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Identification of two novel TP53 mutations in 
secondary acute myeloid leukemia following 
multiple myeloma: a case report
Maria Antonia De Francescoa,b, Rossella Ribollac, Alessandra Sottinia,b, Diego Bertolia,b, Carlotta Giupponia,b, 
Ottavia Bonuccellia,b, Roberto Bresciania,b, Alessandra Tuccic, Giorgio Biasiottoa,b,*
aDepartment of Molecular and Translational Medicine, University of Brescia, Brescia 25123, Italy; bHighly Specialized Laboratory, 
ASST Spedali Civili di Brescia, Brescia 25123, Italy; cDepartment of Hematology, ASST Spedali Civili di Brescia, Brescia, Italy

 

*Address correspondence: Prof. Giorgio Biasiotto, Department of Molecular and 
Translational Medicine, University of Brescia, Brescia 25123, Italy. E-mail address: 
giorgio.biasiotto@unibs.it (G. Biasiotto).

Conflict of interest: The authors declare that they have no conflict of interest.

Blood Science (2026) 8, 1–4:e00282.

Received August 11, 2025; Accepted January 29, 2026.

http://dx.doi.org/10.1097/BS9.0000000000000282

Copyright © 2026 The Authors. Published by Wolters Kluwer Health Inc., on 
behalf of the Chinese Medical Association (CMA) and Institute of Hematology, 
Chinese Academy of Medical Sciences & Peking Union Medical College 
(IHCAMS). This is an open-access article distributed under the terms of the 
Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where 
it is permissible to download, share, remix, transform, and buildup the work 
provided it is properly cited. The work cannot be used commercially without 
permission from the journal.

1. INTRODUCTION
The incidence and mortality of multiple myeloma (MM), 

the second most widespread hematological malignancy, 
increased during the last 30 years with approximately 156,000 
incident cases, 113,000 deaths and 2.50 million disability- 
adjusted life years (DALYs) reported globally in 2019.1 In 
2020, the age-standardized incidence rate of MM was 1.78 
per 100,000 persons, and the age-standardized mortality rate 
was 1.14 per 100,000 persons,2 while 188,000 new cases of 
MM and 121,000 related deaths have been reported world-
wide in 2022.3

Secondary myeloid malignancies, such as myelodysplastic 
syndrome (MDS) and acute myeloid leukemia (AML), may arise 
as late complications in patients with MM, particularly after 
prolonged treatment with alkylating agents and immunomod-
ulatory drugs.4,5

While the absolute risk of developing therapy-related MDS 
(t-MDS)/therapy-related AML (t-AML) in MM remains low, its 
occurrence is clinically significant, particularly in the presence of 
TP53 mutations and cytogenetically complex profiles.

Here, we report on the case of a patient with an initial diag-
nosis of MM who developed secondary MDS and a subsequent 
evolution to AML. The patient exhibited 2 novel TP53 muta-
tions with a significant negative impact both on prognosis and 
clinical outcome.

2. RESULTS
A 64-year-old Caucasian man was diagnosed with IgAκ 

monoclonal gammopathy of undetermined significance (MGUS) 
in December 2016. Hemoglobin levels were within the nor-
mal range, and there was no evidence of hypercalcemia, renal 

insufficiency, or lytic bone lesions. The serum M component was 
5 g/L, while total IgA levels were 571 mg/dL (reference range: 
85–410 mg/dL). Serum-free light chains κ (sFLCκ) and λ (sFLCλ) 
were 41.30 mg/L (6.70–22.40 mg/L) and 11.90 mg/L (8.30–
27.00 mg/L), respectively, resulting in an abnormal κ/λ ratio of 
3.47 (reference: 0.31–1.56). No proteinuria was detected. The 
patient was referred to the Hematology Unit at Spedali Civili of 
Brescia for annual follow-up.

In October 2020, the patient developed anemia (hemoglobin 
8.7 g/dL) and neutropenia (neutrophils 700/mm3), accompanied 
by hypercalcemia (serum calcium 11.25 mg/dL) and mild renal 
impairment (serum creatinine 1.33 mg/dL). Serum protein elec-
trophoresis revealed an M-protein spike of 38 g/L, and total IgA 
increased to 3910 mg/dL. Urine immunofixation was positive for 
κ light chains, with mild 24-hour proteinuria of 500 mg. sFLCκ 
and sFLCλ were 840.18 and 3.58 mg/L, respectively, yielding a 
markedly elevated κ/λ ratio of 234.68. Serum β2-microglobulin  
was 3.7 mg/L, and lactate dehydrogenase (LDH) levels were 
within the normal range.

Bone marrow aspiration and biopsy were performed, reveal-
ing a CD38+ CD138+ plasma cell infiltrate accounting for 60% 
of marrow cellularity. Interphase fluorescence in situ hybridiza-
tion (FISH) analysis on enriched bone marrow plasma cells did 
not reveal any cytogenetic abnormalities. Specifically, the FISH 
panel was negative for deletion of 17p13.1 (TP53), amplifica-
tion of 1q21, translocations t(4;14)(p16.3;q32.3) and t(14;16)
(q32.3;q23), and deletion of 1p32.3.

Therefore, he was diagnosed with IgAκ MM, stage IIIA 
Durie-Salmon6 and stage II disease according to the revised 
International Staging system (R-ISS).7

In November 2020, the patient started induction therapy with 
bortezomib (1.3 mg/m2 twice weekly on a 21-day cycle), thalid-
omide (50 mg/d—dose reduced due to newly diagnosed atrial 
fibrillation during an infectious complication), and dexameth-
asone (40 mg weekly) for a total of 4 cycles. He subsequently 
underwent mobilization chemotherapy with cyclophospha-
mide, followed by collection of autologous hematopoietic stem 
cells. In April 2021, the patient received autologous stem cell 
transplantation after conditioning with high-dose melphalan 
(200 mg/m2).

At the end of first-line treatment, the patient achieved a very 
good partial response (VGPR) according to the International 
Myeloma Working Group (IMWG) response criteria,8 with min-
imal residual disease (MRD) still detectable in the bone marrow. 
In September 2021, he initiated lenalidomide maintenance ther-
apy at a dose of 10 mg daily for 21 days of each 28-day cycle.

The patient continued maintenance therapy without sig-
nificant complications until July 2024, when reappearance of 
a detectable monoclonal component in the serum prompted a 
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bone marrow re-evaluation. Bone marrow examination revealed 
a plasma cell infiltration of less than 10%, but marked dysplasia 
across all 3 hematopoietic lineages. A diagnosis of MDS with 
multilineage dysplasia (MDS-MLD) was established according 
to the World Health Organization (WHO) 5th edition classifi-
cation.9 Given the diagnosis of myelodysplasia and biochemical 
relapse of MM, lenalidomide treatment was permanently dis-
continued and clinical and laboratory follow-up was initiated.

In October of the same year, due to a sudden worsening 
of peripheral blood counts, a repeat bone marrow aspira-
tion was performed, revealing progression of myelodysplasia 
with 25% blast cells and relapsed MM with an increase in 
plasma cell infiltration to 15%. The complex karyotype  
(59~60,XY,+1,+2,+4,+6,+8,+9,+add(11)(p14),+13,+14,-18,-
19,+20,-21,+22,+6~7mar[cp9]/44,XY,-5,psu dic(7;12)(q11;p12) 
[8]/43,XY,-5,psu dic(7;12)(q11;p12),der(15;21)(q10;q10)[3]), 
the somatic molecular characterization and WT1 overexpres-
sion led to a diagnosis of AML, in the setting of concomitant 
relapsed MM. Given the presence of dual hematologic malig-
nancies and the lack of therapeutic options, the patient was 
transitioned to supportive and palliative care.

Low-dose corticosteroids were introduced for cenesthetic 
relief, and the patient received periodic transfusions with red 
blood cell concentrates and pooled platelets to manage anemia 
and hemorrhagic diathesis at the hematology day hospital.

Due to increasing transfusion requirements and a decline in 
general condition that made home management difficult, the 
patient was transferred to a palliative care hospice in December 
2024. He subsequently passed away on January 30, 2025, due 
to the natural progression of his acute leukemia.

3. DISCUSSION
Next generation sequencing (NGS) analysis of bone mar-

row blood was performed by SOPHIA DDM™ for Genomics 

software in order to identify somatic mutations including p53 
variants and respective variant allele frequency (VAF).10,11

By using a 51 gene panel (CMYS panel_R_v1 Sophia Genetics), 
we found that our patient harbored only 2 mutations of TP53 
(NM_000546) and no other mutations. The first mutation was 
the deletion c.576_582delGCATCTT p.His193Serfs*52 with 
VAF 33%. This mutation was never identified before, to our 
knowledge. The deletion of 7 bases was in the coding region for 
the DNA Binding Domain, where it generated a change in the 
amino acid sequence starting from the Histidine 193 to Serine, 
therefore resulting in a new random sequence of amino acids 
that ended after 52 residues (Fig. 1). In biophysical and struc-
tural studies, the DNA binding domain was reported as inher-
ently unstable and very sensitive to any mutation. Therefore, 
the frameshift mutation in DBD has a dominant-negative effect 
by disrupting DNA binding and preventing the organization of 
the active normal homotetramers responsible for tumor pro-
gression.12 Furthermore, this mutation was located in the L2 
region (from 163 to 195 amino acids) that has been previously 
associated with anthracyclines or mitomycin resistance in breast 
cancer and other tumors.13,14

The second mutation carried by the patient was c.1049T>C 
p.Leu350Pro with VAF 30%. This mutation was reported in 
ClinVar database as a variant with uncertain significance and 
was never found in MDS/AML to the best of our knowledge. 
It was positioned in the oligomerization domain present in 
the second alpha-helix before the unstructured final part of 
the protein (Fig. 2). Because it is known that the cyclic amino 
acid proline is a destroyer of the secondary structure alpha- 
helix, the identified mutation p.Leu350Pro might have a role 
in blocking the assembly of the tetramer, therefore interfer-
ing with the normal function of the p53 protein. In support 
of this hypothesis, it was found that the very similar muta-
tion p.Leu344Pro located in the same domain, near Leucine 
350, had the effect of forming predominantly monomers 

Figure 1.  Effects of the p.His193Serfs*52 mutation. (A) This mutation is located in the DBD of the protein between a brief α-helix and a β-sheet domain and 
stabilizes the tertiary structure interacting with His 214 (www.alphafold.ebi.ac.uk). (B) Sanger sequencing electropherograms of the mutations are reported. (C) 
Phylogenesis shows that His193 is an amino acid conserved in the phylogenesis until amphibians (Xenopus tropicalis) and fishes (Danio rerio). The 50 amino 
acids after His193, which were changed in the frameshift, are well conserved in mammals and confirm the importance of this part for the protein functionality 
(www.mutationtaster.org). A part of the figure has been created by biorender.com. DBD = DNA-binding domain.
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rather than tetramers.15 Another mutation in the same domain 
p.Ala347Asp also interfered with the tetramerization forming 
predominantly dimers.15

In t-MDS and t-AML, the most frequent observed mutations 
are localized in TP53 gene and are detected in approximatively 
30% to 40% of patients; on the contrary, only 5% to 10% of 
patients with de novo MDS and AML exhibit TP53 mutations.16

However, to validate the hypothesis that these 2 TP53 variants 
are pathogenic and contribute to a more aggressive phenotype, 
future studies are needed based on functional assays performed 
in appropriate cell model such as the MOLM cell line, which is 
FLT3-ITD–positive and harbors wild-type TP53—a genetic con-
text that simulates aggressive AML biology. They will include the 
transfection of expression vectors carrying the mutant cDNAs, 
both individually and in combination, to mimic their interaction 
with endogenous WT p53 in forming protein complexes and the 
study of the variation in the expression of apoptosis, ferroptosis, 
and autophagy markers to verify the effects in cell viability.

Recent genomic evidence suggests that selective pressure 
induced by treatment makes already pre-existing subclonal 
TP53 mutations become dominant.17–19 This hypothesis sup-
ports a model of parallel clonal evolution alongside myeloid 
hematopoiesis.20,21 Unfortunately, in this case, we were not able 
to discriminate whether the observed TP53 mutations were 
due to pre-existing clones or new ones acquired during len-
alinomide therapy because the Italian guidelines of the Italian 
Society of Hematology (2021) do not require the research of 
the somatic mutation for MM patients, and so molecular char-
acterization was not performed at that time. However, despite 
the use of unsorted bone marrow samples, the observed TP53 
variant allele frequencies were compatible with the proportion 
of myeloid blast, although lineage-specific attribution cannot be 
formally proven.

Missense mutations, producing single amino acid changes, 
constitute the majority of mutations occurring in TP53 gene and 
were mainly localized in DBD (95.3%).22 Furthermore, both the 
frameshift mutations and those which insert a new stop codon, 
leading to a truncated protein, are considered strongly disrup-
tive of p53 functions.23 Biallelic mutations of TP53 are leuke-
mogenic and are often defined as part of multihit mutations.17,24 
In an MDS and AML cohort of mutated TP53 patients, it was 
shown that 36% of the patients were carriers of single hits, while 
the remaining 64% had double or multihit mutations. This 
last category of patients, carrying missense and/or nonsense/
frameshift mutations, had worse overall survival if compared 
with the single-mutated patients.25 Finally, the co-occurrence 
of multihit TP53 alterations and a highly complex karyotype, 
as found in our patient, is consistent with data showing that 
TP53-mutant myeloid neoplasms frequently harbor extensive 
structural chromosomal abnormalities, reflecting a profound 
genomic instability that underlies aggressive disease progres-
sion and poor clinical outcome.26 Multi-hit TP53 mutations in 
therapy-related myeloid neoplasms (t-MDS/t-AML), especially 
with complex karyotype, define a uniformly aggressive disease 
subtype. These patients typically show very poor responses to 
standard therapies, high chemoresistance, and median overall 
survival often under 10 months. In this setting, even blast count 
or history (MDS vs AML) loses prognostic significance while 
multihit TP53 status remains the strongest independent predic-
tor of dismal outcome.16,26

4. CONCLUSIONS
Therefore, our study describes 2 novel mutations of TP53 in 

secondary AML that led to a poor clinical outcome of the patient. 
However, further studies are needed to definitively address the 

Figure 2.  Effects of p.Leu350Pro mutation. (A) This amino acid variation changes the sequence of the last α-helix of the oligomerization domain of the protein 
(www.alphafold.ebi.ac.uk). (B) Sanger sequencing electropherogram shows the base variation. (C) The AlphaMissense Pathogenicity Heatmap is reported, 
evidencing the pathogenic prediction of the p.Leu350Pro mutation (www.alphafold.ebi.ac.uk). (D) The protein conservation in phylogenesis evidences that the 
mutated Leu is maintained unchanged until amphibians (Xenopus tropicalis) and fishes (Takifugu rubripes), underlining its crucial function (www.mutationtaster.
org). A part of the figure has been created by biorender.com.
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role played by these identified mutations in the already complex 
molecular diversity of AML, although because of the lack of 
TP53 analysis at MM diagnosis, we cannot rule out the possi-
bility that these mutations were already present before AML.

Nevertheless, this case underlines the complexity of hemato-
logical disorders such as MM and MDS, which can change their 
morphological features and evolve. It highlights the importance 
of flexible and adaptive management of patients, opening new 
questions about therapeutic strategies. In fact, the use of lenalid-
omide exhibits a double face, being useful in both plasma cells 
and myeloid disorders but raising queries about whether pro-
tracted lenalidomide exposure could favor the development of 
acquired new mutation, especially in TP53, leading to secondary 
malignancies with poor outcome.
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