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Aim

The effect of recombinant human thrombopoietin (rhTPO) is largely unknown in lower-risk myelodysplastic syndrome (LR-MDS). This study aimed at investigating the safety and efficacy of rhTPO in patients with LR-MDS.



Methods

LR-MDS patients receiving stanozolol (2 mg, t.i.d.) and supportive care alone (non-rhTPO) or additional rhTPO were enrolled in this study prospectively. rhTPO was given at 15,000 U (q.d.) for 7 days/month for at least 3 months. Patients stopped rhTPO if the platelet count was higher than 50 × 109/L or had no effects after 3 months of treatment. The overall response (OR), complete response (CR), platelet response, side effects, clone evolution, and clinical outcome were evaluated.



Result

Thirty-five patients were enrolled: 20 (57.1%) patients in the rhTPO group and 15 (42.9%) patients in the non-rhTPO group. The demographic and baseline characteristics were balanced between the two groups. Platelet response was higher at 1 and 2 months as compared with that in the non-rhTPO group (p = 0.006 and p = 0.001, respectively). Meanwhile, the rhTPO group had a shorter time to achieve a platelet transfusion-free state compared with the non-rhTPO group (p = 0.034). Hematologic response was higher at 1 and 2 months compared with that in the non-rhTPO group (p = 0.006 and p = 0.001, respectively). There was no significant difference in the overall response or complete response at 1, 2, 3, 6, and 12 months between the two groups. One patient in the rhTPO group evolved into higher-risk MDS at 9 months. No significant difference in disease progression, infection, gastrointestinal disorders, or drug-related liver/renal injuries was found between the two groups (p > 0.05).



Conclusion

Adding short-term rhTPO can accelerate the early platelet response and decrease platelet transfusion, with no obvious side effects.



Clinical Trial Registration

https://clinicaltrials.gov/ct2/show/NCT04324060?cond=NCT04324060&draw=2, identifier NCT04324060
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Introduction

Myelodysplastic syndrome (MDS), a heterogeneous disease of clonal myeloid disorders, is characterized by ineffective hematopoiesis, bone marrow dysplasia, and peripheral cytopenia(s), which has a high tendency of transforming into acute myeloid leukemia (AML) (1, 2). More than 60% of MDS patients are lower risk (LR-MDS), which are characterized by the presence of dysplasia, low bone marrow blast percentage, low number and depth of cytopenia(s), and relatively good risk karyotypic and molecular abnormalities. A score of ≤3.5 on the Revised International Prognostic Scoring System classifies patients as lower-risk MDS (3, 4).

The prognosis of MDS is correlated with the degree of cytopenia(s), bone marrow blast percentage, and the presence of specific cytogenetic abnormalities (5). MDS patients mainly die either from complications (including infections and bleeding) or from transformation to AML (6).

Some patients with LR-MDS can present with an isolated thrombocytopenia, and the incidence of life-threatening thrombocytopenia (platelet count <20 × 10 (7)/L) has been reported in approximately 12% of patients with LR-MDS (8, 9). Platelet transfusions are not durable and are highly associated with allergic transfusion reactions, transmission of bacterial and viral infections, and transfusion-related acute lung injury (7). Alloimmunization, most common in patients with MDS, ultimately renders platelet transfusions ineffective (9, 10).

Thrombopoietin (TPO) is the primary regulator of megakaryocyte development and platelet production through binding of the TPO receptor, c-MPL (11). Accordingly, thrombopoietin receptor agonists (TPO-RAs), including eltrombopag (EPAG), romiplostim, and avatrombopag, have been approved for the treatment of chronic immune thrombocytopenia (ITP) and/or aplastic anemia (AA) (12–14). In MDS, monotherapy with thrombopoietin agonists has been tested in two studies, in which increased platelet counts were seen in nearly 50% of the patients (15, 16). LR-MDS patients receiving romiplostim therapy had an apparently increased risk of AML progression (17).

Furthermore, transient elevations of circulating blasts were observed in ~10% of patients, for which close monitoring is recommended, as well as avoidance of TPO-RA use in MDS patients with excess blasts (>5%) (17). In order to maintain the effects, TPO-RAs have to be used for long term, which further causes huge economic burden and a higher risk of bone marrow fibrosis and leukemia transformation. All of these concerns highlight the importance of finding new TPO-RAs for MDS patients.

Recombinant human thrombopoietin (rhTPO), a glycosylated full-length peptide TPO produced by 3SBIO (Shenyang, China), has shown a high response rate (60.3%–66.7%) in corticosteroid-resistant or relapsed ITP patients (18–21). Although patients developed transient anti-TPO antibodies after rhTPO treatment, the antibodies did not have the activity of neutralizing endogenous TPO (22).

However, the therapy clinical outcomes of rhTPO in LR-MDS patients are rarely reported. Therefore, we performed this proof-of-concept study to investigate the safety and efficacy of rhTPO in patients with LR-MDS.



Methods


Patients and Eligibility

This is a proof-of-concept study. Patients newly diagnosed with LR-MDS at Peking Union Medical College Hospital between December 2018 and March 2020 were included, in accordance with the following criteria: 1) ≥18 years old; 2) diagnosed with LR-MDS based on standard criteria (3); 3) blast cells <5% in the bone marrow (BM) and <1% without Auer’s body and blast cells <1% in peripheral blood; 4) platelet counts <30 × 109/L and/or platelet transfusion dependence; and 5) patients with adequate renal and hepatic functions [alanine transaminase (ALT)/aspartate transaminase (AST) within three times the normal upper limit, total bilirubin (TBIL) within two times the normal upper limit, and creatinine within two times the normal upper limit]. The exclusion criteria were as follows: 1) patients with a history of leukemia or stem cell transplantation, treatment-related MDS, or malignancies; 2) patients with active or uncontrolled infections, uncontrolled cardiovascular disease, or a history of arterial or venous thrombosis within the past year; 3) patients who had received any other thrombopoietic growth factors prior to rhTPO therapy; and 4) patients with MDS secondary myelofibrosis. Patients were randomized into two groups: the rhTPO group and the non-rhTPO group. This study design was approved by the Committees for the Ethical Review of Research at Peking Union Medical college Hospital. The clinical trial was registered at clinicaltrial.gov (NCT04324060). The corresponding web link is as follows: https://clinicaltrials.gov/ct2/show/NCT04324060?cond=NCT04324060&draw=2&rank=1.



Treatment and Follow-Up Regimen

For the rhTPO group, patients were treated with 2 mg (t.i.d.) stanozolol for at least 1 year, supportive treatment, and rhTPO (recombinant human thrombopoietin injection; SanSheng Pharmaceutical, Shenyang, China) of 15,000 U subcutaneously (q.d.) for 7 days and continued for at least 3 months if the platelet count did not reach 50 × 109/L for three consecutive days. For the non-rhTPO group, patients were treated with 2 mg (t.i.d.) stanozolol for at least 1 year only and supportive treatment. Supportive treatment included transfusion, recombinant human erythropoietin (rhEPO; SanSheng Pharmaceutical, Shenyang, China) of 10,000 U three times/week for at least 3 months if hemoglobin was <110 g/L and/or granulocyte colony stimulating factor (G-CSF; 5 μ g kg−1 day−1) if neutrophil was <0.5 × 109/L.

The demographic characteristics of patients were recorded, which included present and past history, physical examination data, tests for complete blood cell count (CBC), and biochemistry parameters such as liver and kidney function, serum ferritin (SF), bone marrow smear, bone marrow biopsy, chromosome, MDS/myeloproliferative neoplasm (MPN) gene mutations, if possible, and paroxysmal nocturnal hemoglobinuria (PNH) clone size. Patients in each group were followed up monthly after treatment for at least 6 months and then every 3 months for at least 1 year and were evaluated for response and side effects. Routine lab tests were repeated regularly, and the bone marrow smear, bone marrow biopsy, and chromosome tests were repeated when necessary or every 6 months regularly for at least 1 year. The final response and disease outcomes were recorded at the end of the follow-up.



Response Criteria

Efficacy was evaluated using the International Working Group (IWG) criteria during the treatment period (23). Platelet counts were not taken into consideration for efficacy evaluation if platelet transfusion was given within 3 days of evaluation. Platelet response was defined as an absolute increase of ≥30 × 109/L for patients starting with >20 × 109/L platelets or an increase from <20 × 109/L to >20 × 109/L and by at least 100%. Neutrophil response was defined as at least a 100% increase and an absolute increase >0.5 × 109/L. Erythroid response was defined as a hemoglobin increase ≥15 g/L or a relevant reduction of red blood cell (RBC) transfusion by at least 50% compared with the pretreatment RBC transfusion in the previous 8 weeks. Hematologic response referred to specific responses meeting the criteria of platelet, neutrophil, or erythroid response.

Complete response (CR) was defined by the presence of ≤5% blasts in the bone marrow without indication of dysplasia, a platelet count increase ≥100 × 109/L, a hemoglobin increase ≥110 g/L, an absolute neutrophil count (ANC) increase >1.0 × 109/L, and no blast cell in the peripheral blood. For partial response (PR), responding patients must fit all CR criteria, but with bone marrow blasts reduced by ≥50% over the pretreatment value (23).

Safety was assessed from the incidence and severity of adverse events and classified according to the National Cancer Institute Common Toxicity Criteria for Adverse Events, version 5.0 (24). Bleeding episodes were recorded as adverse events, and bleeding adverse events grade 2 or higher severity were considered clinically significant. The definition of disease progression was ≥50% increase in blasts and at least <50% decrement from maximum response in platelets or a reduction in hemoglobin by ≥20 g/L or transfusion dependence (20, 22).



Sample Size and Statistics Analysis

We assumed that the platelet response in patients treated with rhTPO might be 1.3 times that of the controls (based on the experience of rhTPO in newly diagnosed adult primary ITP) (21). Power calculation indicated that if we want to have an 85% chance of rejecting the hypothesis with no difference at the level of 0.05, we needed 62 patients in each group. At the intermediate analysis, when we had recruited about 40 patients, we found that those treated with rhTPO already had significantly higher platelet response than those without rhTPO treatment. To avoid the hemorrhage-associated events for patients without rhTPO treatment, we stopped recruiting participants afterwards.

The summary statistics for patient demographics and laboratory measurements were presented using the median and range or percentage. Fisher’s exact test or the chi-square test and Student’s t-test were used to calculate the significance of the difference between the rhTPO and non-rhTPO groups. Covariate effects on the platelet response rate were evaluated using univariable logistic regression, with statistical inference presented using the corresponding standard errors. A p-value <0.05 was considered statistically significant. All statistical analyses were performed using SPSS (version 21.0).




Results


Basic Patient Characteristics

Seventy-four patients were screened for eligibility, and 34 patients were excluded for not meeting the inclusion criteria. Forty patients were ultimately enrolled, of whom 20 were assigned to the rhTPO group and the other 20 to the non-rhTPO group (Figure 1). Five patients in the non-rhTPO group were lost within 3 months at the initial follow-up and were excluded from the final analysis. The remaining 35 patients completed the designed treatment and were followed for at least 1 year. The median follow-up times were 14 months (12–24 months) in the rhTPO group and 15 months (12–20 months) in the non-rhTPO group.




Figure 1 | Trial profile. Seventy-four patients were screened for eligibility; 34 patients were excluded for not meeting the inclusion criteria. Forty patients were ultimately enrolled, of whom 20 were assigned to the recombinant human thrombopoietin (rhTPO) group and the other 20 to the non-rhTPO group. Five patients in the non-rhTPO group were lost within 3 months at the initial follow-up and were excluded from the final analysis. The remaining 35 patients completed the designed treatment.



For the rhTPO group (n = 20), the median age was 57 years (range = 41–91 years) and 11 patients (55%) were males. Eleven patients (55%) were assessed as low risk and the remaining 9 (45%) patients were determined as intermediate-1 risk based on the Revised International Prognostic Scoring System (IPSS-R) risk classification. Among them, 4 (20%) patients had refractory cytopenia with unilineage dysplasia, 14 (70%) had refractory cytopenia with multilineage dysplasia, and 2 (10%) had myelodysplastic syndrome—unclassified. For the non-rhTPO group (n = 15), the median age was 54 years (range = 46–82 years) and 6 (40%) patients were males. Nine (60%) patients were low risk and 6 (40%) patients were determined as having intermediate-1 risk MDS. Four (26.7%) patients had refractory cytopenia with unilineage dysplasia, 8 (53.3%) patients had refractory cytopenia with multilineage dysplasia, and 3 (20%) patients had myelodysplastic syndrome—unclassified. The median hemoglobin, neutrophil and platelet counts were 82g/L (range = 49–132), 1.77 × 10 (7)/L (range = 0.12–6.63), and 17 × 109/L (range = 6-29) for patients in the rhTPO group and were 89 g/L (range = 45–115), 1.52 × 109/L (range = 0.31–4.50), and 18 × 109/L (range = 7–29) for patients in the non-rhTPO group, respectively.

An abnormal karyotype was shown by 3 (15%) patients [trisomy 8 and del(12p) and del (20q)] in the rhTPO group and by 2 (13.3%) patients [trisomy 19 and del(20q)] in the non-rhTPO group, which was based on the results from the chromosome banding analysis at the diagnostic workup.

Furthermore, according to the IPSS cytogenetic risk classification, 4 (20%) patients from the rhTPO group and 3 (20%) patients from the non-rhTPO group were classified as intermediate risk (p = 1.000); the remaining patients (80%) in the two groups were good risk. There was no difference in concomitant treatment during the study period. All baseline characteristics were similar between the two groups. Detailed information is outlined in Table 1.


Table 1 | Patient characteristics at baseline.





Response

In the rhTPO group, three patients discontinued the treatment after 1 month of therapy due to platelet counts higher than 50 × 109/L. Four patients stopped treatment because of platelet counts higher than 50 × 109/L after 2 months of therapy; 13 patients were treated with rhTPO for 3 months. The median therapy duration for rhTPO treatment was 3 months (range = 1–3 months). The therapy response at 1, 2, 3, 6, and 12 months is summarized in Figure 2. The overall response rates (ORRs) at 1, 2, 3, 6, and 12 months were 0%, 15%, 20%, 40%, and 60% for the rhTPO group and 0%, 6.7%, 20%, 40%, and 66.7% for the non-rhTPO group, respectively (p > 0.05). Meanwhile, the complete response rates (CRRs) were 0%, 10%, 10%, 15%, and 15% for the rhTPO group and 0%, 0%, 0%, 6.7%, and 13.3% for the non-rhTPO group at 1, 2, 3, 6, and 12 months, respectively (p > 0.05). A significant hematologic response was observed at 1 and 2 months after treatment (40.0% vs. 0%, p = 0.006; 55.0% vs. 0%, p = 0.001, respectively). However, the hematologic response at 3, 6, and 12 months was not statistically different between the two groups (p > 0.05).




Figure 2 | Bar plots showing the therapy response rates at different time points in the recombinant human thrombopoietin (rhTPO) group and the non-rhTPO group. Platelet response (A), hemoglobin response (B), neutrophil response (C), hematologic response (D), complete response (E), and overall response (F) rates at 1, 2, 3, 6, and 12 months in the rhTPO and non-rhTPO groups.



Although there was no significant difference at 1, 2, 3, 6, and 12 months for the hemoglobin and neutrophil response between the two groups, a significant platelet response was observed at 1 and 2 months after treatment (40% vs. 0%, p = 0.006; 55.0% vs. 0%, p = 0.001, respectively). However, the platelet response at 3, 6, and 12 months was not statistically different between the two groups (p > 0.05).

Similarly, the rhTPO group had a shorter time to achieve a platelet transfusion-free state compared with the non-rhTPO [2 (range = 1–6) vs. 4.5 (range = 2–12) months, respectively, p = 0.034], although the rate of platelet transfusion independence at 1 year was not significantly different between the two groups (14/20 vs. 10/15, p = 0.976).

No severe bleeding events were observed in either group for the first 3 months after treatment. However, for the rhTPO group, one patient developed obvious skin petechiae at 5 months, which disappeared after platelet transfusion; another patient had intracranial hemorrhage (ICH) at 6 months after rhTPO discontinuation and died later. For the non-rhTPO group, one patient developed hematuria at 7 months, but improved after platelet transfusion.

With compatible baseline values, the megakaryocyte counts were 11 (range = 0–38) and 9 (range = 0–32) at 6 months for patients in the rhTPO and non-rhTPO group, respectively (p = 0.761). Meanwhile, there was also no increase in reticulin or fibrosis in any examined bone marrow after 6 and 12 months of treatment in either group.

Due to the small number of patients, we did not find positive predictors for hematologic response or platelet response when we included factors such as age, baseline hemoglobin, ANC, platelet level, lactate dehydrogenase (LDH), and SF (p > 0.05; Table 2).


Table 2 | Univariable logistic model for platelet response.





Final Outcome

For the rhTPO group, 3 (15%) patients had disease progression with a median time of 9 months (range = 6–9 months) (Table 3). One patient who presented with IPSS-R intermediate-1 and normal karyotype at baseline, responded at 3 months, but the platelet counts declined after 9 months. She was found to have deletion 7q chromosome abnormality; her myeloblasts increased from <2% to 5% and she progressed to high-risk MDS. Platelets and ANC declined in another patient at 9 months and she became platelet transfusion-dependent. The remaining one patient who had no response to rhTPO therapy had a decreased platelet count to 2 × 109/L and died from cerebral bleeding at 6 months after the rhTPO treatment. No other deaths were found during the study period for the rhTPO group.


Table 3 | Clinical characteristics of patients who progressed during follow-up.



For patients in the non-rhTPO group, 5 (33.3%) had disease progression at a median time of 7 months (range = 6–9 months; Table 3). However, none of them had increased blast cell percentage or advance in cytogenetic findings. Of these patients, four remained platelet transfusion-dependent and the other one patient presented with PNH clone at 6 months, but did not meet the IWG criteria for disease progression. No patients died during the follow-up.



Safety

One patient in the rhTPO group who had no response to therapy had a grade 4 adverse event (ICH) and died. No other serious adverse events occurred in both groups (Table 4). Most of the adverse events were either grade 1 or 2. Fatigue (10%), infection (10.0%), drug-related liver injury (15.0%), and gastrointestinal disorders (20%) were the most common adverse events in the rhTPO group. Drug-related liver injury (13.3%), infection (13.3%), and gastrointestinal disorders (20%) were the main adverse events in the non-rhTPO group. No significant difference in the drug-related adverse events was found between the two groups (p > 0.05).


Table 4 | Adverse events.






Discussion

TPO is an endogenous factor that regulates the proliferation and maturation of megakaryocytes and the generation of platelets, which plays a biological role by binding to c-MPL, a specific receptor on the surface of hematopoietic stem cells and megakaryotic progenitor cells and activates the signaling pathway of Janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3) (21, 25–27). In this proof-of-concept study, patients newly diagnosed with LR-MDS were enrolled. The baseline characteristics of the two groups were compatible. Our study showed that the addition of rhTPO can accelerate the recovery of platelets for the first 2 months of treatment and decreased the platelet transfusion rate at the early stage of treatment compared with the control group, which can be verified by studies focused on other thrombocytopenia diseases, i.e., studies on ITP or AA, which we mentioned previously (22, 28).

For newly diagnosed LR-MDS, short-term treatment with rhTPO can benefit platelets for the first 2 months, with the benefit disappearing after 3 months. This is probably due to the relatively short treatment duration of rhTPO, which might be solved by prolonged rhTPO treatment. However, since rhTPO has to be administered subcutaneously, it is not very convenient for long-term use. Some TPO-RAs such as EPAG have shown effectiveness in LR-MDS. Administration can be changed to oral TPO-RAs if patients do not respond well. However, it should also be noted that rhTPO has different binding sites and may have other subtle mechanistic differences from other TPO-RAs (29, 30). It may also not have long-term maintenance effects, as observed in other TPO-RAs.

Nevertheless, this was meaningful in clinical practice because most of the bleeding happened at the early time after diagnosis when other treatments for MDS did not work yet. Collectively, these findings suggested that the addition of rhTPO can accelerate the early platelet response in patients with LR-MDS, but this benefit did not transform to overall response at different time points of the study. The hematopoietic stimulation of TPO-RAs such as EPAG or romiplostim in patients with AA or MDS had been well investigated (31).

In terms of therapy response, 55% and 47% of MDS patients achieved platelet response after romiplostim or EPAG therapy at 4 or 16 weeks, respectively (15, 16). Furthermore, unilineage and bilineage responses were observed in 46% (5/11) and 55% (6/11) of patients with low–intermediate risk-1 MDS at 16 weeks after the start of EPAG treatment (32). This may be explained by the fact that c-MPL exists on the surface of various hematopoietic cells, including hematopoietic stem cells and hematopoietic progenitor cells of various lines (25, 33–35). Unlike other TPO-RAs, rhTPO mainly induces megakaryocyte development and platelet production and has less effect on erythroid and granulocyte differentiation (26, 27), which illustrated our findings for platelet response only. Another concern is the short-term treatment of rhTPO. We devised the 7 days per month for 3 months regimen because most of the patients cannot tolerate long-term injection per month. However, in the present study, we also observed the tendency of higher neutrophil counts at 1–3 months after rhTPO therapy, although not statistically significant. The dose-dependent effects on hematologic response, like those observed with EPAG or romiplostim, may need future experiments with a higher dose or longer-term administration of rhTPO.

Another concern for TPO-RAs was the clone evolution. As reported previously, the trial was stopped because of concerns related to excess blasts and progression to AML in the romiplostim arm, but the 5-year follow-up did not demonstrate an increased risk of AML or death (16, 17). However, a transient elevation of circulating blasts was observed in ~10% of patients, for which close monitoring was recommended, as well as avoidance of TPO-RA use in MDS patients with excess blasts (>5%). To avoid the possible transformation to high-risk MDS or AML, we carefully excluded those with excess blasts, although one patient in the rhTPO group developed deletion 7q chromosome abnormality and had myeloblast increase from <2% to 5% at 9 months. −7/del (7q), a well-known frequent occurrence in MDS patients, had been reported in a LR-MDS patient after treatment with EPAG (31). Although the number was too low to draw any conclusions, close monitoring and a longer follow-up time are needed in the future. As for disease progression, more platelet deterioration was noted in the non-rhTPO group, although not significant. In addition, bone fibrosis was not observed in our study, as verified by other studies showing that rhTPO did not increase transformation to MDS and the degree of fibrosis in patients with AA (21, 25).

As for the side effects, consistent with the adverse event profiles reported by rhTPO-related studies (21, 25), the adverse events in this study were mild and recoverable from with or without medications. ICH was the most common life-threatening bleeding complication in patients (36), which occurred in one patient who did not respond to rhTPO when the platelet count was 2 × 109/L. This accidentally serious adverse event highlighted the importance of the prevention of bleeding-related adverse events as early as possible in patients who are resistant to rhTPO. Thromboembolic risk is another important aspect that needs special attention in treatment with TPO-RAs. An updated systematic review revealed that the use of eltrombopag or romiplostim was associated with a higher risk of thromboembolic events (relative risk = 1.81, 95% CI = 1.04–3.14) in adult thrombocytopenic patients (37). With regard to rhTPO, we did not notice thromboembolic events, so far; however, the dose of rhTPO should be carefully adjusted in rapid responders, especially for elderly patients, and careful monitoring for such events is mandatory.

In terms of the interaction between stanozolol and rhTPO, there are no publications so far on the interactions between these two drugs; however, as shown in our previous study, stanozolol can improve erythropoiesis through the erythropoietin (EPO) and erythropoietin receptor (EPOR) pathways and regulate immune dysfunction in patients with AA (38). It does not change the level of TPO in patients with AA. Therefore, it probably does not affect the action of rhTPO in LRM-MDS patients.

There are some unavoidable limitations in our study. Firstly, some of the patients in the non-rhTPO group withdrew at the early stage and were lost to follow-up. This can cause bias because these patients may have had poor response or had serious complications that we did not know about. Secondly, this prospective cohort enrolled only 35 eligible patients; therefore, some of the findings can be underestimated due to the small sample size. Finally, for the rhTPO group, rhTPO was administered at a fixed dosage, which may have resulted to a higher false-negative rate in the rhTPO group because patients who did not react to the lower dose of rhTPO may respond to a higher dose, as observed in other TPO-RAs. Even with these limitations, our results, for the first time, indicated that rhTPO was effective and well tolerated, with no evidence of increasing clone evolution for patients with LR-MDS. Further prospective clinical trials with a higher rhTPO dose and a longer follow-up in a larger patient cohort might be valuable.
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Adverse events (n, %) All patients (n = 35) rhTPO group (n = 20) Non-rhTPO group (n = 15) p-value
Infection rate 4 (11.4%) 2(10.0%) 2(13.3%) 0.980
Drug-related liver injury 5 (14.3%) 3(15.0%) 2(13.3%) 0.991
Drug-related renal injury 2(6.7%) 1(5.0%) 1(6.7%) 0.979
Fatigue 3 (8.6%) 2(10.0%) 1(6.7%) 0.809
Gastrointestinal disorders (diarrhea, nausea, and abdominal pain) 7 (20.0%) 4 (20.0%) 3 (20%) 1.000
1(2.6%) 1(56.0%) 0(0%) 0.999

Intracranial hemorrhage

rhTPO, recombinant human thrombopoietin.
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Baseline characteristics Total (n = 35) rhTPO group (n = 20) Non-rhTPO group (n = 15) p-value

Age (years), median (range) 55 (41-91) 57 (41-91) 54 (46-82) 0.640
Male/female, n (%) 17 (48.7)/18 (51.3) 11 (65)/9 (45) 6 (40)/9 (60) 0.287
WHO classification, n (%)

RCUD 8(22.8) 4(20) 4(26.7) 0.994

RCMD 22 (62.9) 14 (70) 8(53.3)

MDS-U 5(14.3) 2(10) 3(20)
IPSS-R risk, n (%)

Low 20 (67.1) 11 (85) 9 (60) 0.999

Intermediate-1 15 (42.9) 9 (45) 6 (40)
Neutrophil count (10%L), median (range) 1.66 (0.12-6.63) 1.77 (0.12-6.63) 1.52 (0.31-4.50) 0.807
Platelet count (10%/L), median (range) 19 (6-29) 17 (6-29) 18 (7-29) 0.478
Hemoglobin (g/dl), median (range) 87 (45-132) 82 (49-132) 89 (45-115) 0.816
ALT (U/L), median (range) 14 (10-22) 7 (15-21) 12 (10-22) 0.230
AST (U/L), median (range) 16 (8-24) 16 (11-24) 15 (8-23) 0.832
TBIL (umol/L), median (range) 14.3 (8.2-17.4) 13.3 (8.2-16.6) 16.3 (11.7-17.4) 0.226
Cr (umol/L), median (range) 71.0 (50-91) 70.5 (50.0-91.0) 78.0 (54.0-89.0) 0.577
Serum ferritin (g/dl), median (range) 448 (142-2192) 436 (151-2192) 448 (142-1350) 0.201
Albumnin (g/L), median (range) 40.0 (32-46) 40.5 (33-46) 40.0 (32-44) 0.886
Lactate dehydrogenase (IU/L), median (range) 231 (146-929) 243 (146-929) 219 (167-461) 0.534
rhEPO, median 8(22.9) 4 (20) 4(26.7) 0.859
G-CSF, median 12 (34.3) 7 (35) 5(33.3) 0.975
Follow-up (months), median (range) 15 (6-24) 14 (6-24) 15 (12-20) 0.103

rhTPO, recombinant human thrombopoietin; WHO, World Health Organization; RCUD, refractory cytopenia with unilineage dysplasia; RCMD, refractory cytopenia with muiltiineage
dysplasia; MDS-U, myelodysplastic syndrome—unclassifiable; IPSS-R, Revised International Prognostic Scoring System; ALT, alanine transaminase; AST, aspartate transaminase; TBIL,
total bilirubin; Cr, creatinine; MDS, myelodysplastic syndrome; PNH, paroxysmal nocturnal hemoglobinuria; rhEPO, recombinant human erythropoietin; G-CSF, granulocyte colony
stimulating factor.





