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Prolonged isolated thrombocytopenia (PT) is a common complication affecting the outcome of stem cell transplantation. In this study, we undertook a real-world study of 303 myelodysplastic syndrome (MDS) patients who received allogeneic hematopoietic stem cell transplantation (HSCT) between December 2007 and June 2018. 28.4% of MDS patients suffered from PT after HSCT. Survival analysis indicated that PT was associated with worse overall survival (OS) in MDS patients. The 2-year and 5-year OS in MDS patients with PT after HSCT were 49% and 47%, significantly worse than that of 68% and 60% in patients without PT (P=0.005). For RFS, patients with PT did not have an increased risk of disease relapse (P=0.964). After multivariate adjustment, PT was proved to be the independent risk factor associated with the worse OS (HR 1.49, 95% CI 1.00-2.21, P =0.048). We further analyzed risk factors associated with the occurrence of PT in MDS patients. Multiple logistic regression identified grade II-IV aGVHD, extensive chronic GVHD, hemorrhagic cystitis, and CMV activation as significant risk factors for developing PT. Among these variables, the Odds Ratio (OR) of grade II-IV aGVHD was the highest (P =0.001, OR: 2.65, 95% CI: 1.51-4.64). These data indicated the prognostic value of PT in MDS after HSCT. The identification of risk factors for PT may help improve patient management and lead to the design of effective treatment strategies.
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Introduction

Allogeneic hematopoietic stem cell transplantation (Allo-HSCT) is the only curative treatment for patients with myelodysplastic syndrome (MDS). Prolonged isolated thrombocytopenia (PT) is a frequent complication after transplantation, includes primary poor platelet graft function (PPGF) and secondary failure of platelet recovery (SFPR) (1, 2). PT has been suggested to be associated with an increased platelet transfusion requirement and poor overall survival following allo-HSCT (2–6).

The mechanisms underlying development of PT after HSCT are complex, and are usually categorized into impaired platelet production and increased platelet destruction (7). Several potential risk factors for PT after HSCT have been suggested, including graft-versus-host disease (GVHD), doses of infused CD34+ cells, disease status, cytomegalovirus (CMV) infection, and donor-specific antibodies (6, 8–11). Reports from Kong Y and her colleagues demonstrated that impaired bone marrow vascular microenvironment and aberrant T cell responses in immune microenvironment may contribute to the occurrence of PT after HSCT (12–14). They also proposed that disease type, especially diagnosed as MDS, was an independent risk factor for SFPR (12).

We undertook a single-center real-world study in the Chinese population, focusing on characteristics of PT in MDS patients. The purpose of present study was to evaluate the prognostic impact and defined the potential risk factors for PT in MDS patients after HSCT.



Materials and Methods


Patients and Study Design

303 consecutive MDS patients who received allo-HSCT in the First Affiliated Hospital of Soochow University between December 2007 and June 2018 were included in our study. Patients’ age, gender, WHO classification, IPSS and IPSS-R risk, donor type, conditioning regimen, stem cell source, disease status, HLA typing, ABO blood group, GVHD prophylaxis, and transplant related complications were recorded. Informed consent was obtained from all patients or from their immediate family before data was collected. All protocols conformed to the guidelines of the ethics committee of Soochow University and the Declaration of Helsinki. All patients were followed until September 2019 or death.



Conditioning Regimens in Allo-HSCT

Myeloablative conditioning (MAC) regimens were applied in most cases, while all other patients received reduced intensive conditioning (RIC) regimens. For HLA matched sibling donor transplant (MSDT), MAC regimens comprised administration of semustine (250mg/m2, day −10), cytarabine (2g/m2/d, days −9 to −8), busulfan (3.2 mg/kg/d, days −7 to −5), and cyclophosphamide (1.8g/m2/d, days −4 to −3). For HLA matched unrelated donors transplant (MUDT) and haploidentical donors transplant (HIDT), patients received a MAC regimen identical to the MSDT regimen except for receiving a higher dose of cytarabine (4 g/m2/d, days −9 to −8). Patients receiving MUDT also received hydroxycarbamide (80mg/kg, day −10). The RIC comprised fludarabine (30 mg/m2/d, days −10 to −6), cytarabine (1.5 g/m2/d, days −10 to −9), busulfan (3.2 mg/kg/d, days −8 to −6), cyclophosphamide (1.0 g/m2/day, days −5 to −4), and semustine (250 mg/m2/day, day -3). Additionally, Rabbit ATG (Genzyme Polyclonals S.A.S, Lyon, France), ATG-F (Fresenius Biotech GmbH, Munich, Germany), or porcrine ALG (Wuhan Institute of Biological Products Co., Ltd., Wuhan, Hubei, China) was given to patients receiving MUDT and HIDT for GVHD prophylaxis. The regimens were: ATG 2.5mg/kg/day, for four days; ATG-F 5mg/kg/day, for four days; ALG 15mg/kg/day, for four days. For a small number of patients who received MSDT, a lower dose of ATG (2.5mg/kg/day, for two days) or ATG-F (5mg/kg/day, for two days) was used.



Definitions

Prolonged isolated thrombocytopenia (PT) includes primary poor platelet graft function (PPGF) and secondary failure of platelet recovery (SFPR) (1, 2). Patients with primary PPGF were defined as those who did not achieve initial platelet reconstitution, with persistent platelet counts below 20×109/L or depended on PLT transfusions for more than 90 days after HSCT (1). SFPR was defined as a decline of platelet count to <50×109/L for more than 7 consecutive days after initial platelet reconstitution (2). Patients with thrombocytopenia due to graft rejection or disease recurrence were not defined as PPGF, in accordance with the definition from a previous study (2). The date of platelet engraftment was defined as the first of 7 consecutive days with a platelet count of ≥20×109/L, without transfusion support. Overall survival (OS) was defined from the time of transplant until death from any cause, or until the date of last follow-up. Relapse free survival (RFS) was defined from the time of transplant until disease relapse, or death from any cause, or until the date of last follow-up.



Statistical Analysis

Categorical variables are shown as percentages and compared using the χ2 test. Continuous variables are presented as medians with interquartile ranges, and compared using Mann-Whitney U tests. Missing data were replaced using Random Forests in the ‘mice’ package of R, version 3.6.0 (http://www.r-project.org/). Cumulative incidence was visualized using Kaplan-Meier curves and compared using the log-rank test. Univariate and multivariate survival analyses for OS and RFS were undertaken by Cox proportional hazard models. The importance of individual variables was visualized using forest plots. Univariate analyses of risk factors were performed with univariate logistic regression. Risk factors with values of P <0.05 in the univariate analyses were chosen for further evaluation by multivariate logistic regression.




Results

303 MDS patients who received allo-HSCT were included in our study. 184 (60.7%) were male and 119 (39.3%) were female. The median age of the cohort was 39 years (IQR 28-46). 107 (35.3%) patients received HLA matched sibling donors transplant, 69 (22.8%) received unrelated donors transplant, and 127 (41.9%) received haploidentical donors transplant. Before transplant, 76 (25.1%) achieved morphology-complete remission or complete remission. Most patients received MAC conditioning regimen (274 cases, 90.4%). After transplantation, 35 patients (11.6%) experienced primary PPGF, and 51 patients (16.8%) had SFPR. Acute GVHD (aGVHD) occurred in 150 (49.5%) patients. 100 patients (33.0%) had grade II–IV aGVHD and 35 patients (11.6%) extensive chronic GVHD (cGVHD). Cytomegalovirus (CMV) viremia was detected in 90 patients (29.7%) and Epstein-Barr virus (EBV) was identified in 43 patients (14.2%). Hemorrhagic cystitis (HC) occurred in 85 patients (28.1%) (Table 1).


Table 1 | Patient characteristics.



Our analyses showed that OS of patients without PT was significantly better than that of patients with either primary PPGF (P = 0.033) or SFPR (P = 0.003), while no significant difference in OS was observed between the patients with primary PPGF and SFPR (P = 0.903) (Supplementary Figure S1A). However, for RFS, patients with primary PPGF or SFPR did not impact RFS in MDS patients after transplantation (Supplementary Figure S1B). Univariate analysis of risk factors affecting OS and RFS are listed in Table 2. Apart from older age, receiving chemotherapy before HSCT, receiving the RIC conditioning regimen, receiving a conditioning regimen without decitabine, grade II-IV aGVHD, and extensive cGVHD, PT was also a significant predictor of poor OS (Figure 1). The 2-year and 5-year OS in MDS patients with PT after HSCT were 49% and 47%, significantly worse than that of 68% and 60% in patients without PT (Figure 1A, P =0.005). However, for RFS, patients with PT did not have an increased risk of disease relapse, as shown in Figure 1B (P=0.964). After multivariate adjustment, PT was proved to be the independent risk factor associated with the worse OS (HR 1.49, 95% CI 1.00-2.21, P =0.048) (Figure 1C).


Table 2 | Univariate analysis of OS and RFS in MDS patients who received HSCT.






Figure 1 | (A) Overall survival of MDS patients with and without PT; (B) Relapse free survival of MDS patients with and without PT. (C) Forest plot for hazard ratio of different risk factors on overall survival in MDS patients, as established using a Cox regression model.



Being a significant complication after HSCT, patients with PT had inferior survival. We further analyzed risk factors associated with the occurrence of PT in MDS patients. Univariate analysis identified grade II-IV aGVHD, extensive cGVHD, HC, and CMV activation as risk factors for developing PT (Table 3). Including these variables in a multivariate logistic regression, the result showed that these four variables were the independent risk factors associated with the occurrence of PT in MDS after HSCT (Figure 2A). Of these, the OR of grade II-IV aGVHD was the greatest (P =0.001, OR: 2.65, 95% CI: 1.51-4.64).


Table 3 | Univariate analysis of risk factors associated with thrombocytopenia in MDS after HSCT.






Figure 2 | Multivariable logistic regression model assessing risk factors for PT in MDS patients after HSCT.



Until last follow-up, 48 cases in PT group and 70 in non-PT group have died. Among these, 37(31%) were due to disease relapse. Of the 81 non-relapse deaths, infection and GVHD were either the main or contributing causes in patients with PT. And infection was the main cause of death in patients without PT. The causes of death in MDS patients after transplantation were shown in Table 4.


Table 4 | Causes of death in MDS patients after HSCT.





Discussion

PT is a serious complication post HSCT with a poor prognosis. Its reported incidence ranged from 3 to 50% following HSCT (1, 2, 4, 5, 7, 13). In our real-world study, we found an incidence of 28.4% for PT in MDS patients post HSCT. This variation may arise from the heterogeneity of criteria used to define PT (1–3, 12, 15, 16). Moreover, different patient selection in different centers may also contribute to differences in reported incidences. Most previous studies, including a report from our center, included several types of hematologic malignancy, including acute myeloid leukemia, acute lymphocytic leukemia, MDS, aplastic anemia, lymphoma and other disease type (1, 4, 5, 13, 16).

In this study, both grade II-IV aGVHD and extensive cGVHD were independent risk factors associated with the occurrence of PT in MDS patients post HSCT. Several previous studies reported correlations between aGVHD and platelet recovery after HSCT (2, 16, 17). Similar to the work of Kim et al., grade III-IV aGVHD was shown to be an independent risk factor for developing PT (16). The key mechanism involved in its development is thought to be GVHD-related autoimmune destruction (8). Platelet autoantibodies have been observed in patients after both autologous HSCT and allo-HSCT (7, 8, 18). According to the report from Anasetti C et al., platelet autoantibodies were only seen patients with GVHD, whereas in patients without GVHD, autoantibodies were not observed (8). Yamazaki R et al. indicated that in addition to antiplatelet antibody, reticuloendothelial system, which was damaged by GVHD, was also implicated in the development of PT (7).

CMV infection is another common complication, causing morbidity and mortality after HSCT. Consistent with previous studies, CMV infection has been suggested to be correlated with PT after HSCT (2, 4, 19). The role of CMV infection in the pathophysiology of PT is not fully understood. Several in vitro studies have shown that early hematopoietic progenitors are more susceptible to CMV infection, resulting in the inhibition of their proliferative function (20, 21). Apart from the direct cytotoxicity of CMV in hematopoietic progenitor cells, CMV-related impairment of stromal function, abnormal gene expression, and the indirect immune destruction of CMV infected hematopoietic cells have all been suggested as pathological mechanisms underlying PT development (22–25). In addition, Crapnell et al. have shown that differentiated megakaryocytes and their precursors are targets of CMV infection in vitro, contributing to thrombocytopenia (26).

Our study supported HC as an independent risk factor predictive of PT development of PT post HSCT. The correlation of platelet recovery and HC has been evaluated in several studies, and the results are controversial (27–29). Lunde et al. observed that HC resolution is associated with raised platelet counts (27). However, other studies suggest platelet counts are maintained > 50 × 109/L in patients with active HC (30–32). Because acute or chronic GVHD and HC may exist or that immunosuppressive therapies used to treat GVHD increase can the probability of opportunistic infections which subsequently cause HC (33, 34). Other studies have suggested an association between CMV reactivation and HC (35, 36), as DNA viruses may induce BK virus Replication (37, 38). The involvement in PT of both GVHD and CMV have been suggested, with different mechanisms as discussed above. A complex relationship exists amongst HC, GVHD, and CMV infection, and it is reasonable that HC was identified as a risk factor for PT in MDS patients post HSCT.

In conclusion, our results indicate that PT predicts poor OS in MDS patients after HSCT. The identification of risk factors for PT may help clinicians to more accurately assess the prognosis and design new treatment strategies.
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