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Background

The widespread adoption of Allogeneic Hematopoietic Stem Cell Transplantation (Allo-HSCT) has significantly improved the survival rates of patients with hematological malignancies. However, Graft-Versus-Host Disease (GVHD) remains a formidable complication, threatening patient prognosis. Recent research has indicated that decitabine (DAC), known for its hypomethylating properties may also exhibit immune-regulatory capabilities and a potential for reducing GVHD incidence and enhancing survival.





Methods

We retrospectively reviewed data from AML/MDS patients who underwent Allo-HSCT at our center from January 2010 to January 2023. From a total of 251 patients with complete data, we employed propensity score matching (PSM) to create 100 matched pairs (200 patients) for comprehensive trial analysis. Patients receiving low-dose DAC-containing regimen were matched with those who did not receive DAC.





Results

Patients in the DAC group exhibited a significantly lower incidence of grade II-IV acute GVHD (aGVHD) compared to non-DAC group (21% vs. 38%, P=0.013). Univariable and multivariable logistic regression analysis demonstrated DAC intervention as a protective factor against grade II-IV aGVHD (P=0.017, OR=0.47, 95% CI 0.23-0.81; P=0.018, OR=0.46, 95% CI 0.24-0.87). Multivariate competing risk regression further supported administration of decitabine as a protective factor against grade II-IV aGVHD (P=0.038, SHR=0.53, 95%CI 0.29-0.97). There was no significant difference between both groups concerning chronic GVHD, infection, disease relapse, overall survival, disease-free survival and GVHD free, relapse free survival. In MRD negative or intermediate risk subgroup, the grade II-IV aGVHD ameliorating effect of DAC was confirmed as well.





Conclusion

Low-dose DAC-intensified modified conditioning regimen could improve prognosis in AML/MDS Patients treated with allogeneic hematopoietic stem cell transplantation.
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1 Introduction

AML and MDS represent two major myeloid clonal diseases characterized by uncontrolled hematopoiesis, aggressive disease progression, and dismal prognosis. The natural course of AML and high-risk MDS is remarkably short, often less than six months. Epidemiological studies have reported a sobering 5-year survival rate of only 24-28.3% for AML patients, with median survival for higher-risk MDS patients being less than 3 years (1–3). Allogeneic hematopoietic stem cell transplantation (allo-HSCT) offers a potential cure for AML and intermediate and high-risk MDS patients, raising the 3-year overall survival to approximately 80% (4). However, the positive impact of transplantation is offset by post-transplantation complications, including graft versus disease (GVHD), disease relapse and virus reactivation, leading to a decline in the 5-year overall survival (OS) rate to around 30%. Among these complications, GVHD stands out as the most common and threatening, prompting extensive efforts in prevention and treatment. Nevertheless, the current consensus on GVHD management need to be refined and enhanced.

Hypomethylating agents (HMAs) have found extensive use in consolidation and bridging chemotherapy owing to their impact on hematologic malignancies through methylation regulation. Apart from their relative low toxicity and considerable effectiveness as antitumor therapy (5, 6), researchers have discovered their potential in epigenetically modulating immune responses (7). Notably, hypomethylating agents have been integrated into hematopoietic stem cell transplant protocols for AML/MDS treatment, resulting in significant progress (8–10). Among them, decitabine (DAC), a pyrimidine analogue, has drawn popular attention. A multicenter randomized control study demonstrated that hypomethylating drugs such as DAC could augment the graft versus leukemia (GVL) effect, thereby reducing the risk of relapse through the activation of natural killer (NK) cells and CD8+T cells (8). Additionally, a retrospective cohort trial revealed that incorporating decitabine into the traditional conditioning regimen could alleviate grade II-IV acute GVHD (aGVHD) and improve survival (11). However, a study from University of Wisconsin highlighted a potential association between decitabine administration and infection, which may influence the positive effects of DAC. Despite advancements in recent years, due to the limited scale of current studies, a consensus has not yet to be reached regarding the benefits of decitabine-containing regimens for AML/MDS patients undergoing HSCT. Moreover, variations in DAC dosage among studies have contributed to discrepancies in observations, making it challenging to evaluate the efficacy of DAC accurately.

In this study, our aim was to investigate the potential impact of incorporating low-dose decitabine into the conditioning regimen on the prognosis of patients undergoing allo-HSCT. To achieve this, we conducted a comprehensive retrospective analysis of data spanning over ten years from our center. Our analysis included an examination of baseline characteristics, engraftment, HSCT-related complications, and survival outcomes. The conclusive findings from our investigation demonstrated that a low-dose decitabine-containing regimen had a positive effect, alleviating acute GVHD and ultimately leading to improved patient prognosis.




2 Methods



2.1 Patients

Between January 2010 and January 2023, we conducted a retrospective data collection of AML/MDS patients who underwent allo-HSCT at the Bone Marrow Transplant Ward of Peking University First Hospital. From this pool of patients, we selected 251 individuals with relatively complete data. Among them, 125 patients received a conditioning regimen containing decitabine, while 126 patients did not receive decitabine as part of their regimen. To ensure balanced comparison between the two groups, we employed propensity score matching (PSM) analysis. Gender, age, diagnosis, donor type, conditioning regimen, and bone marrow blast count before transplantation were included in the matching process as covariates. A 1:1 matching ratio was applied, and the caliper width was set at 0.1. As a result, a final cohort of 200 patients was enrolled for the study. Ethical considerations were diligently observed throughout the study, which was conducted in accordance with the principles outlined in the Declaration of Helsinki. The Review Board of Peking University First Hospital provided approval for the study (No. 2023-432).




2.2 Conditioning regimen

The conditioning regimen for our study was determined based on either Bu/Cy or Bu/Flu, in accordance with the consensus on allogeneic hematopoietic stem cell transplantation for hematological diseases, as recommended by the Chinese Society of Hematology. Additionally, we took into account our institution’s previous protocol while formulating the conditioning approach for this research (4, 12). The concrete procedure was as follows: patients received cytarabine at a dose of 2g/m2/d intravenously for 3 days, busulfan at a dose of 3.2mg/kg/d intravenously for 3 days, and cyclophosphamide at a dose of 1.8g/m2/d intravenously for 2 days. Other than regimen based on Bu/Cy above, patients could receive Bu/Flu protocol including intravenous fludarabine at a total dose of 200mg/m2, and equal dose of Bu and cytarabine as the Bu/Cy protocol. Rabbit anti-thymocyte globulin (ATG) was administered intravenously 3 days before stem cell infusion as previous reported (11). For haploidentical transplant or MUD transplant, ATG was administrated as a total dose of 7.5mg/kg. For MSD donors with recipients age over 40 years, a total dose of 5mg/kg was administrated. Decitabine group additionally received intravenous decitabine at a dose of 15mg/m2 daily for 5 days before cytarabine administration.




2.3 GVHD prevention and treatment

The prevention protocol comprised cyclosporin A (CsA), mycophenolate mofetil (MMF), and short course methotrexate (MTX). The specific details were as follows: CsA was administered at a daily dose of 5mg/kg iv., starting 6 days before transplantation, aiming for an optimal serum trough concentration range of 150-250ng/mL. When digestive symptoms alleviated, CsA was taken orally. According to EBMT and Chinse consensus of allo-HSCT, CsA was usually administered for 3 months after HSCT and then gradually reduced to discontinuation in 6-9 months. While the course and dose should be adjusted dynamically according to the GVHD and relapse risk (13, 14). Mycophenolate mofetil (MMF) was initiated from the conditioning phase, given twice daily at a dose of 50mg iv. until 1 month post-transplantation. Additionally, on days +1, +3, +5, and +11, MTX was administered at a dose of 10-15mg/m2. Methylprednisolone served as routine therapy for GVHD, with a daily dose of 1-2 mg/kg. In the event of second-line alterations, basiliximab and ruxolitinib were utilized. As for the patients with positive FLT3-ITD mutation, FLT3 inhibitor such as sorafenib and gilteritinib was administrated.




2.4 Definitions and outcome measures

Patients in the study were diagnosed and classified based on the WHO classification of hematolymphoid tumors. For MDS, risk stratification was determined using the revised international prognostic scoring system (IPSS-R), while for AML, risk stratification was conducted following the European Leukemia Net (ELN) recommendations from the 2022 edition (15). The study cohort was divided into two categories: the “relative-intermediate” group, which included patients with IPSS-R scores ranging from 3.5 to 6, and AML patients with intermediate cytogenetic risk; and the “relative-high” group, consisting of patients with IPSS-R scores over 6 and AML patients with adverse cytogenetic risk. Monitoring of measurable residual disease (MRD) includes techniques such as multiparameter flow cytometry (FCM), quantitative PCR, and detection of donor-recipient chimerism status. For cases without specific fusion gene markers, WT1 gene was sequentially tested with the positive threshold set at 0.6% (1.5% for children). In patients with specific fusion genes such as RUNX1/RUNX1T1 and CBFβ-MYH11, corresponding fusion genes will be monitored. A change from negative to positive or a continuous increase in copy number of the fusion gene is considered indicative of a high risk of relapse. 3-log MRD CBF fusion (RUNX1/RUNX1T1 and CBFβ-MYH11) transcripts reduction can be used to discriminate high-risk from low-risk patients. For patients with detectable MRD, a retest is recommended within two weeks. Bone marrow blasts before transplantation is used to describe disease stage. The group of bone marrow blasts before transplant less than 5% contains AML with complete remission status and MDS patients with blasts less than 5%. Others will be divided into the group with blasts over 5%. The observed indicators included neutrophil and platelet engraftment, acute and chronic graft-versus-host disease (GVHD), grade II-IV acute GVHD (aGVHD), cytomegalovirus (CMV) or Epstein-Barr virus (EBV) reactivation, overall survival (OS), disease-free survival (DFS), relapse rate (RR), and GVHD-free relapse-free survival (GRFS). For neutrophil engraftment, we defined it as a neutrophil count exceeding 0.5*10^9/L for three consecutive days. Similarly, platelet engraftment was defined as a platelet count greater than 20*10^9/L for seven consecutive days without requiring platelet transfusion. The diagnosis and grading of acute and chronic GVHD were based on established recommendations and guidelines (14, 16). Acute GVHD was defined and graded according to Glucksberg-Seattle criteria (GSC) involving three organs (skin, liver and gastrointestinal tract) on four scales (17). Chronic GVHD was evaluated referring to criteria of National Institutes of Health (NIH) (18). In this study, we defined relapse as the occurrence of bone marrow blasts exceeding 5% or the presence of extramedullary lesions after achieving remission. Non-relapse mortality (NRM) was characterized as death during the remission period without experiencing relapse. Overall survival (OS) was determined as the time from transplantation until death or missing data, while disease-free survival (DFS) was calculated from the time of transplant until disease relapse or death. GRFS was defined as survival without relapse and grade III–IV acute GVHD (aGVHD) and chronic GVHD (cGVHD) needing immunosuppressive treatment (11).




2.5 Statistical analysis

Data analysis was performed using SPSS version 27 and STATA version 17. Categorical variables were analyzed using the χ2 statistic, while continuous variables were analyzed using the Mann-Whitney test and analysis of variance (ANOVA). For binary variable comparison, both univariate and multivariate Logistic Regression were employed. To compare the cumulative incidence of GVHD, relapse, and NRM, competing risk regression models were utilized. Competing events for GVHD included death or relapse, for NRM it was relapse, and for relapse it was NRM. The Kaplan-Meier method was used to plot OS and DFS curves, and intergroup survival comparison was evaluated using the log-rank test. Cox regression analysis was applied to adjust for any potential biases in survival analysis. Statistical significance was defined as a p-value less than 0.05.





3 Results



3.1 Baseline characteristics

AML/MDS patients who underwent allo-HSCT at our center from January 2010 to January 2023 were screened for the trial. Data of 251 patients among them were collected and analyzed, and we found there was an imbalance of age (P<0.001), measurable residual disease (MRD) (P=0.045), and CD34+ cell counts (P=0.025) between the two groups (Table 1). To overcome the significant differences and make the baseline characteristics of the groups more comparable, we introduced PSM for selection and matched patients at a ratio of 1:1 from aspects of gender, age, diagnosis, donor type, conditioning regimen, and bone marrow blast before transplantation with 0.1 as a caliper width. After the matching course at a ratio of 1:1, 100 pairs (200 patients) were involved in the final trial with no significant difference in the baseline characteristics from aspects of age, gender, diagnosis, HCT-CI, months before transplantation, bone marrow blasts percentage before transplantation, MRD, donor type, graft source, mononuclear, and CD34+ cell counts, ABO compatibility between donor and recipient, conditioning regimen and donor/recipient gender (Table 1).


Table 1 | Baseline characteristics of patients of DAC and non-DAC groups.






3.2 Engraftment and engraftment time

The neutrophil engraftment rate was 98% in the DAC group and 100% in the non-DAC group. Similarly, 93 patients in the DAC group and 99 patients in the non-DAC group reached platelet engraftment. The comparison of neutrophil and platelet engraftment rates between the two groups showed no statistical difference (P=0.497 and 0.071, respectively). The median time for neutrophil and platelet engraftment was 12 (1-25) and 17 (1-180) days, respectively, in the DAC group, while in the non-DAC group, it was 12 (9-29) and 15 (6-270) days, respectively. The hematopoietic engraftment period was found to be comparable between the two groups (P=0.893 and 0.178 for neutrophil and platelet engraftment, respectively). Donor chimerism was tested by day 30 to determine the successful transplant. Donor chimerism over 95% was defined as full donor chimerism. In this cohort, 98 patients in non-DAC group got full donor chimerism by day 30, and donor chimerism of the other two patients was 94% and 92% respectively. For DAC group, 97 patients got full donor chimerism, and the other three patients died within one month after HSCT without chimerism detection. We compared the rate of full donor chimerism by day 30 of the patients, and there was no significant difference between the two groups(P=0.498). Table 2 presents these results.


Table 2 | Engraftment data of DAC and non-DAC groups.






3.3 Complications after HSCT

We conducted a comparison of HSCT-related complications between the DAC and non-DAC groups. The overall incidence of acute GVHD was 38% in the DAC group and 47% in the non-DAC group, showing no significant difference (P=0.198). However, our further analysis revealed that the incidence of grade II-IV acute GVHD (aGVHD) in the DAC group was significantly lower at 21%, compared to 38% in the non-DAC group (P=0.013) (Table 3). While there was a tendency that patients in DAC group experienced lower incidence of grade III-IV aGVHD (P=0.085). We conducted univariate analysis involving age, gender, diagnosis, bone marrow blasts, measurable residual disease, conditioning regimen, donor type, graft type, mononuclear cell counts, and ABO compatibility. Univariate logistic analyses indicated that the administration of decitabine was a protective factor against grade II-IV aGVHD (P=0.017, OR=0.473, 95% CI 0.231-0.813). Multivariate logistic analysis indicated that decitabine remained a protective factor against grade II-IV aGVHD (P=0.018, OR=0.460, 95% CI 0.242-0.875), and haplo-identical donor was a risk factor for grade II-IV aGVHD in comparison to matched sibling donor (P=0.027, OR=4.124, 95% CI 1.175-14.473). The incidence of chronic GVHD (cGVHD) tended to be lower in the DAC group, but the difference did not reach statistical significance (P=0.054). For severe cGVHD, the between-group difference was not significant (P=0.212). We further analyzed the moderate to severe cGVHD and found that moderate to severe cGVHD tended to decrease in DAC group (Table 3). We further conducted competing risk regression analysis (Tables 4, 5). As Figure 1 showed, the incidence of grade II-IV aGVHD was significantly lower in the DAC group (P=0.006) (Figure 1). Univariate competing analysis showed DAC was a protective factor against grade II-IV GVHD (P=0.006, SHR=0.5, 95% CI 0.3-0.84). Female and conditioning regimen with Bu/Flu were protective factors against cGVHD (P=0.01, SHR=2.93, 95% CI 1.29-6.71; P=0.01, SHR=2.57, 95% CI 1.28-5.14, respectively) (Table 4). It was noted that in univariate analysis for grade II-IV aGVHD none of the factors had a P-value below 0.1, except for the administration of DAC. This observation held true in both the univariate logistic regression and the univariate competing risk regression. As a result, we opted to incorporate all potential influencing factors, including age, gender, diagnosis, risk stratification, time elapsed before transplantation, bone marrow blast count before HSCT, MRD status, donor type, graft source, CD34+ cell count, ABO compatibility, conditioning regimen, and the administration of DAC, into the subsequent multivariate analysis. As multivariate competing regression analysis showed in Table 5, administration of decitabine was again confirmed as a protective factor against grade II-IV aGVHD (P=0.038, SHR=0.53, 95% CI 0.29-0.97). Male patients (P=0.03, SHR=2.78, 95% CI 1.11-6.97) and those receiving a Bu/Cy-based conditioning regimen (P=0.01, SHR=2.90, 95% CI 1.28-6.61) showed an increased likelihood of cGVHD occurrence. However, the decitabine-containing regimen did not influence other complications, including CMV and EBV reactivation, pneumonia, and hemorrhagic cystitis (P>0.05) (Table 3).


Table 3 | Complications of DAC and non-DAC group.




Table 4 | Univariate competing risk regression for cumulative incidence of GVHD, CIR, NRM.




Table 5 | Multivariate competing risk regression for cumulative incidence of GVHD, CIR, NRM.






Figure 1 | Cumulative GVHD (A for grade II-IV aGVHD, B for cGVHD), (C) relapse, (D) NRM, (E) OS, (F) DFS and (G) GRFS for the entire population after PSM. DAC, decitabine intensified conditioning regimen; non-DAC, conditioning regimen without decitabine; aGVHD, acute graft versus host disease; cGVHD, chronic graft versus host disease; NRM, non-relapse mortality; HSCT, hematopoietic stem cell transplantation; GRFS: GVHD free, relapse free survival.






3.4 RR, NRM, OS and DFS

The median follow-up time for the entire population, DAC group, and non-DAC group were 18.5 months (ranging from 0 to 149 months), 18 months (ranging from 0 to 118 months), and 19.5 months (ranging from 1 to 149 months), respectively. The cumulative incidence of relapse and non-relapse mortality (NRM) showed no significant difference between the two groups (Figure 1, P=0.684 and 0.905, respectively). In our univariate and multivariate analysis (Tables 4, 5), we identified bone marrow blasts >5% before transplantation as an independent risk factor for NRM (P=0.004, SHR=0.35, 95% CI 0.17-0.72; P=0.028, SHR=0.32, 95%CI 0.11-0.88). The 2-year overall survival (OS) rate for the DAC and non-DAC groups was 71.6% and 73.9%, respectively. The 2-year disease-free survival (DFS) rate for the DAC group and non-DAC group was 64.6% and 73.2%, respectively. The 2-year GVHD free, relapse free survival (GRFS) rate for the DAC group and non-DAC group was 56.5% and 45.6%, respectively. However, the Kaplan-Meier curves showed no significant difference in OS and DFS between the two groups (P= 0.964, 0.266 and 0,420 for OS, DFS, and GRFS respectively). Furthermore, we conducted univariate cox regression and found male and blast before HSCT less than 5% tended to survive longer (P=0.04, SHR=1.84, 95% CI 1.03-3.3; P<0.001, SHR= 0.29, 95% CI 0.17-0.50) (Table 6). Lower blasts before HSCT tended to extend DFS and GRFS as well (P=0.001, SHR=0.4, 95% CI 0.23-0.68; P=0.02, SHR 0.58, 95%CI 0.36-0.9). Male patients tended to have longer GRFS (P=0.001, SHR=2.1, 95%CI 1.33-3.39), which was confirmed in multivariate analysis (P=0.002, SHR=2.21, 95%CI 1.32-3.71). In multivariate analysis (Table 7), we found that bone marrow blasts over 5% before transplant remained an independent risk factor for poor overall survival and disease-free survival (P<0.001, SHR=0.25, 95%CI 0.12-0.52 and P=0.004, SHR=0.36, 95%CI 0.18-0.72, respectively). Additionally, compared with MDS and transformed AML, a diagnosis of AML was a risk factor for poor disease-free survival (P=0.04, SHR=1.58, 95%CI 1.03-2.43).


Table 6 | Univariate cox regression for OS and DFS.




Table 7 | Multivariate cox regression for OS and DFS.






3.5 Subgroup analysis

To further investigate the effect of DAC-containing regimens on different subgroups, we stratified patients based on MRD status and risk stratification. In the relatively intermediate risk subgroups, which included MDS patients with IPSS-R scores ranging from 3.5 to 6 and AML patients considered to have intermediate cytogenetic risk, we observed a lower cumulative incidence of grade II-IV acute GVHD (aGVHD) and chronic GVHD (cGVHD) in patients receiving DAC-containing conditioning regimens (P=0.045 and 0.025, respectively). Additionally, the DAC subgroup tended to have a lower cumulative incidence of relapse, longer overall survival and GRFS, although these differences were not statistically significant (P=0.559, 0.908 and 0.233, respectively) (Figure 2). In the MRD negative subgroup, patients receiving DAC-containing regimens showed a tendency towards lower incidences of grade II-IV aGVHD, cGVHD, relapse, and non-relapse mortality (NRM), as well as longer survival and GRFS (Figure 3). However, the differences were not statistically significant in this subgroup.




Figure 2 | Outcomes in patients divided into relatively intermediate risk subgroup. (A) Cumulative incidence of grade II-IV aGVHD, (B) Cumulative incidence of cGVHD, (C) Cumulative incidence of relapse, (D) Overall survival, (E) GRFS. DAC, decitabine intensified conditioning regimen; non-DAC, conditioning regimen without decitabine; HSCT hematopoietic stem cell transplantation; aGVHD, acute graft versus host disease; cGVHD, chronic graft versus host disease; GRFS: GVHD free, relapse free survival.






Figure 3 | Outcomes in patients divided into MRD negative subgroup. (A) Cumulative incidence of grade II-IV aGVHD, (B) Cumulative incidence of cGVHD, (C) Cumulative incidence of relapse. (D) Cumulative incidence of NRM, (E) Overall survival, (F) Disease-free survival, (G) GRFS. DAC, decitabine intensified conditioning regimen; non-DAC, conditioning regimen without decitabine; HSCT hematopoietic stem cell transplantation; aGVHD, acute graft versus host disease; cGVHD, chronic graft versus host disease; NRM, non-relapse mortality; GRFS: GVHD free, relapse free survival.







4 Discussion

Decitabine, a DNA methyltransferase suppressor, has emerged as a promising anti-tumor drug due to its ability to reactivate silenced tumor suppressor genes and act as a cytotoxic agent in synergy with busulfan. Nowadays, DAC has been widely utilized in the therapy of hematopoietic malignancies. First, DAC is particularly beneficial for patients who cannot tolerate standard-dose chemotherapy but still aim to achieve remission, owing to ideal antitumor effect and relatively low toxicity. Second, incorporating DAC into consolidation therapy, before-HSCT bridging therapy, and maintenance therapy after HSCT has shown improvements in long-term outcomes.

Remarkably, beyond its antitumor effect, the potential immune-regulatory properties of decitabine have garnered even more interest. Low doses of decitabine have been found to promote the polarization of T cells from Th1 type to regulatory T cells (Tregs), regulate T cell proliferation via the TET2 pathway, and suppress the development of proinflammatory cytokines. These immune-modulatory effects could potentially alleviate GVHD by modulating immune tolerance. Moreover, studies in animal models have shown that hypomethylating agents, including decitabine, can alleviate chronic GVHD (19). In our study, patients who received a decitabine-based conditioning regimen experienced a lower incidence of grade II-IV aGVHD and exhibited milder symptoms, leading to a reduction in the cumulative incidence of grade II-IV aGVHD from 38% to 21%. These results align with findings reported by Li and colleagues (11). Moreover, our study population receiving a decitabine-based regimen was larger than that in any other previous studies investigating the impact of such intensified conditioning regimens on post-HSCT prognosis. Furthermore, both multivariate logistic regression and competing risk regression analyses indicated that the administration of decitabine was associated with a decreased risk of grade II-IV aGVHD. These robust findings underscore the reliability of decitabine-containing conditioning regimens in preventing acute GVHD. In summary, our study provides further evidence supporting the potential of decitabine as an effective agent in preventing acute GVHD, in addition to its known antitumor properties. The immune-regulatory effects of decitabine make it a promising candidate for enhancing the outcomes of allogeneic hematopoietic stem cell transplantation.

As mentioned above, the function of DAC varies with the dose used. High-dose DAC acts as an antitumor agent, while low-dose DAC tends to regulate immune responses. To reduce relapse and extend DFS, a relatively higher dose is recommended. However, to also consider the immune regulatory function, daily dose at about 20mg/m2 for 5 days is commonly selected, though there is no consensus on the exact dose. For instance, a study by Cao and colleagues demonstrated that MDS/MPN patients receiving 5-day DAC at a daily dose of 20mg/m2 had an OS of 86% and a relapse rate of 12% at a median follow-up time of 522 days (20). The beneficial effects were more pronounced in the high-risk subgroup with active disease, indicating that DAC administration might enhance survival and delay relapse (21). A study showed that compared with a total dose of 75mg/m2, DAC at a dose of 125mg/m2 tended to prolong the DFS (22). In our previous study, we mechanistically demonstrated that low-dose decitabine, when combined with the histone H3K27 methyltransferase inhibitor 3-deazaneplanocin (DZNep), could alleviate aGVHD by promoting T cell differentiation into regulatory T cells in animal model (23). Moreover, we found that compared to 2mg/kg, DAC at a lower dose of 1mg/kg exhibited a reduced risk of cytopenia, further highlighting the safety and immune-regulation effects of low-dose DAC. In this study, we selected a dose of 15mg/m2, and significantly, the incidence of grade II-IV acute GVHD (aGVHD) decreased by almost half, highlighting the immune regulatory function of DAC at this lower dose. However, in the MRD positive or high-risk subgroup, the impact of DAC intervention was not as evident, possibly due to the weakened antitumor effect at a lower DAC dose. The precise titration of DAC dose warrants further investigation to strike a balance between its antitumor and immune regulatory effects.

Indeed, Li and colleagues’ study also indicated that a decitabine-containing regimen was associated with reduced cGVHD. In our study, we compared the occurrence of cGVHD between the two groups and observed a tendency towards a lower incidence of cGVHD in the DAC group. Notably, in the intermediate-risk subgroup, patients receiving DAC exhibited a significantly lower incidence of cGVHD These findings suggest that decitabine may have a potential role in alleviating cGVHD, particularly in intermediate-risk patients. However, to draw an exact conclusion, further investigation and validation are necessary.

During the follow-up period, we carefully assessed the influence of DAC on overall survival. In the analysis of the entire study population, the differences between the groups were not prominently apparent. However, when we conducted a more detailed investigation by refining the subgroups, certain trends became evident. Specifically, in the MRD negative subgroup and intermediate risk subgroup, patients who received DAC-containing regimens showed a tendency towards improved relapse rates and overall survival. Moreover, in the MRD negative patients, DAC appeared to positively impact NRM and DFS as well. These findings underscore the potential benefits of incorporating DAC into the treatment approach for MRD negative or intermediate risk patients. By reducing the risk of relapse and enhancing overall survival, DAC-containing regimens hold promise as a valuable therapeutic option for these specific patient groups.

Our study revealed that having bone marrow blasts less than 5% before transplant was a protective factor associated with lower NRM and improved OS and DFS. This finding aligns with existing literature, emphasizing the significance of achieving complete remission status in determining post-transplant prognosis. Recently, MRD has garnered significant attention, as studies have shown it to be a risk factor for relapse, and eliminating MRD has been associated with longer survival (24, 25). Our subgroup analysis demonstrated that in the MRD negative subgroup, the administration of DAC might benefit the patients. However, in the MRD positive subgroup, DAC alone could not fully overcome the adverse effect of MRD. This underscores the critical importance of MRD elimination before transplant, and in such cases, the administration of DAC might have a more significant impact.

In theory, DAC, with its ability to target abnormal methylation processes, holds promise for improving the prognosis of high cytogenetic risk populations with specific mutations, such as TP53. Several studies have observed that DAC can enhance the survival of high-risk patients (20, 26). However, in our study, we found that the beneficial effect of DAC was more pronounced in the intermediate risk subgroup than in the high-risk subgroup. Therefore, it would be meaningful to conduct future research specifically targeting high-risk patients at our center.

Importantly, concerns have been raised by some researchers regarding the potential increase in infection incidence when combining DAC induction with myeloablative regimens (27). However, in our study, the addition of DAC did not result in any additional infectious toxicity or impaired engraftment. This finding highlights the favorable safety profile of the conditioning regimen protocol with additive DAC.

Though the results revealed grade II-IV aGVHD decreased in DAC group, I think it is far from drawing an exact conclusion DAC ameliorate grade II-IV aGVHD. Nonetheless, it is crucial to acknowledge the limitations inherent in our study. The retrospective, single-center nature of our research inherently contributes to a lower level of evidence certainty. We are aware that information bias could have arisen during the data collection process. The extended duration of the study may have resulted in the withdrawal of some patients, introducing attrition bias. Furthermore, the heterogeneity within the study population may have introduced various biases as well. While we recognize that our study falls short of delivering a definitive conclusion, it still holds value as a source of inspiration. To address these limitations and provide a more robust understanding of the topic, we are currently conducting a single-center Randomized Controlled Trial (RCT). We aim to expand the scale of the study, involve multiple centers, and follow a prospective design to rigorously investigate whether DAC can effectively mitigate grade II-IV aGVHD in clinical practice.




5 Conclusion

In conclusion, our analysis of AML/MDS patients undergoing allo-HSCT with a low dose DAC-containing conditioning regimen revealed its efficacy in ameliorating grade II-IV acute GVHD. Notably, in MRD negative or intermediate risk patients, this regimen showed promise in preventing relapse and improving survival without added toxicity. However, it is important to acknowledge the limitations of our study, including its retrospective nature and the need for further prospective exploration to determine its potential benefits for high-risk and MRD positive patients.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by the Review Board of Peking University First Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

YL: Conceptualization, Funding acquisition, Methodology, Writing – review & editing. JZ: Data curation, Formal Analysis, Investigation, Writing – original draft. QYaW: Data curation, Formal Analysis, Investigation, Writing – original draft. HR: Data curation, Resources, Writing – review & editing. YD: Data curation, Resources, Writing – review & editing. YY: Data curation, Resources, Writing – review & editing. QW: Data curation, Resources, Writing – review & editing. ZL: Data curation, Resources, Writing – review & editing. WL: Data curation, Resources, Writing – review & editing. QYunW: Data curation, Resources, Writing – review & editing. BW: Data curation, Resources, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was financially supported by National Natural Science Foundation of China (No.81970410); Beijing Natural Science Foundation (No.7202203); Clinical Medicine Plus X-Young Scholars Project of Peking University(PKU2018LCXQ014; PKU2019LCXQ022); The Fundamental Research Funds for the Central Universities.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Shallis, RM, Wang, R, Davidoff, A, Ma, X, and Zeidan, AM. Epidemiology of acute myeloid leukemia: Recent progress and enduring challenges. Blood Rev (2019) 36:70–87. doi: 10.1016/j.blre.2019.04.005

2. Newell, LF, and Cook, RJ. Advances in acute myeloid leukemia. Bmj (2021) 375:n2026. doi: 10.1136/bmj.n2026

3. Sekeres, MA, and Taylor, J. Diagnosis and treatment of myelodysplastic syndromes: A review. Jama (2022) 328(9):872–80. doi: 10.1001/jama.2022.14578

4. Xu, L, Chen, H., Chen, J., Han, M., Huang, H., and Lai, Y. The consensus on indications, conditioning regimen, and donor selection of allogeneic hematopoietic cell transplantation for hematological diseases in China-recommendations from the Chinese Society of Hematology. J Hematol Oncol (2018) 11(1):33. doi: 10.1186/s13045-018-0564-x

5. Lubbert, M, Bertz, H., Ruter, B., Marks, R., Claus, R., Wasch, R., et al. Non-intensive treatment with low-dose 5-aza-2'-deoxycytidine (DAC) prior to allogeneic blood SCT of older MDS/AML patients. Bone Marrow Transplant (2009) 44(9):585–8. doi: 10.1038/bmt.2009.64

6. Kim, DY, Lee, J. H., Park, Y. H., Lee, J. H., Kim, S. D., Choi, Y., et al. Feasibility of hypomethylating agents followed by allogeneic hematopoietic cell transplantation in patients with myelodysplastic syndrome. Bone Marrow Transplant (2012) 47(3):374–9. doi: 10.1038/bmt.2011.86

7. Figueroa, ME, Skrabanek, L., Li, Y., Jiemjit, A., Fandy, T. E., Paietta, E., et al. MDS and secondary AML display unique patterns and abundance of aberrant DNA methylation. Blood (2009) 114(16):3448–58. doi: 10.1182/blood-2009-01-200519

8. Gao, L. Effect of rhG-CSF combined with decitabine prophylaxis on relapse of patients with high-risk MRD-negative AML after HSCT: an open-label, multicenter, randomized controlled trial. J Clin Oncol (2020) 38:4249–59. doi: 10.1200/JCO.19

9. Kalin, B, van Norden, Y., van Gelder, M., Breems, D., Maertens, J., Jongen-Lavrencic, M., et al. Panobinostat and decitabine prior to donor lymphocyte infusion in allogeneic stem cell transplantation. Blood Adv (2020) 4(18):4430–7. doi: 10.1182/bloodadvances.2020002074

10. Xu, Q, Li, Y., Jing, Y., Lv, N., Wang, L., Li, Y., et al. Epigenetic modifier gene mutations-positive AML patients with intermediate-risk karyotypes benefit from decitabine with CAG regimen. Int J Cancer (2020) 146(5):1457–67. doi: 10.1002/ijc.32593

11. Li, Z, Shi, W., Lu, X., Lu, H., Cao, X., Tang, L., et al. Decitabine-intensified modified busulfan/cyclophosphamide conditioning regimen improves survival in acute myeloid leukemia patients undergoing related donor hematopoietic stem cell transplantation: A propensity score matched analysis. Front Oncol (2022) 12:844937. doi: 10.3389/fonc.2022.844937

12. Wang, Q, Ren, H., Liang, Z., Liu, W., Yin, Y., Wang, Q., et al. Comparable outcomes in acquired severe aplastic anemia patients with haploidentical donor or matched related donor transplantation: A retrospective single-center experience. Front Med (Lausanne) (2021) 8:807527. doi: 10.3389/fmed.2021.807527

13. Penack, O, Marchetti, M., Ruutu, T., Aljurf, M., Bacigalupo, A., Bonifazi, F., et al. Prophylaxis and management of graft versus host disease after stem-cell transplantation for haematological Malignancies: updated consensus recommendations of the European Society for Blood and Marrow Transplantation. Lancet Haematol (2020) 7(2):e157–67. doi: 10.1016/s2352-3026(19)30256-x

14. Stem Cell Application Group, C.S.o.H., Chinese Medical Association. Chinese consensus of allogeneic hematopoietic stem cell transplantation for hematological disease (III) -acute graft-versus-host disease 2020. Zhonghua Xue Ye Xue Za Zhi (2020) 41(7):529–36. doi: 10.3760/cma.j.issn.0253-2727.2020.07.001

15. Döhner, H, Wei, A. H., Appelbaum, F. R., Craddock, C., DiNardo, C. D., Dombret, H., et al. Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood (2022) 140(12):1345–77. doi: 10.1182/blood.2022016867

16. Chang, YJ, Xu, L. P., Wang, Y., Zhang, X. H., Chen, H., Chen, Y. H., et al. Controlled, randomized, open-label trial of risk-stratified corticosteroid prevention of acute graft-versus-host disease after haploidentical transplantation. J Clin Oncol (2016) 34(16):1855–63. doi: 10.1200/jco.2015.63.8817

17. Glucksberg, H, Storb, R., Fefer, A., Buckner, C. D., Neiman, P. E., Clift, R. A., et al. Clinical manifestations of graft-versus-host disease in human recipients of marrow from HL-A-matched sibling donors. Transplantation (1974) 18(4):295–304. doi: 10.1097/00007890-197410000-00001

18. Jagasia, MH, Greinix, H. T., Arora, M., Williams, K. M., Wolff, D., Cowen, E. W., et al. National institutes of health consensus development project on criteria for clinical trials in chronic graft-versus-host disease: I. The 2014 diagnosis and staging working group report. Biol Blood Marrow Transplant (2015) 21(3):389–401.e1. doi: 10.1016/j.bbmt.2014.12.001

19. Fransolet, G, Ehx, G., Somja, J., Delens, L., Hannon, M., Muller, J., et al. Azacytidine mitigates experimental sclerodermic chronic graft-versus-host disease. J Hematol Oncol (2016) 9(1):53. doi: 10.1186/s13045-016-0281-2

20. Cao, YG, He, Y., Zhang, S. D., Liu, Z. X., Zhai, W. H., Ma, Q. L., et al. Conditioning regimen of 5-day decitabine administration for allogeneic stem cell transplantation in patients with myelodysplastic syndrome and myeloproliferative neoplasms. Biol Blood Marrow Transplant (2020) 26(2):285–91. doi: 10.1016/j.bbmt.2019.09.001

21. Tang, X, Valdez, B. C., Ma, Y., Zhang, Q., Qu, C., Dai, H., et al. Low-dose decitabine as part of a modified Bu-Cy conditioning regimen improves survival in AML patients with active disease undergoing allogeneic hematopoietic stem cell transplantation. Bone Marrow Transplant (2021) 56(7):1674–82. doi: 10.1038/s41409-021-01238-5

22. Li, Y, Cheng, L., Xu, C., Chen, J., Hu, J., Liu, N., et al. A retrospective observation of treatment outcomes using decitabine-combined standard conditioning regimens before transplantation in patients with relapsed or refractory acute myeloid leukemia. Front Oncol (2021) 11:702239. doi: 10.3389/fonc.2021.702239

23. Wang, QY, Liu, H. H., Dong, Y. J., Liang, Z. Y., Yin, Y., Liu, W., et al. Low-dose 5-aza and DZnep alleviate acute graft-versus-host disease with less side effects through altering T-cell differentiation. Front Immunol (2022) 13:780708. doi: 10.3389/fimmu.2022.780708

24. Platzbecker, U, Middeke, J. M., Sockel, K., Herbst, R., Wolf, D., Baldus, C. D., et al. Measurable residual disease-guided treatment with azacitidine to prevent haematological relapse in patients with myelodysplastic syndrome and acute myeloid leukaemia (RELAZA2): an open-label, multicentre, phase 2 trial. Lancet Oncol (2018) 19(12):1668–79. doi: 10.1016/s1470-2045(18)30580-1

25. Short, NJ, Zhou, S., Fu, C., Berry, D. A., Walter, R. B., Freeman, S. D., et al. Association of measurable residual disease with survival outcomes in patients with acute myeloid leukemia: A systematic review and meta-analysis. JAMA Oncol (2020) 6(12):1890–9. doi: 10.1001/jamaoncol.2020.4600

26. Cruijsen, M, Hilberink, J. R., van der Velden, Wjfm, Jansen, J. H., Bär, B., Schaap, N. P. M., et al. Low relapse risk in poor risk AML after conditioning with 10-day decitabine, fludarabine and 2 Gray TBI prior to allogeneic hematopoietic cell transplantation. Bone Marrow Transplant (2021) 56(8):1964–70. doi: 10.1038/s41409-021-01272-3

27. D’Angelo, CR, Aric, W, Kaitlin, M., Kim, K, Longo, W, Hematti, P, et al. Decitabine induction with myeloablative conditioning and allogeneic hematopoietic stem cell transplantation in high-risk patients with myeloid Malignancies is associated with a high rate of infectious complications. Leukemia Res (2020) 96. doi: 10.1016/j.leukres.2020.106419




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Zhu, Wang, Ren, Dong, Yin, Wang, Liang, Liu, Wang, Wang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Low-dose decitabine-intensified modified conditioning regimen alleviates aGVHD in AML/MDS patients treated with allogeneic hematopoietic stem cell transplantation

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Patients

          



          		

            2.2 Conditioning regimen

          



          		

            2.3 GVHD prevention and treatment

          



          		

            2.4 Definitions and outcome measures

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics

          



          		

            3.2 Engraftment and engraftment time

          



          		

            3.3 Complications after HSCT

          



          		

            3.4 RR, NRM, OS and DFS

          



          		

            3.5 Subgroup analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Variable oS DFS GRFS

SHR (95% SHR (95% SHR (95%

ChP ChP CIE
Age 1.02(0.99- 1.01(0.99- 1.00(0.99-
1.04) 0.15 1.03) 0.26 1.02) 0.01
Gender 1.84(1.03- 1.52(0.88- 2.10(1.33-
3.30) 0.04 2.65) 0.13 3.29) 0.001
WHO classification 0.90(0.65- 1.04(0.75- 1.03(0.79-
1.25) 0.53 1.45) 0.80 1.33) 0.85
Risk stratification 1.54(1.05- 1.10(0.78- 1.17(0.89-
2.26) 0.03 1.54) 0.59 1.53) 0.26
Months before 1.55(0.73- 1.55(0.74- 1.28(0.68-
transplantation 3.30) 0.25 3.27) 0.25 2.41) 0.44
Bone marrow blasts before 0.29(0.17- 0.40(0.23- 0.58(0.36-
transplantation 0.50) <0.001 0.68) 0.001 0.90) 0.02
MRD 1.68(0.79- 1.65(0.81- 1.63(0.94-
3.57) 0.18 3.36) 0.17 2.86) 0.08
Type of donor 1.06(0.64- 0.84(0.51- 0.86(0.58-
1.74) 0.83 1.37) 0.48 1.28) 0.47
Graft source 1.44(0.73- 1.33(0.70- 1.31(0.79-
2.84) 0.30 2.53) 0.39 2.15) 0.28
CD34+ cells 1.02(0.93- 1.02(0.93- 1.03(0.96-
1.12) 0.50 1.11) 0.73 1.10) 0.46
ABO compatibility 0.90(0.66- 0.98(0.72- 1.02(0.80-
1.23) 0.51 1.31) 0.87 1.30) 0.86
Conditioning regimen 1.06(0.55- 1.07(0.57- 0.15(0.91-
2.05) 0.87 2.04) 0.82 2.35) 0.11
DAC 1.01(0.59- 1.34(0.80- 0.84(0.56-

1.72) 0.97 2.24) 027 1.27) 0.42






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2023.1274492_cover.jpg
& frontiers | Frontiers in Immunology

Low-dose decitabine-intensified modified

conditioning regimen alleviates aGVHD in

AML/MDS patients treated with allogeneic
hematopoietic stem cell transplantation





OEBPS/Images/fimmu-14-1274492-g001.jpg
>

Overall Survival Cumulative Incidence of Relapse Cumulative Incidence of II-IV aGVHD

0.25

GRFS

0 0
Days since HSCT

01 015 02 025

0.05

0 100
Months since HSCT

1.00

0.75

Non-DAC

DAC

0.50

P=0.964

0.00

0 100
Months since HSCT

Non-DAC

DAC

P=0.420

0 100
Months after HSCT

non-DAC

Cumulative Incidence of NRM Cumulative Incidence of cGVHD

Disease-Free Survival

0.00

01 015 02 025

0.05

Non-DAC
DAC

50 100
Months since HSCT

01 015 02 025

0.05

Non-DAC
DAC

50 100
Months since HSCT

1.00

0.75

0.50

P=0.266

0.25

Non-DAC
DAC

0 100
Months since HSCT





OEBPS/Images/table2.jpg
NE engraftment 98 100 0.497
PLT engraftment 93 99 0.071
Median engraftment time 12 (1-25) 12 (9-29) 0.893
of NE

Median engraftment time 17 (1-180) 15 (6-270) 0.178
of PLT

Full donor chimerism by 97 98 0.498
day 30

DAG, decitabine intensified conditioning regimen; non-DAC, conditioning regimen without
decitabine; NE, neutrophil; PLT, platelet.





OEBPS/Images/fimmu-14-1274492-g003.jpg
Cumulative Incidence of Relapse Cumulative Incidence of aGVHD

Overall Survival

GRFS

P=0.080

0.2

T v

40 60

Days since HSCT

80

P=0.455

Non-DAC
DAC

100

20

T v

40 60
Months since HSCT

P=0.677

Non-DAC
DAC

100

1.004

0.75q

0.50q

0.25q

0.004

20

T v

40 60
Months since HSCT

100

P=0.701

non-DAC
DAC

20

40 60
Months after HSCT

80

100

Cumulative Incidence of NRM Cumulative Incidence of cGVHD

Disease-Free Survival

P=0.673

Non-DAC
DAC

20

40 60 EQ 100
Months since HSCT

P=0.576

Non-DAC
DAC

20

T v v

40 60 80 100
Months since HSCT

P=0.424

Non-DAC
DAC

20

4o 60 80 160
Months since HSCT





OEBPS/Images/table4.jpg
Variable

Grade II-IV aGVHD
SHR (95% CI) P

cGVHD
SHR (95% CI) P

REETeN]

SHR (95% CI) P

NRM
SHR (95% CI) P

Age

Gender

WHO classification

Risk stratification

Months before transplantation
Bone marrow blasts before transplantation
MRD

Type of donor

Graft source

CD34+ cells

ABO compatibility
Conditioning regimen

DAC

0.97(0.96-1.01) 0.18
1.25(0.74-2.12) 0.40
1.15(081-1.62) 0.45
1.14(0.82-158) 0.41
1.49(0.71-3.13) 0.29
0.79(0.45-1.39) 0.38
1.59(0.69-3.67) 0.42
0.97(0.67-1.41) 0.88
0.99(0.53-1.84) 0.97
1.06(0.99-1.14) 0.12
1.07(0.81-143) 0.62
1.10(0.60-2.01) 0.60

0.50(0.30-0.84) 0.006

0.97(0.95-1.00) 0.07
2.93(1.29-6.71) 0.01
1.09(0.67-1.79) 0.71
0.81(0.53-1.24) 0.33
0.53(0.12-2.28) 0.40
1.34(0.58-3.11) 0.50
0.83(0.37-1.83) 0.64
0.98(0.49-1.99) 0.97
1.58(0.55-4.58) 0.40
0.98(0.85-1.12) 0.76
0.99(0.67-1.48) 0.98
257(1.28-5.14) 0.01

0.56(0.27-1.13) 0.103

1.00(0.98-1.02) 0.68
2.01(1.01-4.01) 0.05
097(0.67-1.40) 0.88
1.02(0.69-1.53) 0.60
1.33(0.51-3.44) 0.56
051(0.27-0.99) 0.05
2.03(0.79-5.21) 0.14
0.71(0.37-1.32) 0.28
0.94(0.45-1.94) 0.86
0.99(0.88-1.12) 0.86
0.96(0.67-1.39) 0.84
0.85(0.38-1.91) 0.71

1.14(0.62-2.10) 0.68

1.02(0.98-1.06) 0.19
1.27(0.58-2.76) 0.55
092(0.58-147) 0.73
1.44(0.85-2.45) 0.18
1.50(0.52-4.32) 0.45
035(0.17-0.72) 0.004
1.29(0.50-3.34) 0.59
1.33(0.77-231) 0.30
2.23(0.76-6.53) 0.14
1.03(0.90-1.18) 0.63
091(0.60-1.38) 0.67
1.40(0.60-3.27) 0.43

0.96(0.46-1.98) 0.91

DAC, decitabine intensified conditioning regimen; aGVHD, acute graft versus host disease; cGVHD, chronic graft versus host disease; NRM, non-relapse mortality; CIR, cumulative incidence of

relapse; MRD, measurable residual disease.





OEBPS/Images/table3.jpg
Acute GVHD 38 47 0.198

Grade II-IV° acute 21 38 0.013
GVHD

Grade III-1V° acute 3 10 0.085
GVHD

Chronic GVHD 11 21 0.054
Severe chronic GVHD 1 5 0212
Moderate to severe 2 9 0.063
c¢GVHD

CMV 65 65 1.000
EBV 42 38 0.564
Pneumonia 47 52 0479
Hemorrhagic cystitis 28 32 0.537

DAG, decitabine intensified conditioning regimen; non-DAC, conditioning regimen without
decitabine; GVHD, graft versus host disease; CMV, cytomegalovirus; Epstein-Barr virus.





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/table7.jpg
Variable oS DFS GRFS

SHR (95% SHR (95% SHR (95%

ChPpP ChP chP
Age 1.01(0.99- 1.01(0.99- 0.99(0.98-
1.04) 0.32 1.04) 0.22 1.01) 0.87
Gender 1.73(0.89- 1.78(0.94- 2.21(1.32-
3.37) 0.11 3.78) 0.08 3.71) 0.002
WHO cdlassification 1.25(0.81- 1.58(1.03- 1.15(0.83-
1.93) 0.30 243) 0.04 1.60) 0.39
Risk stratification 1.44(0.96- 1.01(0.70- 1.12(0.84-
2.15) 0.08 1.44) 0.98 1.50) 0.41
Months before 1.59(0.62- 1.98(0.79- 1,27(0.57-
transplantation 4.09) 0.33 4.94) 0.14 2.86) 0.56
Bone marrow blasts before 0.25(0.12- 0.36(0.18- 0.59(0.34-
transplantation 0.52) <0.001 0.72) 0.004 1.04) 0.07
MRD 0.95(0.40- 1.07(0.49- 1.09(0.59-
227) 091 241) 0.86 2.01) 0.78
Type of donor 1.33(0.60- 0.87(0.44- 0.99(0.57-
2.94) 0.48 1.73) 0.70 1.74) 0.98
Graft source 2.01(0.67- 1.14(0.44- 1.23(0.59-
6.07) 0.21 2.94) 0.79 2.56) 0.56
CD34+ cells 1.05(0.95- 1.05(0.96- 1.03(0.96-
1.16) 0.32 1.16) 0.30 1.12) 0.35
ABO compatibility 0.91(0.65- 1.03(0.74- 1.02(0.78-
127) 057 1.44) 0.84 1.32) 0.86
Conditioning regimen 0.59(0.25- 0.67(0.31- 0.99(0.55-
1.39) 0.23 1.47) 0.32 1.76) 0.96
DAC 1.08(0.60- 1.34(0.73- 0.89(0.56-
1.96) 0.80 245) 0.34 141) 0.62

08, overall survival; DFS, disease-free survival; DAC, decitabine intensified conditioning
regimen; MRD, measurable residual discase.





OEBPS/Images/table1.jpg
Before PSM After PSM

DAC Non-DAC DAC
(n=125) =126) (n=100)
Age (years) 44(14-65) 36(2-62) <0.001 41.5(14-65) 38(8-62) 0.102
Gender, n 0.756 0.668
Male 68 71 59 56
Female 57 55 41 44
‘WHO classification, n 0.126 0.707
MDS 24 36 20 19
t-AML 28 19 19 15
AML 73 71 61 66
HCT-CIL, n 0.672 0.777
0-2 64 69 53 55
23 61 57 47 45
Risk stratification, n 0.585 0.066
Low 34 22 33 15
Relative-intermediate 41 34 29 28
Relative-high 50 46 38 41
Months before transplant, n 0.525 0.071
<12 months 105 102 93 85
212 months 20 24 7 15
Bone marrow blasts before 0.736 0.861

transplantation, n

<5% 96 9 79 80
>5% 29 27 21 20
MRD, n 0.045 0.557
Positive 85 99 73 78
Negative 40 26 24 21
Type of donor, n 0.982 0.963
MSD-HSCT 21 21 15 16
Haplo-HSCT 92 92 73 73
MUD-HSCT 12 13 12 11
Graft source, n 0.100 0.298
BM+PB 103 93 82 76
PB/BM 22 33 18 24
MNC (10%/kg) 9.8(2-41) 10.4(2-27) 0.059 9.88(2-41) 10.25(2-27) 0431
CD34+ (10%kg) 5.2(2-20) 4.4(0-17) 0.025 4.83(2-14) 4.75(1-17) 0.504
ABO compatibility, n 0.152 0.670
Matched 64 79 51 57
Minor mismatched 24 19 22 18
Major mismatched 36 26 26 24
Conditioning regimen 0.325 0599
Bu/Flu 102 99 78 81
Bu/Cy 23 27 22 19
Donor/recipient gender 0.563 0.837
Female to Female 18 23 14(14%) 17(17.3%)
Female to Male 28 22 24(24%) 19(19.4%)
Male to Male 41 44 36(36%) 36(36.7%)
Male to Female 38 31 26(26%) 26(26.5%)

DAGC, decitabine intensified conditioning regimen; non-DAC, conditioning regimen without decitabine; PSM, propensity score matching; MDS, myeloid dysplastic syndrome; t-AML,
transformed acute myeloid leukemia; AML, acute myeloid leukemia; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; MRD, measurable residual disease; HSCT,
hematopoietic stem cell transplantation; MSD, matched sibling donor; Haplo, haploidentical donor; MUD, matched unrelated donor; BM, bone marrow; PB, peripheral blood; MNC,
mononuclear cell; Bu, busulfan; Flu, fludarabine; Cy, cyclophosphamide.





OEBPS/Images/fimmu-14-1274492-g002.jpg
Cumulative Incidence of Relapse Cumulative Incidence of aGVHD

GRFS

0.3

0.2

0.1

1.00

0.75

0.5

0.2

0.00

P=0.233

40 60
ays since HSCT

D

0

100

Months since HSCT

50

Non-DAC
DAC

Non-DAC
DAC

e nON-DAC

100
Months after HSCT

DAC

Cumulative Incidence of cGVHD

Overall Survival

0.25

0.4

0.3

0.2

0.1

Non-DAC
DAC

0

100
Months since HSCT

0.75 1.00

0.50

P=0.908

Non-DAC
DAC

0.00

0 100

Months since HSCT





OEBPS/Images/table5.jpg
Variable Grade II-1IV aGVHD cGVHD Relapse NRM

SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P
Age 0.98(0.96-1.00) 0.11 0.97(0.96-1.00) 0.09 1.01(0.98-1.03) 0.59 1.02(0.98-1.06) 0.30
Gender 1.15(0.63-2.11) 0.76 2.78(1.11-6.97) 0.03 2.45(097-6.21) 0.06 0.98(0.35-2.71) 0.97
WHO classification 1.04(0.67-1.62) 0.85 0.78(0.43-1.40) 0.40 1.36(0.87-2.11) 0.12 1.18(0.61-2.31) 0.62
Risk stratification 1.09(0.76-1.59) 0.63 0.86(0.51-1.46) 0.57 0.89(0.58-1.36) 0.60 1.33(0.75-2.39) 0.32
Months before transplantation 134(0.54-331) 0.53 0.66(0.09-4.86) 0.69 1.41(0.33-6.09) 0.65 1.31(0.42-4.12) 0.64
Bone marrow blasts before transplantation 0.74(0.39-1.43) 0.38 1.24(0.46-3.36) 0.68 054(0.24-1.23) 0.14 0.32(0.11-0.88) 0.028
MRD 1.59(0.69-3.67) 0.28 0.52(0.21-1.29) 0.16 1.56(0.59-4.10) 0.37 0.55(0.29-2.95) 0.90
Type of donor 1.45(0.69-3.07) 0.33 1.26(0.44-3.68) 0.66 057(0.27-1.18) 0.13 2.90(0.63-13.24) 0.17
Graft source 2.13(0.66-6.87) 0.21 1.58(0.55-4.58) 0.40 055(0.19-1.57) 0.26 3.94(0.73-21.35) 0.11
CD34+ cells 1.04(0.96-1.13) 0.32 0.92(0.76-1.11) 0.39 1.01(0.90-1.14) 0.84 1.03(0.89-1.19) 0.71
ABO compatibility 0.92(0.65-1.30) 0.64 0.96(0.64-1.45) 0.85 1.03(0.70-1.54) 0.87 0.92(0.60-1.42) 0.72
Conditioning regimen 0.82(0.37-1.78) 0.61 2.90(1.28-6.61) 0.01 0.68(0.26-1.75) 0.42 0.68(0.24-1.93) 0.47
DAC 0.53(0.29-0.97) 0.038 0.54(0.22-1.33) 0.183 099(0.49-2.01) 0.98 1.05(0.47-2.35) 0.90

DAC, decitabine intensified conditioning regimen; aGVHD, acute graft versus host disease; <GVHD, chronic graft versus host disease; NRM, non-relapse mortality; CIR, cumulative incidence of
relapse; MRD, measurable residual disease.





