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Mutations in the tumor protein 53 (TP53) gene occur in 8-12% of individuals with 

myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML), and this percentage 

increases to 30-40% within those with therapy-related neoplasms1. TP53 mutations or deletions 

are associated with worse response to both intensive chemotherapy1 and venetoclax-based 

therapies2, as well as shorter relapse-free survival following allogeneic bone marrow 

transplantation (alloBMT)3,4. Numerous studies have highlighted that individuals with multi-hit 

TP53 mutations resulting in loss-of-function and complex karyotype (CK) have worse outcomes 

compared to those with mono-allelic mutations and non-CK5,6. Neoplasms with mono-allelic TP53 

mutations can evolve to multi-hit TP53 mutated disease with CK typically via loss of the wild-

type allele which provides survival advantage to mutated clones5. However, while the natural 

history of multi-hit TP53 mutated MDS/AML with CK is well described there are relatively fewer 

studies describing the long-term outcomes of patients with mono-allelic TP53-mutated 

MDS/AML5. As a result, the incidence of evolution to CK disease among MDS/AML patients with 

mono-allelic TP53 mutations and the contributing risk factors are largely unknown. Here, we 

analyzed a retrospective cohort of 25 consecutive patients with MDS/AML harboring mono-allelic 

TP53 mutations treated at a single center and assessed the outcome, rate of complete TP53 loss-of 

function associated with an acquisition of CK and therapeutic modalities associated with this 

process. The study was conducted in accordance with the Declaration of Helsinki, and the protocol 

was approved by Johns Hopkins Institutional Review Board (IRB00228638).  

For this study, a mono-allelic TP53-mutated disease was defined as a single TP53 

mutations with variant allele frequency (VAF)<40% and the absence of CK and alterations in 

17/17p. Even though a definitive exclusion of small subclones with multiple mutations or 17p 

LOH was not possible, this combination minimized the risk of including patient with frank biallelic 



mutation or 17p LOH7,8. Conversely, multi-hit TP53-mutated disease was defined as CK and/or 

VAF> 40%, as studies suggest that this profile significantly increases the possibility of a completed 

loss-of-function via biallelic mutations or mutation with 17p LOH 7,8. Since bulk NGS analysis 

could not differentiate between biallelic mutations and multiple clones with single mutation, those 

with two TP53 mutations were ultimately excluded from the analysis. 

A total of 282 individuals with MDS/AML with TP53 mutations evaluated at Johns 

Hopkins University Hospital between 1/1/2014 and 2/1/2025 were identified. All mutations were 

assessed from clinical bulk DNA sequencing. All the TP53 mutations were reported as somatic 

based on their presence in COSMIC database and variant allele frequency. Among those, 209 

(74.1%) were found to have CK with or without 17/17p alterations at diagnosis. Out of the 

remaining 73, 48 (65.7%) had TP53 mutation with VAF ≥40% suggesting deletion copy-neutral 

loss-of-heterozygosity of 17p , or they had two or more TP53 mutations9 (Supplementary Figure 

1A). As a result, 25 patients with MDS/AML and likely mono-allelic TP53 mutations (sole 

mutation with VAF <40% and non-CK) were identified (Supplementary Figure 1A). The median 

(range) age at diagnosis was 65.4 years (23.3 – 88.2 years) and 13 patients (52%) were females. 

Seventeen patients (68%) had MDS at diagnosis, and 8 (32%) had AML. Importantly, 8 individuals 

(32%) had history of cytotoxic therapy prior to diagnosis. Most patients had at least one mutation 

in a non-TP53 gene (Figure 1A). All TP53 mutations were limited to the DNA-binding domain 

(Supplementary Figure 1B). The baseline characteristics of the patients and their first- and 

second-line therapies are shown in Supplementary Table 1. Twelve (48%) patients received 

genotoxic therapy during their treatment including 4 (16%) as front-line therapy, 3 as a salvage 

genotoxic therapy, 1 (4%) as salvage therapy alone and 7 (25%) as transplant conditioning only.  



The median (range) follow up was 19.6 months (5.4 – 118 months). Among the patients 

with available response data (21 patients), 13 patients (61.9%) achieved complete remission with 

or without complete count recovery (CR/CRi) or partial remission (PR) and 8 patients (38.1%) had 

stable or progressive disease (SD/PD). Eighteen patients had longitudinal assessment of their TP53 

mutational burden at diagnosis and following first-line therapy. Eight patients (44.4%) had >50% 

reduction of TP53 VAF. Out of the 8 patients who received second line therapy, 6 (75%) achieved 

a CR/CRi/PR. In total, 10 individuals (40%) underwent alloBMT. Seven (70%) in CR1 and 3 

(30%) in CR2 or later. Six patients (24%) had disease relapse following remission (3 patients, 

50%) or alloBMT (3 patients, 50%). The overall survival (OS) at 5 years was 32.8% for the entire 

cohort (Figure 1B), 31.2% in AML and 35.7% in MDS patients (Supplementary Figure 1C).  

In total 5 patients (20%) developed CK. Among them, 3 (60%) had AML and 2 (40%) had 

MDS. Three of these patients (60%) were found to have CK disease at relapse following alloBMT 

and the other 2 (40%) were found to have CK disease following first line therapy. Notably, these 

patients accounted for 83% (5 of 6) of the relapsed individuals. The characteristics of the cohort 

of patients who developed CK are shown in Table 1. Patients who developed CK disease had 

significantly inferior overall survival (HR=13.6; 95% CI 3.5-51.9, p < 0.001) (Figure 1C).  

The TP53 VAF at diagnosis and history of genotoxic therapy were evaluated as factors 

possibly contributing to the evolution of mono-allelic TP53 mutated MDS/AML to CK disease. 

TP53 VAF of 10% was used as a cut-off point based on recent data supporting that TP53 VAF 

>10% is associated with significantly worse outcomes among patients with MDS and treatment-

related myeloid neoplasms10,11. Patients with a TP53 VAF > 10% at diagnosis had a higher 

incidence of CK disease, although the difference was not statistically significant (p = 0.08) (Figure 

1D). Four out of 5 individuals (80%) who developed CK received genotoxic therapy following 



their initial diagnosis either as part of their induction therapy (7+3, 50%), or conditioning regimen 

(50%). In total 4/12 (33.3%) patients who received genotoxic therapy developed CK disease 

compared to 1/13 (7.7%) among those who did not receive genotoxic therapy (Supplementary 

Figure 1D). Time-dependent survival analysis of patients who received treatment other than 

supportive care (n = 22) showed that recipients of genotoxic therapy had increased incidence of 

CK disease (HR=9.9; 95% CI 1.0-101.0, p = 0.05) (Figure 1E). 

The karyotype for each of the 5 patients who developed CK disease had at least 7 

abnormalities at the time of evolution, and 3/5 (60%) demonstrated loss of 17/17p. The remaining 

2 patients had an increase in their TP53 mutational burden to >50% VAF indicating a copy neutral 

loss of heterozygosity (CN-LOH) or microdeletion of the wild-type allele. In most of these 

patients, the TP53 mutated clone expanded during progression to CK (Figure 2).  

In this retrospective analysis of 25 patients with a single TP53 mutation and no evidence 

of CK or 17/17p alteration MDS/AML, we observed that clonal evolution to CK after genotoxic 

therapy is common affecting 20% of patients across the entire cohort, 33% of individuals who 

received genotoxic therapy and 83% of relapsed patients and is associated with significantly poorer 

survival. Patients with TP53 VAF >10% appear to be at a higher risk, particularly when treated 

with genotoxic chemotherapy (80% of progression to CK) which is consistent with prior studies 

in patients with MDS10 and therapy-related myeloid neoplasms11. Moreover, we demonstrated that 

individuals who received genotoxic therapy as part of their treatment are at a significantly higher 

risk of progressing to CK disease.  

Of note, 83% percent of relapsed patients in our cohort developed CK disease with a concurrent 

17p LOH. The most plausible explanation is therapy-induced random loss of 17p, which in persons 

with heterozygous TP53 mutation leads to a loss of WT allele, and thus the p53 function12,13. The 



clones without functional p53, avert apoptosis despite numerous structural chromosomal defects 

resulting in CK5,12. Of note, none of the patients who progressed to CK disease acquired new TP53 

mutations suggesting that loss of the wild-type allele under genotoxic stress is the most common 

mechanism. The fact that the incidence of CK disease was higher among patients who received 

genotoxic therapy either as first or second line therapy or as part of their conditioning supports the 

hypothesis that genotoxic therapy may induce evolution of TP53-mutated clones via WT allele 

loss.  

Our study has several limitations. First, despite screening 282 patients with TP53-mutated 

MDS/AML, we identified only 25 MDS/AML patients with likely mono-allelic mutations and 

without evidence of loss-of-TP53 function based on their chromosomal findings. The small size 

of our cohort precludes comparative statistical analyses. Moreover, our cohort was heterogeneous 

with regards to disease biology including patients with various blast percentages. Additionally, 

since TP53 mutations were assessed from bulk DNA sequencing data and single-cell sequencing 

was not performed, we have based the distinction between mono-allelic and multi-hit TP53 

mutated cases solely on VAF and absence of CK or 17/17p deletions. Cases with two mutations 

were excluded to reduce the risk of including cases with loss-of-function of TP53. As a result, 

confirmation of mono-allelic status of TP53 mutations at the single cell level is missing from our 

analysis.  

In conclusion, our study demonstrates that patients with single TP53 mutation remain at 

considerable risk of progressing to CK disease particularly with VAF >10% when treated with 

genotoxic agents. Thus, non-genotoxic regimens may be a preferable choice for these individuals. 

Further investigation in larger prospective cohorts is warranted to better define this risk and the 



contributing factors and sequencing at single cell level is required to better understand the 

underlying biologic mechanisms.  
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Table 1. Baseline characteristics of patients who progressed to CK TP53-mutated AML/MDS 

Characteristics N = 5 (%) 

Sex 

Females 

Males 

 

2 (40) 

3 (60) 

Disease 

AML 

MDS 

 

3 (60) 

2 (40) 

Karyotype at diagnosis 

Normal 

Two chromosomal abnormalities 

 

3 (60) 

2 (40) 

TP53 mutation VAF at diagnosis median, range 20.6, 10.02 – 35.62  

Transformation time 

Post-induction and consolidation 

Post-AlloBMT 

 

2 (40) 

3 (60) 

TP53 mutation VAF above 50% at CK 2 (40) 

17/17p deletion at complex karyotype 3 (60) 

 

  



 

Figure Legends 

Figure 1. Evolution of mono-allelic TP53-mutated myeloid neoplasms (single mutation, 

VAF<40%, no CK) to CK disease is associated with higher VAF at diagnosis and genotoxic therapy 

and negatively impacts overall survival. A. Mutational landscape and cytogenetic abnormalities of 

the cohort, stratified AML and MDS. B. Cohort overall survival (5yr OS: 32.8%). C. Comparison 

of the overall survival between patients who developed CK disease and those who did not. D. 

Incidence of Complex Karyotype, stratified by baseline TP53 Variant Allele Frequency. High TP53 

Variant Allele Frequency was defined as VAF > 10%. E. Incidence of Complex Karyotype 

stratified by treatment with genotoxic therapy following MDS/AML diagnosis.  

Figure  2. Karyotype Evolution and TP53 VAF %Variant Allele Frequency (VAF) Progression in 

patients who developed CK disease (N=5). 

 







Supplementary Table 1: Clinical and Demographic Characteristics of Patients with Mono-

allelic TP53-Mutated MDS/AML with Non-Complex Karyotypes  

Characteristic  N = 25 (%)  

Sex  

Female  

Male  

  

13 (52)  

12 (48)  

Age at diagnosis  65.4 years (23.3 – 88.2 years) 

Diagnosis  

AML  

MDS  

  

8 (32)  

17 (68)  

Treatment-related  8 (32)  

Blasts%, range  7.5 (0-90)  

CNS disease  3 (12)  

Karyotype  

Good  

Intermediate  

Poor  

  

20 (80)  

4 (16)  

1 (4)  

TP53 variant allele frequency %, range  15 (2.54 – 38.8)  

Prognostic score  

ELN 2024 for AML  

Intermediate  

Adverse  

R-IPSS-M for MDS  

  

  

2 (25)  

6 (75)  

-0.3 (-1.48 – 1.36) 

First line therapy  

Intensive chemotherapy  

HMA-based therapy  

Lenalidomide  

IDH inhibitor alone 

Growth factors  

Luspatercept 

Supportive care 

  

4 (16)  

15 (60)  

1 (4)  

1 (4)  

1 (4)  

1 (4)  

2 (8) 

Second line therapy (N=8) 

Chemotherapy 

HMA-based therapy 

 

4 (50) 

4 (50) 

 

 

 

 

Supplementary Material



Supplementary Figure 1. A. Patient selection flowchart and inclusion criteria for the final cohort of 25 

patients with MDS/AML harboring monoallelic TP53 mutations (VAF <40% and non-CK/17/17p 

alterations). B. Distribution of TP53 mutations within the cohort and their location within the DNA Binding 

Domain. C. Kaplan Meier Overall Survival Curve, stratified by disease subtype of AML (5yr OS: 31.3%) 

and MDS (5yr OS: 35.7%).  
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Supplementary Figure 2. Swimmers plot showing the first use of cytotoxic therapy, development of CK, 

and death in patients receiving treatment other than supportive care. Abbreviations: AML, acute myeloid 

leukemia; MDS, myelodysplastic syndrome; CK, complex karyotype; HMA, hypomethylating agent; Ven, 

venetoclax; EPO, erythropoietin; Lusp, luspatercept; Len, lenalidomide; Ceda, cedazuridine; Hyd, 

hydroxyurea; 6MP, 6 mercaptopurine; HiDAC, high-dose ara-C; T1, first line of therapy; T2, second line 

of therapy. 
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