hematopoietic stress, potentially mitigating the biological drivers of
clonal evolution. On the other hand, these interventions involve cytotoxic exposure or
genotoxic conditioning, which may promote the emergence or expansion of pre-existing
mutated clones. This dual effect complicates the interpretation of cancer risk in SCD and
further distinguishes it from classical CPS. In this context, cases of secondary malignancies
following allogeneic transplantation have been reported, and the potential role of condi-
tioning regimens, including low-dose irradiation, in promoting malignant transformation
of pre-damaged host cells has been discussed [62,69-74]. Overall, these observations sup-
port a dynamic and treatment-modulated model of cancer risk in SCD rather than a fixed
predisposition state.

Furthermore, no clearly defined cancer spectrum has been established beyond the
predominance of AML. Data regarding solid tumors remains heterogeneous and inconclu-
sive, which limits the classification of SCD as a classical cancer predisposition syndrome.
Interpretation is also complicated by treatment-related factors. Some leukemias have been
reported following hematopoietic stem cell transplantation or gene therapy, making it
difficult to distinguish disease-related predisposition from therapy-associated leukemogen-
esis [6,69-73].

Taken together, these observations suggest that SCD may be best conceptualized as a
specific condition associated with increased risk of malignancies—especially AML—rather
than a typical cancer predisposition syndrome.

6. Conclusions

Current evidence supports an increased risk of AML beginning in childhood, with
specific features in individuals with SCD, and several mechanisms may contribute to this
risk. These characteristics are shared with many cancer predisposition syndromes. How-
ever, substantial differences exist, the main one being the much lower relative risk of cancer
in SCD than in most cancer predisposition syndromes. As such, although the absolute risk
remains unknown, SCD-associated AML remains a rare event. Although clinicians should
be aware of the increased risk of AML in individuals with SCD, this condition appears to
have significant features that distinguish it from most cancer predisposition syndromes.
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The following abbreviations are used in this manuscript:

SCD Sickle Cell Disease

AML Acute Myeloid Leukemia

HbSS Hemoglobin S

MDS Myelodysplastic Syndrome

CMMRD  Constitutional Mismatch Repair Deficiency
CH Clonal Hematopoiesis

ROS Reactive Oxygen Species
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