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Myelodysplastic syndrome (MDS) with TP53 mutations has a poor prognosis after transplantation, and novel therapeutic means are urgently needed. Decitabine (Dec) monotherapy has demonstrated improved overall response rates in MDS and acute myeloid leukaemia, although these responses were not durable. This study aimed to preliminary evaluate the efficacy of a Dec-containing allogeneic haematopoietic stem cell transplantation (allo-HSCT) preconditioning regimen in TP53-mutant MDS. Nine patients with TP53-mutant myelodysplastic syndromes received the decitabine-containing preconditioning regimen and subsequent myeloablative allo-HCT between April 2013 and September 2021 in different centres. At a median follow-up of 42 months (range, 5 to 61 months), the overall survival (OS) was 89% (8/9), progression-free survival (PFS) was 89% (8/9), and relapse incidence was 11.1%. The incidence of severe acute (grade III-IV) graft-versus-host disease (GVHD) was 22.2% (2/9) and that of chronic moderate-to-severe GVHD was 11.1% (1/9). The 1-year GVHD-free/relapse-free survival (GRFS) was 56% (5/9). In conclusion, we found real-world clinical data that supports the use of a Dec-containing preconditioning regimen before allo-HSCT for possible improved outcomes in TP53-mutant MDS patients; there is therefore an urgent call for an in-depth exploration of the involved mechanism to confirm these preliminary findings.
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Introduction

TP53, a tumour suppressor gene, plays a vital role in tumour inhibition through regulation of cellular senescence, apoptotic pathways, metabolism functions and DNA repair (1). TP53-mutant myelodysplastic syndrome (MDS) accounts for 5–10% of de novo MDS and 25–30% of therapy-related MDS, which is associated with worse outcomes (2–4). Allogeneic haematopoietic stem cell transplantation (allo-HSCT) is the only potentially curative treatment for MDS (5). However, TP53 mutations have also been shown to predict inferior outcomes for patients undergoing allo-HSCT owing to a high risk of relapse; the 3-year survival rate for these patients is still less than 20% (6, 7). Also, the median overall survival for these patients is typically less than 6 to 8 months (8). Even an escalated intensity of the conditioning regimen would fail to improve outcomes of patients with TP53-mutated MDS (5). Although BCL2 inhibitors have improved the treatment outcomes of patients with myeloid tumours (9, 10), AML patients with TP53 mutation still remain at high risk of drug resistance to venetoclax-based regimens (11, 12). Further, there are no US Food and Drug Administration–approved targeted therapies for the subset of patients with TP53 mutation. At the end of 2020, the leading targeted pharma-eprenatapopt (APR-246) missed the primary end point in phase 3 data, leaving us with no precision approaches for TP53-aberrant myeloid neoplasms (13). Nowadays, clinical trials regarding the nutlin analogs (MDM2 inhibitors), magrolimab (anti-CD47 antibody), and sabatolimab (TIM-3 antibody) are in the pharmacologic pipeline for treating TP53-mutant myeloid neoplasms (13). However, these novel targeted therapies may not eradicate the malignant hematological tumor stem cells, that is to say, only consolidative transplantation with curative intent possibly offers the highest chance of long-term survival for TP53-mutated patients. Therefore, the need for novel therapies pro and post transplantion is highlighted to improve the outcome of patients with TP53-mutated MDS. Given that TP53 clones are the major drivers of relapse for MDS patients, treatment before and after allo-HSCT to help patients get lower reduce recurrence and better OS may include: TP53 mutational clearance before transplantation (14), improvement of conditioning regimen during transplantation, and MRD (measurable residual disease)-adapted and maintenance strategies in the post-transplantation setting (15).

Decitabine (5-aza-2’-deoxycytidine), a cytosine analog, has promising clinical efficacy in the treatment of MDS, with evidence of hypomethylation and a favorable toxicity profile. Early studies have shown that 10-day courses of decitabine (Dec) resulted in an increased response rate in MDS with TP53 mutations, but rapid relapse resulted in no long-term benefit for patients (16). This study clarified that the short remission may result from incomplete clearance of leukaemia cells bearing the pathogenetically relevant driver mutations (16). Therefore, Dec shows unique therapeutic potential for TP53-mutation MDS but still needs to be improved. The addition of Dec to the conditioning regimen of allo-HSCT appears to be a reasonable improvement strategy, as allo-HSCT can achieve deeper remission with intensive chemotherapy and graft-versus-leukaemia (GVL) effect. The addition of Dec to the preconditioning regimen of allo-HSCT in our center exhibited good efficacy and safety for refractory or recurrent acute myeloid leukaemia (AML) (17). Additionally, a recent study also found that a Dec-containing preconditioning regimen may improve poor prognostic factors caused by poor-risk gene mutations in MDS and myeloproliferative neoplasms (18). Our study aimed to preliminary evaluate the efficacy of a Dec-containing allo-HSCT preconditioning regimen in TP53-mutant MDS. Therefore, 9 MDS patients with TP53 mutations who had undergone allo-HSCT were retrospectively analysed and compared.



Materials and methods


Study design and patients

Nine patients were selected in a consecutive manner between April 2013 and September 2021 in different centres (the Fifth Medical Centre of Chinese PLA General Hospital and the First Medical Centre of Chinese PLA General Hospital). During this period, study subjects who met the inclusion criteria (patients with TP53-mutant MDS who underwent allo-HSCT with decitabine-containing preconditioning regimen) were all included. All detected gene mutations were of somatic origin assessed by next generation sequencing (NGS). Detailed data were collected and recorded in standardised electronic forms and integrated by an experienced data administrator.

All patients were diagnosed according to the 2016 World Health Organization MDS Classification (19) and were evaluated using the IPSS-R risk categories (20). Allo-HSCT was performed immediately after the diagnosis of MDS in low- and high-risk categories, or upon indication for transplantation. Clinical data were acquired and collected prospectively, and retrospectively analysed. Approval for the study and sharing data with the coordinating institution was granted by the Fifth Medical Centre of the PLA General Hospital (No. KY-2019-12-57).



Conditioning regimens

Myeloablative conditioning regimens were administered to all patients. Dec-containing regimens included Dec plus BU plus CY or Dec plus Flu plus Bu. Dec/BU/CY was administered as follows: Dec 25 mg/m2/d on day −11 to −9, BU 0.8 mg/kg q6h intravenously on day −7 to −4, and CY 60 mg/kg/day on day −3 to −2. Dec/Flu/Bu was administered as follows: Dec 25 mg/m2/d on day −11 to −9, FLU 30 mg/m2/d on day −8 to −4, and BU 0.8 mg/kg q6h intravenously on day −7 to −4.



Prevention and management of GVHD

Patients who received HLA-matched transplants from siblings were administered cyclosporin A (CSA, 1.5 mg/kg/day intravenously until haematopoietic reconstitution, and thereafter orally to maintain blood concentrations between 150 and 200 ng/ml) and methotrexate (MTX, 15 mg/m2 on day +1, 10 mg/m2 on day +3, and day +6). Antithymocyte globulin (2.5 mg/kg/day on day -4 to -2), CSA, MMF (1.5 g/m2/day on days 0–28), and a brief course of MTX were administered to patients receiving HLA-mismatched transplants. CSA, a brief course of MTX, MMF, and balliximab (an anti-CD25 antibody) were administered to patients receiving unrelated grafts.



Supportive care

All patients were treated in sterile laminar flow wards. To prevent viral infections and a Pneumocystis carinii infection, ganciclovir and trimethoprim sulfamethoxazole were routinely administered. Patients with and without invasive fungal infections were administered primary effective antifungal drugs and prophylactic fluconazole, respectively. Patients with platelet counts < 20 × 109/L received transfusions of leukodepleted and irradiated platelets, while those with haemoglobin levels < 70 g/L received transfusions of leukodepleted and irradiated red blood cells. A combination of alprostadil, ursofalk, and heparin was used to prevent liver veno-occlusive disease.



Definitions and assessments

The time from transplantation to any cause death or the last follow-up was defined as OS. Progression-free survival (PFS) was defined as the time from transplantation to the date of relapse or any-cause death. Relapse events were evaluated according to the International Working Group criteria (21). NRM and relative risk were defined based on standard criteria (22). The criteria defined by Przepiorka et al. were used to diagnose and grade acute GVHD (23). The National Institutes of Health scoring system was used to define chronic GVHD (21, 24). GVHD-free/relapse-free survival (GRFS) events were defined as grade 3–4 aGVHD or cGVHD requiring systemic immunosuppressive treatment, disease relapse, or any-cause death during the first 12 months after allogeneic HCT (25). The first three consecutive days with an absolute neutrophil count > 0.5 × 109/L indicated neutrophil recovery. Platelet recovery was defined as the first seven days with an untransfused platelet count of > 20 × 109/L.



Statistical analysis

The Kaplan–Meier method was used to calculate survival curves, and the log-rank test was used to compare differences. Normally distributed data are presented as the mean ± standard deviation (SD), whereas non-normally distributed data are presented as the median. Statistical Package for the Social Sciences (SPSS; version 26.0) for Windows (SPSS, Chicago, IL) and GraphPad Prism version 9.2.0 were used for all statistical analyses (GraphPad Software, La Jolla, CA). A two-tailed p value of < 0.05 indicated statistical significance in all analyses.




Results


Characteristics of patients, diseases, and transplantation

The median patient age at the time of allo-HSCT was 48 years (range, 32-57 years) and the median follow-up time after transplantation was 42 months (range, 32 to 57 months). Table 1 summarises the patient characteristics. None of these 9 patients received venetoclax as part of initial therapy. All patients underwent allo-HSCT after the 3-day Dec-containing myeloablative conditioning regimens and received peripheral blood-derived donor stem cells at a mean dose of 5.86 × 106/L CD34+ cells. A total of six patients (67%) were diagnosed as MDS-RAEB (refractory anaemia with excess blasts) while the other three patients were diagnosed as MDS-MLD (multiple lineage dysplasia), MDS-RS (ring sideroblast)-MLD and MDS-5q- (MDS associated with isolated del(5q)) respectively. According to the IPSS-R for evaluating prognosis in MDS, four patients (44%) were in poor classification, and five patients (52%) were in very poor. Supplementary Table 1 show the distribution of TP53 mutations and VAF in the training set. And the full set of mutations on each patient as determined by an NGS panel was provided in Supplementary Table 2.


Table 1 | Patient and transplantation characteristics.





Engraftment and GVHD

Table 2 lists the main events after allo-HSCT. All patients (9/9) had successful neutrophil engraftment after a median of 13 days (range, 12–18 days). At a median of 15 days (range, 12–20 days), platelet engraftment was completed in 100% of patients (9/9). In total, five patients (56%) developed aGVHD; of them, three patients (33%) and two patients (22%) had grade I–II and III–IV aGVHD, respectively. The most common site of aGVHD is skin (44%, 4/9), followed by digestive tract (11%, 1/9) and liver (11%, 1/9). The incidence of mild chronic GVHD was 67% (6/9) and that of moderate-to-severe cGVHD was 22% (2/9).


Table 2 | Outcomes after allo-HSCT.





Outcomes

At a median follow-up of 42 months (range, 5 to 61 months), the overall survival (OS) was 88.9% (8/9) (Figure 1A) and the average survival time is as long as 31 months (the median survival time has not been determined). None of the 9 patients received any form of maintenance therapy after transplantation. The progression-free survival (PFS) was 88.9% (8/9) (Figure 1B), and relapse incidence was 11.1% (Figure 1C). Two months after the recurrence, the patient died of progressive disease. Of the 9 patients, there has been no non-relapse mortality death so far (NRM, 0). The incidence of severe acute (grade III-IV) graft-versus-host disease (GVHD) was 22.2% (2/9) and that of chronic moderate-to-severe GVHD was 11.1% (1/9). The 1-year GRFS was 55.6% (5/9) (Figure 1D). The specific clinical and cytogenetic characteristics of nine patients are described in Tables 3 and 4, and Supplementary Tables 1. All patients were diagnosed with MDS with a high or extremely high IPSS-R risk status. Although six patients of the nine patients received matched sibling donor allo-HSCT, the other three patients received alternative donor allo-HSCT. As we can see in Table 3, patient 5 and patient 7 achieved complete remission after receiving pre-transplant cytoreductive therapy. Because the significance of TP53 mutation as NGS-MRD marker for MRD detection in AML and MDS is not clear (26), the retesting of TP53 status before transplantation is not routinely carried out in our two centers.




Figure 1 | OS (A) and PFS (B) and relapse (C) and 1-year GRFS (D) after conditioning with decitabine at a median follow-up of 42 months after allo-HCT.




Table 3 | Characteristics of the nine patients.




Table 4 | Cytogenetic characteristics of the nine patients.






Discussion

TP53 is a key tumour suppressor gene involved in fundamental biological processes required for genomic stability and is recurrently mutated in a subgroup of MDSs and AML (8). It has been proven to be an adverse marker in the prognosis of AML and MDS patients and is associated with an increased proportion of blasts in the bone marrow, thrombocytopenia, complex karyotypes, and resistance to lenalidomide, hypomethylating agents, and allo-HSCT, all of which result in poor outcomes for MDS cases with TP53 mutations (2). Interestingly, recent clinical trials have demonstrated that patients with MDS harbouring TP53 mutations displayed favourable responses to treatment with Dec (16, 27). This case series assessed the efficacy of Dec-containing preconditioning regimen for MDS with TP53 mutation. Surprisingly, after transplantation, 8/9 of the MDS patients in the Dec group with TP53 mutations survived (median follow-up, 42 months; median overall survival, undefined). The PFS was 89% (8/9) and relapse incidence was 11.1%. Consistent with previous reports (17, 20, 28), it is seen that this scheme has good safety and feasibility. The incidence of severe acute (grade III-IV) graft-versus-host disease (GVHD) was 22.2% (2/9) and that of chronic moderate-to-severe GVHD was 11.1% (1/9). The 1-year GRFS, which really reflects the quality of life of patients after transplantation has also reached 56% (5/9). Our preliminary results showed such strategy is feasible and highly effective.

The recent findings suggest that the allelic state of TP53 is important for MDS prognosis, and this evaluation can be done by a combination of karyotyping and NGS. There is difference in the outcome when TP53-mutated patients had monoallelic mutations or had multiple hits (multi-hit) consistent with biallelic targeting (include three TP53-mutant subgroups: multiple mutations without deletion or copy-neutral loss of heterozygosity [cnLOH] affecting the TP53 locus, mutation(s) and concomitant deletion,mutation(s) and concomitant cnLOH). The evaluation of allelic state TP53 should be done by a combination of karyotyping (Conventional G-banding analysis, CBA) and NGS. TP53 multi-hit state predicted risk of death and leukemic transformation independently of the IPSS-R. Even worse, it is more difficult for multi-hit patients to get an effective response after treatments (29). In this multicentre study, 5/9 (Patients 2, 5, 6, 8 and 9) of the patients in our study had multi-hit TP53 mutations, which predict the risk of death and leukemic transformation independently of the IPSS-R (29). Unfortunately, due to the limitation of CBA testing technology, some of the patients in our data could not be tested for regions of copy-neutral loss of heterozygosity. Therefore, it is impossible to determine whether the other four cases (Patients 1, 3, 4 and 7) had multiple hits. Besides, Patient 3 and 4 have high VAF (>50%) which was strongly correlated with biallelic targeting and poor outcomes (30). Patient 3 was associated with del(5q), while both Patients 4 and 7 had complex karyotypes, and all of them are complicated with a high TP53 variant allele frequency. All of these factors have been identified as poor prognostic factors of TP53 mutation in different reports (7, 29, 31–35). Therefore, from the perspective of TP53 mutation frequency, accompanying chromosome karyotype, and allele status characteristics, at least 8/9 of patients(Except for patient 1) with TP53 mutations were comprehensively evaluated as patients with extremely poor prognostic outcomes.

The mechanism by which Dec treats TP53-mutant MDS is currently unclear. It has been reasonably suggested that Dec may increase the sensitivity of AML/MDS patients with TP53 mutations to treatment (16). However, canonical methylation signatures driven by TP53 mutations have not been identified to explain this sensitivity to Dec (16). Wang et al. found that patients who relapsed after allo-HSCT had significantly greater levels of methylation at TP53 than those in the non-relapse group (36). This indicated that TP53 may influence disease relapse through genetic mutations as well as epigenetic methylation pathways. Importantly, this result emphasises the prognostic importance of the methylation level of the TP53 gene and provides preliminary evidence to guide future research. Further studies on the correlation between methylation levels and prognosis of MDS patients with TP53 mutations will be helpful in understanding the unique mechanism of Dec in patients with TP53 mutations. A recent pre-clinical study in vitro suggested that busulfan (BU) plus cyclophosphamide (CY) plus Dec is synergistically cytotoxic to acute myeloid leukaemia (AML) cells regardless of the P53 status (P53-null or P53-wild-type) (31). They explained this sensitizing effect may owing to the molecular interactions between DNA alkylation and epigenetic modification events. Therefore, we can speculate that transplantation with a Dec-containing preconditioning regimen may further increase the depth of remission by chemotherapy synergy (37) and enhance the GVL effect (18, 38–40) on the basis of Dec sensitization, which needs to be confirmed by further studies.

To the best of our knowledge, there has no published data of azacytidine, another hypomethylating agent, as part of the preconditioning regimen before HSCT. Considering the extremely poor prognosis of patients with TP53 mutations, this paradigm of combination therapy also provides a novel strategy to reinforce the efficacy for other new drugs, such as MDM2 inhibitors, magrolimab, and sabatolimab. However, its rationality as part of a preconditioning regimen should be validated in preclinical studies first.

Although our report shows that there might be a subset of patients with TP53-mutant MDS, who derive benefit from Dec-containing conditioning regimen transplantation, it has limitations owing to its limited sample size. For example, the high rate of severe (grade III-IV) acute GVHD in our cohort (2/9, 22%) may also be caused by its statistical limitation of small sample size. However, given the low incidence of TP53 mutations in MDS, the high median age at onset (only a few patients are eligible for allo-HSCT), and the significantly increased detection rate of TP53 mutations in elderly patients (41), greater consideration for our findings is warranted. Similarly, the reason why the median age in our study was 48 years (lower than the median age of onset) is that only the patients who received allo-HSCT were included in our study, so relatively elderly patients were excluded. Besides, compared with the age of onset in western patients (more than 70 years old), the median age of onset in China is relatively younger (49-62 years old) (42–44). Lastly, the retrospective nature of our study might cause bias in interpretation of the data. So, further large-scale, prospective researches are required to corroborate the benefit of this novel therapy such that clinicians can apply this therapy for in an evidence-based manner.

In conclusion, our real-world clinical data support that Dec-containing preconditioning regimen before allo-HSCT is highly effective in TP53-mutant MDS patients and urgently call for mechanism and randomised prospective clinical studies to confirm these preliminary findings.
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