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ABSTRACT

Mutations in the Nucleophosmin 1 (NPM1) gene define a well-established subtype of acute myeloid leukemia
(AML) with distinct clinical and molecular characteristics. While somatic NPMI1 mutations are frequent,
germline involvement remains exceedingly rare and largely unreported in the context of AML. This report details
the case of genetically identical twin sisters who were both diagnosed with AML harboring NPMI1 mutations.
Twin A presented at age 4 with fever and weakness, while Twin B presented 3 years later at age 7 with fever
and gastrointestinal bleeding. Both had high leukocyte counts, thrombocytopenia, and >95% marrow blast
involvement on aspirate smears. Flow cytometry confirmed myeloid lineage blasts, and multiplex PCR identified
NPM1I mutations in both siblings. Conventional cytogenetics showed normal female karyotype (46,XX). Both
had pulmonary infiltrates suggestive of fungal infection at baseline. Twin B had additional complications
including central nervous system involvement and cardiac vegetations. Both were treated with the berlin frankfurt
munster (BFM) 2004 protocol. Twin A remains in remission after 3.5 years of follow-up. Twin B is currently
on maintenance with negative measurable residual disease by flow cytometry. This is the first reported case of
germline NPMI-mutated AML in twin sisters, suggesting a potential inherited predisposition. It emphasizes the
importance of molecular diagnostics and consideration of germline mutations in familial pediatric AML.
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INTRODUCTION

The NPM1 gene encodes nucleophosmin, a multifunctional nucleolar phosphoprotein involved
in ribosome biogenesis, genomic stability, and centrosome duplication.!?! Mutations in NPM1
— particularly in exon 12 - lead to mislocalization of the protein into the cytoplasm of leukemic
blasts, a hallmark of this acute myeloid leukemia (AML) subtype.® This mutation is most
commonly found in AML with normal karyotype and has been linked to favorable outcomes,
especially in the absence of co-occurring FMS-like tyrosine kinase 3-internal tandem duplication
(FLT3-ITD) mutations.!™*

The WHO classification incorporated NPM1-mutated AML as a unique entity in 2017 based on
its distinct clinical and biological features.>® While somatic NPM1 mutations are extensively
studied, germline mutations are rarely reported and have primarily been described in relation to
ribosomopathies such as dyskeratosis congenital.®” We present the first documented instance of
twin sisters with NPMI-mutated AML, strongly indicating a germline origin.
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CASE REPORT
Twin A

A 4-year-old female presented with persistent fever and
general malaise. Laboratory findings revealed a hemoglobin
level of 8.7 g/dL, a white blood cell (WBC) count of 85 x
10°/L, and platelets at 41 x 10°/L. Peripheral smear showed
63% blasts. Bone marrow aspirate demonstrated 95% blasts
with characteristic nuclear cup-like invaginations and
open chromatin. Flow cytometry revealed positivity for
cluster of differentiation (CD33), CD38, dim CD117, and
cytoplasmic myeloperoxidase (MPO), with negativity for
CD13, CD34, and human leukocyte antigen-DR isotype
(HLA-DR).

Cytogenetics revealed a normal 46, XX female karyotype.
Multiplex PCR detected an NPMI mutation. High resolution
computed tomography (HRCT) chest revealed left lower lobe
nodular opacities patchy ground glass opacities, likely of
fungal origin. She was initiated on the BFM 2004 protocol
for pediatric AML and achieved complete morphologic
remission post-induction. She remains disease-free 3.5 years
after completing therapy.

Twin B

Three years later, the older twin (7-years-old) presented with
fever and hematochezia. Her hemoglobin was 7.7 g/dL, WBC
was 71 x 10°/L, and platelets were 1.93 x 10°/L. Bone marrow
examination showed hypercellularity with 95% blasts. Flow
cytometry demonstrated CD33 (bright), CD13 (moderate),
cytoplasmic MPO (bright), CD45 (dim-moderate), CD38,
and CD14 expression.

Like her sibling, she tested positive for an NPMI1 mutation
and had a normal 46 XX karyotype, consolidation and
ground glass opacities karyotype. HRCT chest revealed
left lower lobe consolidation suggestive of fungal infection.
Echocardiography detected vegetations on the tricuspid
valve, while brain imaging and cerebrospinal fluid cytology
confirmed central nervous system (CNS) III disease. She
was treated with BFM 2004 protocol, including intrathecal
therapy, and achieved measurable residual disease-negative
remission. She is currently on maintenance chemotherapy.

DISCUSSION

The presence of NPMI mutations in both monozygotic
twins, in the absence of identifiable somatic mutations or
environmental exposures, strongly suggests a germline
mutation.**) While somatic NPMI mutations are a known
hallmark of AML with favorable prognosis,!! the possibility
of inherited predisposition through germline alterations has
only been recently proposed in molecular studies.!®!

Notably, both patients presented with features consistent
with pediatric AML, including hyperleukocytosis and
marrow blast infiltration. Additional complications included
fungal pneumonia in both patients and CNS as well as
cardiac involvement in Twin B. Despite these challenges,
both responded well to treatment, reinforcing the prognostic
implications of NPM1 mutations.”

Previous studies have linked germline NPMI mutations
to ribosomal dysregulation and rare inherited
syndromes.') However, this is the first clinical report to
suggest direct leukemic transformation due to germline
NPM1 mutation in siblings. It highlights the importance of
considering familial molecular testing in pediatric AML,
particularly when there is sibling involvement or early-onset
disease.[""!

CONCLUSION

We report the first known instance of germline NPMI-
mutated AML in monozygotic twin sisters, suggesting a
heritable susceptibility to leukemogenesis through this
mutation. Both children showed excellent therapeutic
response to standard AML therapy. This case highlights the
clinical importance of genetic evaluation in pediatric AML
and underscores the role of germline predisposition in
familial cases.
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