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Outline

ü Oncogenic activity of TP53 mutations

ü TP53 CHIP and clonal progression

ü In-vitro modeling of therapy-related myeloid neoplasms

ü Impact of previous disease and type of cytotoxic drugs on TP53mut development

ü Clinical impact of  TP53 mutations and risk stratification



Urrutia S.,et al, Blood, 2025

*therapy-related AML or MDS
** AML secondary to MDS or MPN  
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Oncogenic activity of TP53 mutations

Modified from  Shazad M. et al., BCJ 2024

Loss of function

PPM1D mutation
Gain of function

Impair DDR

Reduce TP53 activity



Prevalence of TP53 CHIP

Kar S. et al., Nature genetics 2022

ü 200,453 UK Biobank participants, WES

ü 10 most common driver genes in 10,924 individuals
ü 140,597 individuals without hematologic neoplasms in BioBank Japan
ü 1,157 individuals with TP53-CHIP (0.8%)

Usui Y. et al., Blood Cancer Discovery 2025

ü TP53 CHIP is rare, but frequency increases early



ü SRSF2, SF3B1, and ZRSR2
ü AML-like genes (IDH1, IDH2, FLT3, and RUNX1)
ü TP53-related genes (TP53 and PPM1D)

Weeks et al, NEJM Evidence 2023

High-risk mutations

SCORE
ü high : ≥12.5,  1.1% of pts
ü intermediate risk: 10 to 12, 10.5%
ü Low: ≤9.5, 88.4%

From CHIP to CCUS to MN: clonal hematopoiesis risk score 
(CHRS)

n= 470 960 participants in the UK Biobank



Bolton et al, Nature Genetics 2020                                                                                           Jaiswal S. et al, Ann Reviews 2022 

Factors synergizing with CHIP leading to «pathological» aging

Cancer patients



Clonal expansion in therapy-related MN 

Voso MT, Fabiani E, Brit J Hematol 2022; Guarnera L, .. & Voso MT,  Ann Hematol 2024
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Variable Points

Sex, male 1

Hemoglobin ≤ 10 g/dL 2

Platelet ≤ 100 x109/L 2

≥ 2 additional mutations 2

SF3B1 mutations 1

HR-TP53 status 1

AML evolution

P <0.01

32.0 months

70 months

LFS 
C-index 0.60

High-risk IPSS-del(5q)

Standard-risk IPSS-del(5q)

M.J. Montoro et al, Blood 2024

0-3 points

>3 points

TP53 VAF and 5q- MDS



MDS: TP53 mutational burden and genomic instability

Bernard E. et al., Nat Gen 2020

TP53 multi-allelic state correlates with increasing levels of genome instability, but fewer co-mutations.

MDS



1-hour etoposide exposure, γH2AX levels increased across all
genotypes. However, after 24 h of recovery without etoposide,
elevated γH2AX levels persisted specifically in Hoxb8-Trp53bi cells
(Fig. 3B–D). Since γH2AX is only a surrogate marker for DNA
damage, we then investigated whether this increased persistence

of DNA damage in Trp53bi cells would translate into detectable
genomic aberrations. To induce a high DNA damage load, we
administered three consecutive 1-h etoposide treatment cycles,
mimicking the chemotherapy treatment regimen in patients.
Hereafter, we performed single-cell cloning and conducted whole-
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development in γ-irradiated mice carrying monoallelic versus
biallelic Trp53 mutations, we wondered whether the AML blasts
from mice with initially monoallelic Trp53 mutations retained a
wild-type allele. Therefore, we FACS-separated BM cells of AML-
bearing mice with monoallelic Trp53 mutations into pure AML

(CD45-Lin-c-Kit+) and remaining healthy (CD45+) populations to
identify wild-type and mutant alleles by PCR (Fig. 4M). Strikingly,
while the healthy BM population expectedly showed both wild-
type and mutant Trp53 alleles, AML cells consistently lacked the
wild-type allele (Fig. 4N). We confirmed this loss of heterozygosity
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Modelling TP53mut therapy-related myeloid neoplasms

Expansion of mosaicism in irradiated mice



Therapy-related myeloid neoplasms and TP53 mutations

• Complex Karyotypes (33%) and TP53 (44%) mutations co-occurred in 80% of cases
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AML n=93 MDS n=66

Voso MT, Gurnari C et al, in preparation

t- AML t- MDS

*
*

*
*

Karyotype N= 4832014-2024, n=514 pts



t-MN after multiple myeloma

Sperling A et al. Blood 2022

Lenalidomide (but not Pomalidomide) select Tp53-mutant HSPCs



t-MN after PARPi

Voso MT, Gurnari C et al, in preparation

ü 2320 patients (1254 BRCA-mutated), 56 (2.55%) developed MN: 35 MDS and 21 AML 

ü 31 had BRCA mutations (2.5%). 

ü Incidence by drug: olaparib 2.5%, niraparib 2%, and rucaparib 3.4%. 

ü Unclear correlation between treatment duration and t-MN risk, with a median onset of 

18.9 months.

üRisk increased with additional therapy lines: 0.52% (first) to 12.2% (>4. line). 

The Italian MITO-MaNGO experience: multicentric survey

Turinetto M et al, ESMOopen 2025; Chiusolo P.  et al, Am J Hematol 2022, 
Todisco E. et al, Int J cancer 2022; Oliveira JL et al, Blood Cancer J, 2022 
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TP53 mutations included in the DNA binding domain (DBD) (exons 5-8), at six 

major mutational hot spots including codons 175, 245, 248, 249, 273, and 282, 

showing a propensity for arginine residues. 

Mutations at p.(Arg175) are in common in all the considered studies.



Clinical impact of multi-hit mutations

Bernard E. et al. Nat Gen 2020 Versluis J. et al. JCO 2023

MDS AML

Multi-hit Tp53-mutations are unfavourable independent of de novo or therapy-related



TP53-mutated MN are a nosologic entity by ICC

ICC classification

Arber et al, Leukemia 2022



TP53 mutations and prognosis in AML

Intensive chemotherapy Semi-intensive treatment

Dohner H. eL.al, Blood 2022 and 2024

CPX-351



Response to current/investigational drugs in AML

Adapted from Daver et al. Cancer Discov. 2022

Median OS 
(months)

CR rateResponseTP53-mutated ptsPopulationType of studyTreatment

2.1–7.313%-22%CR/CRi 22%-38%22ND AMLII; retrospective
Azacitidine or
decitabine

4.9–7.2NR–20%CR/CRi 41%-47%36, 54ND AMLIb/II, III

Venetoclax +
azacitidine or 5-day
decitabine

5.448%ORR 77%26ND AMLII; post hoc
Venetoclax + 10-day
decitabine

10.833%CR/CRi 49%72ND AMLIb
Magrolimab +
azacitidine

NR64%ORR 86%14ND AMLIb/II

Magrolimab +
venetoclax +
azacitidine

10.417%ORR 33%18ND AMLIb/II
Eprenetapopt +
azacitidine

DOR 6.420%CR/CRi 40%5ND AMLIbSabatolimab + HMA
NANRCR/CRi 86%7ND AMLI/IISGN-CD33A + HMA

NANAORR 50%4ND AMLPost hoc
Nivolumab + intensive
chemotherapy

6.8–8.845%-55%ORR 47%-55%variousND AMLRetrospective
Intensive
chemotherapy

6.7–9.036%ORR 14%-50%variousND AMLRetrospective
Low-intensity
chemotherapy



How to reduce genotoxic stress during chemotherapy in patients with TP53mut CHIP

He et al., Sci Trans Med, 2017

CDK4/6 inhibition with Trilaciclib reduces 
hematopoietic stem cell (HSCs) cycling

Human Bone 
Marrow HSCs

He et al., Sci Trans Med, 2017, Weiss et al., Clin. Lung Cancer, 2021

Percent of Patients

Neutropenia

Anemia

Thrombocytopenia Placebo

Trilaciclib

Trilaciclib reduces CHT-related 
myelosuppression in SCLC patients

* p < 0.05
** p < 0.01
*** p < 0.001
† Numbers denote # of mutations
‡ Pooled data across 3 clinical trials

Deep, UMI-based sequencing (20,000x) using ArcherDX

Irenaeus Chan, et al, Plenary ASH presentation 2025, by courtesy of K. Bolton



Take-home messages

vTP53 mutations are present at variable rates in MN, and are associated with multiple carcinogenic mechanisms

v TP53 CHIP is rare, but clones may expand under chemotherapy exposure, and lead to PB and BM mosaicism

v The clonal burden is associated with unfavourable outcome

v Therapy-related MN are an in-vivo model of TP53-driven leukemogenesis, due to different drugs

v TP53 mutations identify adverse prognostic disease-subgroups

v The genotoxic effect of CHT may be reduced by CDK4/6 inhibition
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