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ABSTRACT

Marfan syndrome (MFS) is a connective tissue disorder caused by mutations in the fibrillin-1 gene. Acute 
lymphoblastic leukemia (ALL) is the most common childhood cancer. The coexistence of MFS and ALL is rare 
and presents a unique clinical challenge. We report the case of an 8.5-year-old boy with MFS who developed 
precursor B-cell acute lymphoblastic leukemia with the ETV6-RUNX1 fusion gene. He achieved complete 
remission with initial chemotherapy. Two years later, he experienced a relapse involving the testes and cen-
tral nervous system. Subsequent treatment led to severe complications. Whole exome sequencing revealed 
multiple pathogenic variants, including a CHEK2 mutation, potentially contributing to the malignancy and 
treatment-related toxicities. This case highlights the potential role of dysregulated transforming growth factor 
β signaling in MFS contributing to leukemogenesis. The patient’s severe complications and co-occurrence 
of MFS underscore the need for personalized therapeutic strategies and comprehensive, multidisciplinary care. 
Further research is essential to improve clinical outcomes.
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INTRODUCTION

Marfan syndrome (MFS) is an autosomal dominant 
disorder affecting connective tissue, particularly influ-
encing the skeletal, ocular, and cardiovascular systems. 
It is caused by mutations in the pleiotropic gene encod-
ing the glycoprotein fibrillin-1 (FBN1), a crucial protein 
for connective tissue integrity. It occurs in approximately 
1 in 5000 individuals worldwide, affecting all ethnic 
groups equally, with both genders affected with the same 
frequency [1]. The disease is characterized by variable 
penetrance and expression across individuals and fam-
ilies. In classical cases, individuals with MFS exhibit tall 
stature (dolichostenomelia), elongated limbs, slender 

fingers (arachnodactyly), underdeveloped adipose tissue, 
and lens dislocation (ectopia lentis). Additional features 
include characteristic changes in the musculoskeletal 
system such as elongated tubular bones, hypermobility 
of joints, dilation of the aorta, an increased risk of aortic 
aneurysms and acute aortic dissections [1]. About 25% 
of MFS cases are due to de novo mutations, with occa-
sional gonadal mosaicism allowing unaffected parents to 
pass the mutation to their children. Various mutations in 
FBN1 lead to decreased FBN1 levels, affecting the struc-
ture and function of connective tissues [1].

Acute lymphoblastic leukemia (ALL) is the most 
common childhood cancer. It arises from the uncon-
trolled proliferation of lymphoid cells, mainly pre-B-cells 
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(80–85%), and less frequently T-cells (10–15%) and ma-
ture B-cells (< 5%). Precursor B-cell acute lymphoblastic 
leukemia (pre-B-ALL) represents the majority of ALL 
cases, involving over 20 subtypes influenced by genetic 
alterations such as chromosomal aneuploidy, gene rear-
rangements, and point mutations [2, 3]. These mutations 
disrupt various cellular pathways, including lymphoid 
development and cell cycle regulation. Whole exome se-
quencing (WES) has become a new tool in identifying 
these mutations by analyzing the protein-coding regions 
of the genome [4, 5].

Recent therapeutic protocols increasingly emphasize 
a personalized approach to patient management, consid-
ering individual variability in genetics, environment, and 
lifestyle factors to optimize treatment outcomes. 

This case report describes an 8.5-year-old boy diag-
nosed with MFS and pre-B-ALL, attributed to a complex 
interplay of multiple genetic mutations. It underscores 
a particularly challenging medical scenario arising from 
the convergence of a genetic disorder, an acquired malig-
nancy, and severe chemotherapy complications in a pe-
diatric patient.

CASE REPORT

An 8.5-year-old patient (with a prior diagnosis 
of MFS), who presented with high fever, weight loss and 
limb pain was diagnosed with pre-B-ALL. In clinical 
examination the boy was in quite good general condi-
tion, marfanoid body build, no enlarged lymph nodes 
or splenomegaly. Initial white blood cell (WBC) count 
was 17,000/mm³, bone marrow morphology was con-
sistent with ALL. Immunophenotype revealed CD79a+/
TdT+/CD34+/CD19+/CD22+/CD10+/CD20-/cIgM-/ 
ϰ-/λ-/CD13+, which corresponded to common ALL 

with co-expression of CD13 and partial co-expression 
of CD33. Fluorescence in situ hybridization (FISH) 
showed an ETV6/RUNX1 fusion in blastic cells. The pa-
tient was stratified to an intermediate risk group and was 
treated with the Acute Lymphoblastic Leukemia Berlin- 
Frankfurt-Münster 2009 protocol. After induction he 
obtained complete remission. Treatment complications 
included coagulation abnormalities after L-Asparaginase 
administration and prolonged pancytopenias requiring 
supportive therapy with granulocyte colony-stimulating 
factor (G-CSF) and causing prolongation of maintenance.

Two years post-diagnosis, the patient was readmitted 
due to combined testicular and central nervous system 
relapse. The central nervous system symptoms included 
a persistent headache lasting for a week and gait distur-
bances detected at neurological examination. Ultra-
sound showed an enlarged left testis (22 × 11 mm) and 
a hypoechogenic area in the right testis, with increased 
vascularization indicating disease infiltration (Figure 1). 
The left testis was surgically removed, revealing infiltra-
tion of B-cell line lymphoblastic leukemia/lymphoma 
infiltration.

The patient experienced severe therapy complications 
including polyneuropathy diagnosed as likely toxic mul-
tifocal axonal-demyelinating neuropathy and osteoporo-
sis with Th7-Th8 vertebrae height reduction. Magnetic 
resonance imaging (MRI) of the lumbar spine detected 
Th12-S3 edema suggestive of myopathy. Additional com-
plications included periodic bradycardia (around 40 beats 
per minute), mild cerebral edema without neurological 
deficits or significant pathology, mucositis, coagulation 
disorders, elevation in liver function tests, and pancy-
topenia. Lung MRI showed several millimetric nodular 
changes in both lungs and a slightly larger infiltrative 
change in the left lung hilum. Computed tomography 
(CT) confirmed single nodules in both lungs and areas 
resembling “ground glass,” likely of fungal origin. The boy 
presented with fevers; the observed changes improved on 
antifungal empiric treatment. 

The patient was also diagnosed with a double renal 
collecting system on the left side by ultrasonography 
of the retroperitoneal space and abdominal CT scan. 
Echocardiogram revealed an enlarged aortic root (Z-score  
+3.9) and ascending aorta. Chest X-ray revealed the elon-
gated aorta, extending to the sternoclavicular joints.  
An electrocardiography (ECG) indicated a first-degree 
atrioventricular block and a pronounced right bundle 
branch block (Figure 1 E). An ophthalmological exam-
ination indicated hypermetropia requiring corrective 
glasses. Throughout the year, the patient underwent 
multiple hospitalizations, required multidisciplinary care 
and repeated blood cell transfusions. Neurophysiological 
signs of multifocal motor neuropathy with axonal-demy-
elinating characteristics were observed: severe back pain 
syndrome with subsequent weakening of muscle strength, 
features of polyneuropathy (gait disturbance, numbness 

FIGURE 1. A) Left testis before surgical removal. B) Right testis with 
visible leukemic infiltration. C) Double collecting system of the left 
kidney. D) Enlargement of the aortic root and ascending aorta typi-
cal for Marfan syndrome. E) Electrocardiography recording in leads I, 
II, III showing slow electrical activity and right bundle branch block. 
F) Electroencephalography recording with spike-wave complexes
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in the area of ​​the fifth and fourth fingers of both hands, 
overall significant weakness in the upper and lower limbs, 
significant weakening of tendon reflexes in the limbs, 
very small range of active movements, disturbances in 
the functioning of the rectal sphincter). Muscular atrophy, 
especially in the distal parts of the limbs, was noted, along 
with decreased muscle tone and tendon reflexes. The ini-
tial suspicion of Guillain-Barré Syndrome was modified to 
a diagnosis of sensory-motor polyneuropathy. He required 
intensive physiotherapy. The recommendation to avoid 
neurotoxic therapy was established. Vincristine and vin-
desine were replaced with etoposide. Despite this, the pa-
tient experienced seizures leading to an epilepsy diagnosis, 
managed with clonazepam and permanent phenobarbital 
as prophylactic treatment. Episodes of seizures were con-
firmed by electroencephalography (Figure 1 F). Further 
antiseizure treatment modification was required. An MRI 
of the lumbar and sacral region revealed an inflammatory 
infiltrate with abscess formation, which was treated with 
antibiotics. Observed complications are summarized in 
Table 1.

The patient has been followed in a dedicated late- 
effects clinic and required a multi-specialist team for 
MFS, cardiac problems, epilepsy, secondary immunode-
ficiency, intestinal bacterial overgrowth, trachoma, visual 
impairment and alopecia. Regarding the cardiac domain, 
surveillance performed as part of routine cardio-oncology 
follow-up documented stable aortic root dilatation and 
conduction abnormalities (first-degree atrioventricular 
block and right bundle branch block) with intermittent si-
nus bradycardia. Extended ambulatory monitoring (24 h 
Holter ECG) confirmed these findings without additional 
clinically significant arrhythmias and did not alter man-
agement. The patient remained asymptomatic from 
the cardiac standpoint – no chest pain, syncope, cyano-

sis, or heart‑failure signs – and therefore did not receive 
antiarrhythmic medications. Ongoing management con-
sists of periodic echocardiography and ECG/ambulatory 
monitoring, with cardiology oversight coordinated within 
survivorship care.

Regarding secondary immunodeficiency, serial im-
munology demonstrated reductions below age-adjusted 
lower limits across all immunoglobulin classes (IgG, IgA, 
and IgM), consistent with chemotherapy-induced hy-
pogammaglobulinemia. The patient continues to receive 
scheduled intravenous immunoglobulin replacement with 
good tolerance. The major infectious events describes 
above an inpatient-treated pneumonia with imaging fea-
tures compatible with fungal etiology and a musculoskele-
tal abscess which occurred during documented neutrope-
nia and protocol-mandated corticosteroid exposure, and 
were interpreted as complications of therapy-induced im-
munosuppression superimposed on antibody deficiency.

Taking into account coexisting ALL and MFS, WES 
was performed in the patient. It revealed numerous ge-
netic abnormalities potentially associated with both 
the patient’s malignancy and the various complications 
experienced during treatment. Table 2 presents poten-
tially significant genetic variants that could predispose 
the patient to therapy complications, a spectrum of com-
plications, the malignancy itself, and the identified gene 
variants suggest a potential link between clinical symp-
toms and genetic alterations that are not associated with 
MFS by itself.

The last follow-up visit took place in August 2025. 
The patient remains in a stable condition without clini-
cal indications of relapse. Interval assessments have not 
revealed new abnormalities. Cardiovascular findings con-
sistent with underlying MFS persist without progression, 
and the neurological status is likewise stable. Care focuses 

TABLE 1. Overview of complications observed in the presented patient with Marfan syndrome and acute lymphoblastic leukemia with common 
terminology criteria for adverse events – toxicity grading standards [6]

System CTCAE term CTCAE grade (G1–G5)

Neurological Peripheral motor neuropathy [G3]

Neurological Seizure (epilepsy – EEG confirmed) [G2]

Neurological Peripheral sensory neuropathy [G2]

Musculoskeletal Osteoporosis (spine Th7-Th8) [G3]

Musculoskeletal Musculoskeletal and connective tissue disorder [G2]

Hematological Anemia, neutrophil count decreased, platelet count decreased [G3]/[G4]/[G4]

Cardiovascular Bradycardia (sinus bradycardia) [G1]

Cardiovascular Atrioventricular block first degree, conduction disorder (bundle branch block) [G1]/[G1]

Digestive Stomatitis (oral mucositis) [G1]

Infectious Abscess (musculoskeletal) [G3]

Infectious Oral infection – fungal [G1]

Infectious Pneumonia [G3]

Immune system Immunoglobulins decreased (pan-hypogammaglobulinemia across IgG/IgA/IgM) [G2]
CTCAE – common terminology criteria for adverse events, EEG – electroencephalography, Th – thoracic vertebra 
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on routine survivorship follow-up and vigilance for late 
effects rather than active oncologic intervention.

DISCUSSION

The described case raises two distinct questions – cancer 
predisposition and treatment-related toxicities. Evidence 
remains sparse for both, and, critically, there are no com-
parative data showing that chemotherapy complications are 
more frequent, more severe, or longer-lasting in patients 
with MFS than in peers without MFS; we therefore em-
phasize what is known and where uncertainty persists [7].

Considering cancer risk, current epidemiology does 
not allow firm conclusions about an increase in malignan-
cies among individuals with Marfan syndrome, and data 
for childhood leukemias are particularly limited. A na-
tionwide case-control analysis from Taiwan suggested 
higher overall odds of cancer in Marfan syndrome, where-
as subsequent literature consists mainly of case reports 
and small series that describe unusually early tumor on-
sets but do not control for surveillance intensity or other 
confounders. Our case does not establish causality, and 
we refrain from inferring a syndromic predisposition to 
pediatric ALL/acute myeloid leukemia (AML); at pres-
ent, intensified malignancy surveillance is not guideline- 
supported without further replication [8, 9].

There is no evidence beyond the index patient that 
MFS modifies the frequency, depth, or duration of  
chemotherapy-induced neutropenia in pediatric ALL. In 
general cohorts, grade ≥ 3 neutropenia is expected during 
intensive blocks with typical neutrophil recovery within 
weeks; whether Marfan-related alterations in extracellular 
matrix and transforming growth factor β (TGF-β) signal-
ing influence marrow-niche dynamics remains unknown. 
Absent comparative data, supportive care and dose-mod-
ification practices should follow standard pediatric ALL 
protocols [7].

The published evidence linking Marfan to sinusoi-
dal obstruction syndrome/veno-occlusive disease (SOS/
VOD) is limited to an isolated ALL case with unusually 
early, severe VOD during induction. Outside transplant 
conditioning and historical drug-related contexts, chemo-
therapy-associated SOS/VOD in contemporary ALL reg-
imens is uncommon. The modern European Society for 
Blood and Marrow Transplantation criteria in adults and 
children frame SOS/VOD as an endothelial-injury disor-
der and guide risk-adapted management, with defibrotide 
as the established endothelium-protective therapy. Given 
FBN1’s role in vascular microfibrils and the centrality 
of endothelial stress in SOS/VOD, a biological intersec-
tion is plausible yet remains unproven; current data do not 
justify regimen changes solely on the basis of MFS [9, 10].

Current evidence does not support enhanced, dis-
ease‑specific cancer screening for individuals with 
Marfan syndrome. One population‑based study sug- 
gested increased malignancy risk, but its findings  

are not verified and limited; recent reviews empha-
size insufficient and heterogeneous data. Profes-
sional guidance for MFS focuses on cardiovascular 
surveillance and does not recommend additional on-
cologic screening beyond age‑ and sex‑appropriate 
population protocols. Acute myeloid leukemia/ALL 
lack validated population screening; intensified hema-
tological surveillance applies only to defined germ-
line predisposition syndromes (e.g., RUNX1/CEBPA/ 
GATA2), not FBN1‑associated MFS [8, 11, 12].

A rare but repeatedly reported co-occurrence of MFS 
and malignancies – including leukemia and diffuse large 
B-cell lymphoma – has been described in case reports and 
small series; however, a causal association has not been 
established.

There are few reports in the available literature on 
the coexistence of MFS and hematological conditions.  
All identified reports are summarized in a Supplementary 
Table. Presented reports span a wide age range, from in-
fancy [13] to elderly patients [14]. The table documents 
a variety of hematological malignancies associated with 
MFS, including subtypes of acute myeloid leukemia, T-cell 
prolymphocytic leukemia, diffuse large B-cell lymphoma, 
Hodgkin lymphoma, and ALL. This diversity suggests no 
specific predisposition to a single type of malignancy.

In our summary of published cases (Supplementary 
Table), most reported patients are adults, whereas pedi-
atric observations are scarce. Consequently, the current 
evidence base is insufficient to draw conclusions about 
cancer incidence or age at onset in children with MFS.

The treatment of hematological malignancies in MFS 
patients often leads to severe complications, including 
pancytopenia, febrile neutropenia, VOD, and can cause 
fatal outcomes [10, 13, 15]. These findings underscore 
the importance of vigilant cardiovascular monitoring in 
MFS patient population, particularly during and after 
cancer treatment, including stem cell transplantation. 
They also highlight the need for tailored and careful mon-
itoring of therapeutic protocols to manage the increased 
risk of adverse effects [10, 16].

One report presented a 51-year-old woman with 
a pre-existing diagnosis of MFS who developed VOD 
prior to bone marrow transplantation for T-cell acute-
lymphoblastic leukemia (T-ALL) [17]. This was not an 
isolated finding. Kraemer et al. [10] reported a similar 
case of a 21-year-old male with MFS, T-ALL, and VOD 
diagnosed post-stem cell transplantation [16, 18, 19]. 
These observations warrant further investigation into 
a possible link between MFS and VOD. Marfan syndrome, 
a connective tissue disorder, can affect blood vessel func-
tion throughout the body. We hypothesize that MFS- 
related vascular abnormalities could predispose individu-
als to VOD, potentially by impacting liver sinusoidal struc-
ture and blood flow, leading to impaired perfusion. This 
hypothesis, if proven, has significant clinical implications. 
Chemotherapy, a mainstay of ALL treatment, is primarily 
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metabolized by the liver. Compromised liver function 
due to underlying VOD could alter drug metabolism, 
potentially leading to unexpected pharmacokinetics and 
efficacy/toxicity profiles. This underscores the need for in-
dividualized treatment approaches for patients with MFS 
suffering from hematological and oncological diseases, 
potentially including pre-emptive measures to mitigate 
VOD risk and closer monitoring of drug response.

It is also important to consider that the correlation 
between MFS and leukemia may not be due to a direct 
genetic link – the occurrence of one genetic disorder can 
imply the presence of mutations in other genes. Signif-
icant insights were gained from the WES study of our 
patient, which revealed numerous genetic abnormalities 
potentially associated with both the patient’s malignancy 
 and the various complications experienced during treat-
ment. Table 2 presents potentially significant genetic vari-
ants that could predispose the patient to therapy com-
plications, a spectrum of complications, the malignancy 
itself, and the identified gene variants suggest a potential 
link between clinical symptoms and genetic alterations 
that are not associated with MFS by itself.

The genetic landscape of ALL, a hematological malig-
nancy characterized by the overproduction of immature 
WBC, involves a variety of chromosomal rearrangements 
and gene mutations, some of which could hypothetical-
ly interact with MFS-related pathways. The spectrum 
of cancer predisposing genes was revealed in the WES 
report (Table 2). For CHEK2, there are currently no con-
vincing data supporting an increased risk of pediatric 
ALL; any link in our case should be seen as a possible, hy-
pothesis-generating association observed by the authors, 
not as an established effect. CHEK2’s role in DNA repair 
and apoptosis intersects with cellular mechanisms often 
disrupted in leukemia. This gene’s variant, c.573+1G>A, 
results in a splicing mutation that could significantly  
impact gene function (ExAC = 0.00016; Het. C/T; 
rs121908698) [22, 23] and may serve as a criterion for 

cancer predisposing syndrome (Li-Fraumeni-like syn-
drome) [20, 21].

Furthermore, variations in MYH7, associated with 
myopathies and cardiomyopathies, might not be directly 
linked to ALL, but could influence the patient’s overall 
health status and response to ALL treatment due to its role 
in muscle function and structure (Het. C/G; rs397516171). 
Similarly, genes such as AP4B1 (spastic paraplegia 47, Het. 
CTG/C; rs587779388) and ACO2 (optic atrophy 9, Het. 
C/G; rs141772938) are noted for their probable patho-
genic status, indicating a potential multifaceted impact on 
the patient’s phenotype [22]. This could be associated with 
presented side effects of treatment that strongly impact 
the whole functioning of the patient [23, 24].

In addition to the previously mentioned variants, 
the WES report identifies many other genetic variants 
that may explain cancer predisposition, post-treatment 
complications, and nonspecific dysfunctions. However, 
this hypothesis requires further comprehensive stud-
ies examining the entire exome in the context of cancer 
treatment complications. It is important to emphasize 
that excessive reliance on WES results may bring a risk 
of overinterpretation [18, 22].

We investigated the direct effects of the MFS pheno-
type and FBN1 gene-related complications on immune 
cells. However, FBN1 expression in both leukemic and 
non-pathological immune cells was found to be negligi-
ble. As illustrated in Figure 2, FBN1 gene expression in 
immune cells is minimal and remains at a median level 
compared to selected tissues with high FBN1 expression, 
which are frequently affected by MFS-related patholo-
gy. If any impact on immune cells exists, it likely occurs 
through indirect pathways, such as the previously men-
tioned TGF-β signaling. One potential explanation for 
the increased malignancy risk in individuals with MFS, 
compared to the general population, is their significantly 
greater exposure to X-ray radiation from diagnostic 
procedures, such as those assessing aortic health [19].  

FIGURE 2. Key role of transforming growth factor β
FBN1 – fibrillin-1, HSC – hematopoietic stem cell, TGF-β – transforming growth factor β

Impact on carcinogenesis: 
1. Role of the tumor suppressor in early stages
2. Tumor promoter function in advanced stages
3. Creation of immunosuppressive microenvironment

TGF-β-targeted therapies’ possibilities: 
1. Strategies to block TGF-β as a method of cancer treatment
2. Possibilities to prevent progression of TGF-β-related cancers 

Role in hematopoiesis: 
1. Maintenance of HSC quiescence
2. Regulation of HSC renewal and differentiation
3. Differentiation preferences (e.g. megakaryopoiesis)

Dysregulation of TGF-β:
1. Overactivity in Marfan syndrome 
2. Reduced sequestration of TGF-β by defective FBN1 

Biological functions: 
1. Regulation of cell proliferation
2. Cell differentiation
3. Remodeling of the extracellular matrix

TGF-β in leukemogenesis: 
1. Dysregulation of HSC and bone marrow microenvironment 
2. Promotion of bone marrow fibrosis
3. Synergy with mutations (e.g. ETV6-RUNX1)

TGF-β 
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Although, the last description of two MFS patients with 
neuroblastoma mentioned no evident higher risk of malig-
nancy in this genetic condition [25]. Another factor could 
be the immunosuppressive effects of TGF-β, which may 
reduce the immune system’s ability to recognize and elim-
inate malignant cells, thus promoting tumor growth [26]. 
These mechanisms remain hypothetical in MFS and have 
not been demonstrated to shift cancer risk or timing of on-
set; thus, they should be regarded as avenues for future 
study rather than established drivers.

The association between MFS and malignancies,  
although not fully understood, may be related to the sig-
nificant role of TGF-β, which, when dysregulated, can 
promote cancer progression [27]. Marfan syndrome is 
a genetic connective tissue disorder caused by mutations 
in the FBN1 gene, leading to defective microfibril for-
mation and dysregulation of TGF-β signaling [28, 29].  
Fibrillin-1 is essential for binding latent TGF-β binding 
proteins (LTBPs), which sequester TGF-β in the extracel-
lular matrix and regulate its bioavailability [29]. In indi-
viduals with Marfan syndrome, defective FBN1 results in 
decreased sequestration of TGF-β, leading to increased lev-
els of active TGF-β in various tissues [29]. This elevation in 
TGF-β activity contributes to many of the clinical manifes-
tations of Marfan syndrome, such as skeletal abnormalities, 
cardiovascular defects, and ocular lens dislocation, due to 
TGF-β’s profound effects on cell proliferation, differentia-
tion, and extracellular matrix remodeling [29].

While TGF-β pathway inhibition is being explored 
across oncology, there is no evidence to support its use in 
MFS-associated ALL. Any discussion of TGF-β-directed 
therapy in this context should be regarded as hypothe-
sis-generating only, not a clinical recommendation.

In the context of leukemogenesis, TGF-β exhibits 
a complex role, acting as both a tumor suppressor and a tu-
mor promoter depending on the disease stage and cellular 
context [28, 30, 31]. During early stages of tumorigenesis, 
TGF-β can inhibit cell proliferation and induce apoptosis 
in transformed cells, acting as a tumor suppressor [28, 31]. 
However, as cancer progresses, cells can develop resistance 
to TGF-β-mediated growth inhibition, often through mu-
tations or alterations in components of the TGF-β sig-
naling pathway [28, 30]. In such cases, cancer cells may 
exploit TGF-β signaling to promote their survival, pro-
liferation, and metastasis [28, 31]. For example, in AML, 
leukemic cells may exhibit insensitivity to the inhibitory 
effects of TGF-β due to mutations in TGF-β receptors or 
downstream signaling molecules [30]. This insensitivity 
allows for uncontrolled proliferation of leukemic cells. 
Additionally, TGF-β can contribute to the development 
of an immunosuppressive tumor microenvironment by 
inhibiting the function of various immune cells, such as 
T-cells, natural killer cells, and macrophages [32]. This 
immunosuppression allows leukemic cells to evade im-
mune surveillance and promotes disease progression [32]. 
Moreover, TGF-β can influence the bone marrow niche 

by promoting fibrosis and altering cytokine production, 
which can affect normal hematopoiesis and create a mi-
croenvironment that supports leukemic cell growth [30]. 
Elevated TGF-β levels can stimulate the production of ex-
tracellular matrix components, leading to bone marrow 
fibrosis, which is commonly seen in myeloproliferative 
neoplasms [30]. In patients with MFS, the heightened 
TGF-β activity due to defective FBN1 may contribute 
to an environment conducive to leukemogenesis. Also, 
this can alter the hematopoietic microenvironment and 
disrupt normal hematopoietic stem cell (HSC) regula-
tion, potentially leading to the development of leukemia 
[29, 30, 33]. The dysregulated TGF-β signaling may push 
HSCs towards differentiation, depleting the stem cell pool 
and causing compensatory proliferation, which increases 
the risk of genetic mutations and malignant transfor-
mation [27, 30]. Furthermore, the immunosuppressive  
effects of elevated TGF-β can impair immune surveillance, 
allowing pre-leukemic clones to expand unchecked [32]. 
The combination of altered HSC regulation, bone marrow 
microenvironment changes, and immune suppression may 
synergistically contribute to the development and progres-
sion of leukemia in individuals with MFS. Additionally, 
the ETV6-RUNX1 fusion gene, resulting from the t(12;21)
(p13;q22) chromosomal translocation, is one of the most 
common genetic alterations in pediatric ALL [33] and 
was presented in our patient. This fusion interferes with 
normal RUNX1 function, a critical transcription factor for 
HSC differentiation, contributing to leukemogenesis [33]. 
Dysregulated TGF-β signaling in MFS may interact with 
the ETV6-RUNX1 fusion to promote the survival and pro-
liferation of pre-leukemic cells [33]. Elevated TGF-β levels 
could inhibit the proliferation of normal progenitor B-cells 
while having minimal effects on ETV6-RUNX1-positive 
cells, thus favoring their competitive expansion. There-
fore, the combination of TGF-β dysregulation in MFS and 
the presence of the ETV6-RUNX1 fusion may increase 
the risk of leukemia development, underscoring the need 
for further research into this interplay.

No additional actionable kinase-activating lesions 
(e.g., BCR-ABL1 or ABL-class fusions) were identified 
which would support use of tyrosine-kinase inhibitors; 
thus, targeted therapy was not indicated for this genomic 
profile [34, 35].

TARGETED AND IMMUNE THERAPIES  
IN PEDIATRIC B-ALL: SCOPE, INDICATIONS,  
AND GAPS RELEVANT TO THE PRESENT CASE

In contemporary pediatric B-ALL, several targeted or 
immune-based approaches improve outcomes in defined 
settings: 
•	 tyrosine-kinase inhibitors for BCR-ABL1 – positive 

disease and for a subset of ABL-class “Ph-like” fusions 
(e.g., ABL1/2, PDGFRB, CSF1R) integrated with che-
motherapy, 
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•	 CD19-directed bispecific T-cell engager blinatumomab, 
which improves event-free/disease-free survival vs. 
conventional chemotherapy in children with B-ALL in 
relapse or with measurable residual disease, 

•	 CD22-directed antibody – drug conjugate inotuzumab 
ozogamicin with meaningful response rates in pediatric 
relapsed/refractory B-ALL, 

•	 CD19 CAR-T-cells (tisagenlecleucel) inducing high re-
mission rates in relapsed/refractory pediatric and ado-
lescent and young adult B-ALL. 

By contrast, there is no approved agent that specif-
ically targets the ETV6-RUNX1 fusion, and standard 
risk-adapted chemotherapy remains the backbone for 
this genomic subtype. Accordingly, in cases like ours 
(ETV6-RUNX1), “targeted therapy” should be regarded 
as contingent on actionable lesions (e.g., BCR-ABL1 or 
ABL-class fusions) or disease stage (relapse) rather than 
as a generalizable recommendation [34–37].

While TGF-β pathway inhibition is being actively ex-
plored across oncology and fibrosis, clinical data in pe-
diatric ALL are limited and there are no trials specific to 
MFS or to ETV6-RUNX1 B-ALL. Thus, any reference to 
TGF-β–directed strategies in the present context should 
be regarded as hypothesis-generating only, not as a treat-
ment recommendation [38, 39].

A key limitation of this study is the absence of pa-
rental data; without segregation or de novo assessment, 
MYH7 and other prioritized variants remain classified as 
variant of uncertain significance under American College 
of Medical Genetics and Genomics and the Association 
for Molecular Pathology criteria. In addition, our liter-
ature synthesis relies predominantly on heterogeneous 
case reports with a clear adult predominance and likely 
publication bias, which precludes conclusions regarding 
cancer risk or the timing of onset in Marfan syndrome.

CONCLUSIONS

This case illustrates the complexity of managing pre-
B-ALL in a child with MFS, requiring individualized 
treatment planning and vigilant toxicity surveillance. 
The report does not establish that MFS predisposes to 
malignancy or modifies the timing of leukemia onset. 
Rather, it underscores diagnostic and therapeutic chal-
lenges when an inherited connective-tissue disorder 
co-occurs with hematological cancer, and highlights 
the need for prospective, genotype-informed studies to 
clarify any true association and to determine whether 
MFS influences toxicity profiles or outcomes.
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