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Treatment with the hypomethylating agent 5-azacytidine (AZA) increases survival in high-risk (HR) myelodysplastic syndrome (MDS) patients, but predicting patient response and overall survival remains challenging. To address these issues, we analyzed mutational and transcriptional profiles in CD34+ hematopoietic stem/progenitor cells (HSPCs) before and following AZA therapy in MDS patients. AZA treatment led to a greater reduction in the mutational burden in both blast and hematological responders than non-responders. Blast and hematological responders showed transcriptional evidence of pre-treatment enrichment for pathways such as oxidative phosphorylation, MYC targets, and mTORC1 signaling. While blast non-response was associated with TNFa signaling and leukemia stem cell signature, hematological non-response was associated with cell-cycle related pathways. AZA induced similar transcriptional responses in MDS patients regardless of response type. Comparison of blast responders and non-responders to normal controls, allowed us to generate a transcriptional classifier that could predict AZA response and survival. This classifier outperformed a previously developed gene signature in a second MDS patient cohort, but signatures of hematological responses were unable to predict survival. Overall, these studies characterize the molecular consequences of AZA treatment in MDS HSPCs and identify a potential tool for predicting AZA therapy responses and overall survival prior to initiation of therapy.
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1 Background

Myelodysplastic syndromes (MDS) are clonal diseases arising in hematopoietic stem cells (HSCs) characterized by altered myeloid differentiation, peripheral blood cytopenia, and frequent accumulation of blasts (1, 2). While most patients experience progressive cytopenia, approximately 30% progress to acute myeloid leukemia (AML) (3). Hypomethylating agent (HMA) therapies including 5’-azacytidine (AZA) and decitabine (DAC) are among the few therapies available for patients ineligible for allogeneic stem cell transplantation, especially patients with high-risk myeloid neoplasms (4, 5).

AZA is an azanucleoside analog of cytidine approved for use in MDS patients in 2004 based on two randomized clinical trials (AZA-001, and CALGB 9221) conducted in HR-MDS patients (6). AZA-001 improved survival in HR-MDS patients compared to standard care irrespective of age, karyotype, or bone marrow (BM) blast percentage, and was associated with increased time to AML progression and reduced requirement for red blood cell transfusion (7). In the CALGB 9221 study, AZA treated patients exhibited slower rates of leukemic transformation, with no differences in survival (8). In addition, the Spanish Group of Myelodysplastic Syndromes showed a lack of improvement in survival in unselected HR patients (9). AZA treatment induces hematological improvement in only 30-40% of treated patients, with most experiencing disease progression on therapy (10). These clinical experiences highlight the need to better understand the mechanisms mediating patient responses to AZA and to identify predictors of response.

The objective of our study was to investigate whether mutational or transcriptional profiles from MDS HPSCs can predict treatment responses. We hypothesized that mutational or transcriptional profiles predictive of treatment response to AZA would be revealed by comparing paired pre-/post AZA MDS samples. We found that somatic mutational burden was reduced following therapy in patients who responded to therapy. In pre-treatment samples, patients who showed reduced blast count were enriched in genes related to cell cycle, while blasts non-responders were enriched for pathways related to stemness. Interestingly, these same pathways did not predict response based on transcriptional profiles generated from post-AZA samples. A transcriptional classifier developed based on comparing gene expression between blast responders and non-responders to age-matched controls could predict patient response to therapy and overall survival in two independent MDS patient cohorts. Overall, these studies provide insights into the molecular mechanisms mediating AZA response and describe a novel transcriptional classifier that can predict survival of MDS patients at diagnosis.


2 Methods

2.1 Patient and control samples

Bone marrow (BM) samples from fourteen patients with MDS (n=11), and MDS transformed to AML (n=3) were collected before and during their treatment with AZA. Patients were diagnosed following the WHO 2017 criteria. Patient median age was 70 years (range: 49-85 years). MDS/AML patient samples were grouped into responder (R) and non-responder (NR) groups based on: i) reduction in the percentage of blasts (Blast Response), or ii) improvement of cytopenias (Hematological Response). Hematological evaluation of AZA response was performed according to the International Working Group (IWG) criteria for MDS and AML (11). Five out of fourteen patients were blast responders (BL-R), seven were blast non-responders (BL-NR), and for the remaining two patients, blast response could not be determined. When classifying patients by hematological response, eight of the fourteen patients were responders (HEM-R), four patients were non-responders (HEM-NR), and for two patients, hematological response could not be determined (different patients than the ones with undetermined blast response). Among the fourteen patients, three patients showed both BL-R and HEM-R, while three other patients were both BL-NR and HEM-NR. Baseline patient characteristics are shown in Table 1, and further detailed in Supplementary Table 1.

Table 1 | Clinical characteristics of MDS patients included in the study.




2.2 Cell separation

Bone marrow mononuclear cells (BMMCs) were isolated from BM samples using Ficoll-Paque Plus (GE Healthcare, Massachusetts, US) density gradients per manufacturer’s instructions. CD34+ cells were isolated by immunomagnetic separation using an autoMACs Pro Separator (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) following the manufacturer´s instructions.


2.3 Nucleic acid extraction

Sorted cells were snap-frozen and stored at -80°C. Total DNA and RNA were extracted using the RNeasy Micro Kit (Qiagen, Valencia, CA, USA) following the manufacturer’s protocol. RNA integrity was assessed on an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) using the RNA 6000 Nano Assay kit. DNA and RNA quantity were assessed by qubit 2.0 (ThermoFisher Scientific, Massachusetts, U.S.A.) using a DNA double-strand kit or an RNA kit (high/broad sensitivity).


2.4 Next generation sequencing

2.4.1 DNA-seq

A custom high throughput sequencing (HTS) panel was made using Design Studio (Illumina,California, U.S.) that included 3,259 probes targeting 1,740 regions including exons, splicing regions and untranslated regions for 117 genes associated with myeloid neoplasms (Supplementary Table 2); the final design covered ~500kb. Libraries were made following Nextera Rapid Capture Custom Enrichment (Illumina, San Diego, CA, USA) protocol. Sequencing was performed on a NextSeq 550 sequencer with a read length of 2 × 150 nucleotides. Variant allele frequency (VAF) cut-off was set at 5% except for 2 specific variants in NRAS and KRAS genes in pre-treatment samples (VAFs 1.27 and 1.83, respectively), for which we detected significantly higher VAFs in post-treatment samples (15.29 and7.19,repectively), suggesting possible clonal expansion, and one variant in TP53 detected with a VAF of 87.48 before treatment and 3.98 after treatment.


2.4.2 RNA-seq

Libraries were prepared using the SMART-Seq v4 Ultra Low Input RNA kit (Clontech, California, U.S.), and sequenced on a HiSeq400 sequencer (Illumina) according to manufacturer´s protocol with a read length of 2 × 150 nucleotides. Following demultiplexing, data quality control, alignment, and generation of a read count matrix, DESeq2 was used for differential gene expression analysis.



2.5 Patient sample scoring in independent data cohorts

We assigned a score to each patient sample in the Pellagatti et al. cohort (12), based on the expression of the responder (R) and non-responder (NR) specific genes (compared to healthy controls), and further ranked the patients based on the Δ(NR-R) score. Patient samples with Δ(NR-R) ≥ median(Δ(NR-R)) were classified as NR-like, and samples with Δ(NR-R) <median(Δ(NR-R)) were classified as R-like. We used similar scoring strategy to re-classify MDS samples in a 2nd MDS cohort, GSE77750 (13).


2.6 Pathway analysis and data visualization

GSEA software package from the Broad Institute (http://www.broad.mit.edu/gsea/) was utilized to analyze enriched biological pathways in patient samples compared to control. R package ggplot2 (https://ggplot2.tidyverse.org.) was utilized to visualize the data.


2.7 Statistical analysis

To analyze the correlation between VAF from BMMC and CD34+ cells, a Pearson correlation coefficient was calculated to determine the strength and direction of their relationship. For investigating the association of different clinical parameters (e.g.MDS morphologic subtype, IPSS-R score) with transcriptional response signatures from publicly available MDS datasets, Pearson’s Chi-squared test with Yates’ continuity correction was implemented in R. For statistical analyses, P values were determined by applying the two-tailed t test for independent samples. All values were expressed as means ± SEM, with significance levels indicated as follows: *, P < 0.05; **, P < 0.005; and ***, P < 0.001. Analyses were performed using GraphPad Prism software.



3 Results

3.1 AZA alters mutational profiles in MDS

Mutations were identified in eleven out of twelve patients (91.6%). A total of 48 mutations and amedian of 4 mutations [range 0-9] per patient were observed. A detailed description of all the mutations is provided in Supplementary Table 3. AZA treatment reduced the mutational allele burden in at least one gene, in eight out of eleven (72.7%) patients. This decrease was more prominent in R than in NR patients (Figure 1A). All patients with TP53 mutations exhibited blast or hematological response (BL-R, HEM-R) and showed reductions in TP53 VAF post-AZA. In contrast, patients with BCOR mutations did not exhibit either type of response, and 3 out of 4 BCOR mutations identified in three patients showed no change in VAFs. Two patients with DNMT3A p.R693H mutations showed VAF reduction and BL-R or HEM-R, while two patients with mutations in other regions of DNMT3A neither showed changes in VAF nor achieved either type of response. Patients with KRAS and NRAS mutations pre-AZA displayed variable responses. For example, patient 2 with mutations in MTOR, RUNX1, KRAS, and NRAS pre-AZA, showed increased KRAS and NRAS VAFs post-AZA, and did not achieve blast or hematological response. Patient 9 acquired an additional mutation in KRAS while the NRAS burden decreased post-AZA. This patient did not experience a reduction in blast count and remained stable. In contrast, patient 5 harbored mutations in TP53, KRAS and NRAS at diagnosis, and VAFs for all 3 mutations decreased or became undetectable following AZA, despite the fact that the patient did not show BL-R or HEM-R.



Figure 1 | Comprehensive landscape of mutations in the MDS cohort. (A) Dynamics of gene mutations in CD34+ cells during AZA treatment. Genes are represented in rows; each column represents a patient. Dynamics are represented by a color gradient: green/cyan for newly acquire/increasing mutations, cobalt blue for stable mutations, and navy/violent colors for decreasing/disappearing mutations. (B) Proportion of transitions and transversions and how they change after AZA treatment. (C) Graphical representation of transition mutations and how they change after AZA treatment. (D) Ratio between VAF from BMMCs and CD34+ population. Blue plots represent mutations before AZA treatment and orange plots represent mutations after therapy.



Nucleoside inhibitors such as AZA can alter the composition of the dNTP pool, thereby inducing DNA damage responses and cell death (14). To assess if AZA alters nucleotide substitutions due to an imbalanced dNTP pool, we measured the frequencies of transitions and transversions. Pre-AZA samples showed transition and transversion proportions of 47.9% and 35.4%, respectively (Figure 1B). Notably, AZA treatment led to a significantly greater VAF reduction in transitions than transversions. In contrast, 76.5% of transversions exhibited no change in VAF versus 34.8% of transitions (Figure 1B). Among transition mutations, C>T was the most frequent, with eight cases exhibiting decreased, three cases exhibiting loss, and two cases exhibiting gain or stable VAF (Figure 1C). To determine the contribution of malignant clones to mature hematopoietic cells, we compared VAFs of CD34+ cells and matched BMMCs. While there was a high VAF correlation between pre-/post- AZA samples for both cell types (r=0.73), BMMCs consistently showed slightly higher VAFs (Figure 1D).


3.2 AZA treatment induces widespread gene expression changes in MDS HSPCs

We compared the transcriptional profiles of pre- and post-AZA MDS HSPCs with age-matched, healthycontrols. Pre-treatment HSPCs exhibited 584 up-regulated genes and 1,040 down-regulated genes compared to controls (abs log2fold change (FC)≥1, p-value<0.01) (complete list in Supplementary Table 4). Post-AZA treatment samples showed 270 up-regulated and 1,230 down-regulated genes (abslog2fold change (FC)≥1, p-value<0.01) compared to controls (complete list in Supplementary Table 5). Pathways significantly enriched in pre-AZA patient HSPCs included oxidative phosphorylation and MYC targets. Post AZA treatment, all of these pathways lost enrichment, while pathways associated with unfolded protein response, secretion, reactive oxygen, interferon alpha, cell cycle, and DNA repair were enriched (Figure 2).



Figure 2 | Transcriptional analysis of MDS HSPCs in comparison to healthy control CD34+ cells. Pathway analysis of pre- and post-treatment MDS HSPCs in comparison to healthy, age-matched controls.




3.3 Gene signatures at diagnosis differ based on AZA response type

3.3.1 Blast response

To identify pathways that might determine blast response, we identified the differentially expressed genes (DEGs) in pre-treatment samples of blast responder (BL-R) and blast non-responder (BL-NR) patients compared to age-matched controls. Genes up-regulated in BL-R patients were enriched in pathways such as protein secretion, MTOR signaling, E2F targets, DNA repair, and apoptosis, consistent with an enrichment of cycling cells. In contrast, genes up-regulated in BL-NR patients were enriched for pathways such as TNFa signaling via NFkB and MYC target genes (Figure 3A). TNFa signaling has been shown to promote HSC renewal and myeloid-biased regeneration (15) as well as leukemia-initiating cell capacity in AML (16). MYC is a well-known driver of AML pathogenesis and promotes leukemia stem cell (LSC) self-renewal and chemotherapy resistance (17–19). Since these data suggest that AZA resistance is due to enrichment for LSC transcriptional programs, we assessed the expression of LSC genes (20). BL-NR patients showed increased expression of these genes compared to BL-R patients and controls (Figure 3B).



Figure 3 | Transcriptional profiles of MDS patients associated with blast response before AZA treatment. (A) Pathway analysis of blast responders (BL-R) and non-responders (BL-NRs) before treatment with AZA. (B) Expression of LSC-17 genes in MDS HSPCs, based on BL-R and BL-NR gene signature. (C) Immunological pathway analysis of BL-R and BL-NRs before treatment with AZA. (D). Pathway analysis of hematological responders (HEM-R) and non-responders (HEM-NRs) before treatment with AZA.



Since the immune system surveils neoplastic HSPCs in MDS/AML (21), we next investigated whether HSPCs in MDS exhibit evidence of cell-intrinsic differences in immune recognition. Notably, BL-R samples were enriched for genes associated with major histocompatibility class II (MHC class II) presentation, while BL-NR samples did not exhibit enrichment of Hallmark immunological pathways, including inflammation-associated and interferon-associated genes (Figure 3C).


3.3.2 Hematological response

Given that hematological and blast responses may depend on distinct molecular mechanisms, we separately investigated samples based on hematological response. Prior to therapy, hematological responder (HEM-R) and hematological non-responder (HEM-NR) patient samples were enriched in pathways such as oxidative phosphorylation and MYC target genes compared to controls, but HEM-NR samples were uniquely enriched for genes present in the E2F target, DNA repair, and heme metabolism signatures (Figure 3D).



3.4 AZA induces similar transcriptional signatures regardless of treatment response

In order to evaluate MDS HSPC responses to AZA treatment, we compared the transcriptional profiles of paired pre-/post-AZA samples.

3.4.1 Blast response

Fewer DEGs were identified in post- vs pre-AZA specimens in BL-R than in BL-NRpatients (1,810 vs 2,300, respectively; complete lists in Supplementary Tables 6, 7). Despite these differences, AZA induced enrichment of almost all Hallmark pathways including cell cycle changes in both BL-R and BL-NR groups, similar to prior studies (22). A notable exception was the TNFa pathway, which was significantly enriched in pre-AZA BL-NR samples. Compared to pre-treatment samples, post-AZA BL-R patients showed enrichment of MYC targets, E2F targets, and DNA repair pathways (Figure 4A), and post-AZA BL-NR samples showed significant expression of cell cycle genes (Figure 4B).



Figure 4 | Transcriptional profiles of pre-/post-AZA treatment MDS HSPCs. (A) Pathways enriched in BL-R and BL-NR samples pre-/post-AZA (B) Cell cycle associated pathways in BL-R and BL-NR samples pre-/post-AZA (C) Pathways enriched in HEM-R and HEM-NR samples pre-/post-AZA.




3.4.2 Hematological response

Post-AZA, more DEGs were identified in HEM-NR than in HEM-R patients (3,202 genes vs 1,570 genes,respectively) (complete lists in Supplementary Tables 8, 9). Pathway analysis showed significant enrichment of the TNFa signaling via NFkB pathway in pre-AZA HEM-R patients, which was lost upon AZA treatment (Figure 4C). Pre-AZA HEM-NR samples showed enrichment of MYC target genes (Figure 4C). Analysis of cell cycle gene expression changes showed that AZA induces cell cycle genes irrespective of hematological response type (Supplementary Figure 1A).



3.5 Blast response to AZA is associated with specific transcriptional programs

To evaluate potential AZA induced changes in differentiation, we performed a CIBERSORTx analysisusing established gene expression profiles from healthy HSPC populations (23). Comparisons of pre- and post-AZA samples revealed no significant changes among the HSPC populations assessed (Supplementary Figure 1B). Early (low-risk) MDS shows reduced frequencies of immunophenotypically defined B-cellprogenitors (24). While pre-AZA HSPCs showed down-regulation of B-lymphocyte genes (43 out of 56 genes) compared to healthy controls (Table 2; Supplementary Table 10), CIBERSORTx analysis predicted negligible numbers of common lymphoid progenitors (CLP) in patient samples. After AZA treatment, specific B-cell development genes were induced, with 30 genes up-regulated in post-AZA vs pre-AZA, but CIBERSORTx did not predict a restoration of CLP numbers. While BL-R samples showed a trend toward up-regulation of B-cell development genes compared to BL-NR samples, no correlation was found between hematological response and induction of B-cell genes.

Table 2 | Average expression of B-cell development genes in healthy controls, pre- and post-AZA treatment in blast responder (BL-R) and non-responder (BL-NR) patients.




3.6 Blast response gene signature can predict AZA response and overall survival

To determine whether gene signatures associated with blast response may predict MDS/AML patient outcomes, we first generated gene expression profiles for the pre-AZA BL-R and BL-NR groups by identifying genes significantly and uniquely expressed in each group compared to healthy, age-matched controls. BL-R and BL-NR groups comprised 1,292 and 1,748 genes respectively. We then generated a score that would allow measurement of the similarity of any diagnostic MDS sample to the BL-R or BL-NR patients in our cohort, and enable assignment of each new patient sample to BL-R-like or BL-NR-like groups based on their transcriptional score. Utilizing this strategy to classify 183 MDS patients [GSE19429 (12)], we found that BL-NR-like patients showed significantly poorer survival than BL-R-like patients (Figure 5A). We further stratified the BL-NR-like patients into BL-NR-like ‘high’ and BL-NR-like ‘low’ groups. BL-NR-like ‘high’ patients showed significantly shorter survival compared to NR-like ‘low’ patients (Figure 5B). No significant differences in survival were observed between BL-R-like ‘high’ and BL-R-like ‘low’ groups, although BL-R-like ‘high’ patients showed a trend towards longer survival (Figure 5C). We evaluated the available clinical parameters for these two groups of patients, and foundthat compared to the BL-NR-like patients, BL-R-like patients were significantly enriched forpatients in the very low IPSS score group (Pearson’s Chi-squared test with Yates’ continuity correction p-value =0.05) as well as in the refractory anemia with ring sideroblasts (RARS) morphologic subtype of MDS (Pearson’s Chi-squared test with Yates’ continuity correction p-value =0.04) (Supplementary Figure 2). We also investigated the clinical parameters associated with 37 MDS patients re-classifiedas putative BL-NR-like and BL-R-like in a second data cohort [GSE111085 (25)], but did not find any significant association with any IPSS category or disease subtype (Supplementary Figure 2).



Figure 5 | Kaplan-Meier survival analysis of MDS patients, based on BL-R and BL-NR gene signature (A) Survival analysis of patients, recorded in GSE19429, based on sample classification into blast R-like, or NR-like, according to our blast-R and blast-NR gene signature. (B) Survival analysis of NR-like patients from (A), based on high, or low expression of blast-NR signature. (C) Survival analysis of R-like patients from (A), based on high, or low expression of blast-R signature. (D) Survival analysis of patients recorded in GSE77750, classified as blast-R-like or NR-like, based on our blast-R and blast-NR gene signature.



To further investigate the ability of our transcriptional classifier to predict survival, we examined the publicly available gene expression profiles of 22 MDS/AML patients (13 responders and 9 non-responders; GSE77750) (13). We applied our approach to derive independent BL-NR and BL-R gene signatures from this dataset and classified the MDS patients in (12) as BL-NR-like and BL-R-like. When the GSE77750-derived transcriptional classifier was used, BL-NR-like patients exhibited significantly worse outcomes than BL-R-like patients (Figure 5D). Of note, our prognostic transcriptional classifier outperformed the algorithm originally described in this study.

We next evaluated MDS patient outcomes in the patient cohort in ref (12). using the same strategy to develop a transcriptional classifier based onhematological response. HEM-NR-like patients did not exhibit significant differences in survival compared to the HEM-R-like patients (Supplementary Figure 3). Examination of clinical histories revealed that three of the HEM-R patients (P1, P10, P13) also were BL-NRs. Given the potential contribution of blast number to patient outcomes, we re-evaluated the cohort after excluding these 3 patients from the analysis. This analysis confirmed no difference in survival between HEM-R-like and HEM-NR-like patients (data not shown).



4 Discussion

For over a decade, AZA has been the standard of care for MDS. However, only ~50% of patients will respond, and even those who do, have a poor prognosis after initial response (4, 25). Furthermore, clinical outcomes for AZA refractory/relapsed patients are extremely poor (25, 26). We evaluated paired pre-/post-AZA samples to better understand the biological consequences and mechanisms of AZA therapy. We found that AZA reduced the mutational burden in the majority of patients, particularly in those who exhibited clinical response to therapy. Our limited data appear to confirm prior reports that AML/MDS patients harboring TP53 and DNMT3A p.R696H mutations respond to HMA therapy (27, 28). 3 patients harboring mutations in BCOR mutations exhibited no response, suggesting its role in AZA resistance, as has been suggested by prior studies in AML (29). We also observed that transitions, especially C>T, predominated over transversions, consistent with previous studies (30). Interestingly, the VAF of transition mutations was reduced or disappeared in most cases, suggesting that the 5mC mutations may be reversed by AZA. Collectively, these findings highlight the mutation-specific alterations associated with AZA response.

Comparison of pre-AZA HSPCs to age-matched healthy controls revealed enrichment of several pathways that promote self-renewal of HSC and LSCs. However, following AZA treatment, MDS HSPCs showed widespread induction of pathways including those associated with inflammation, cell cycling, and apoptosis. To detect potential outliers in our sample cohort, we conducted single sample GSEA (ssGSEA), but did not identify clear outliers based on pathway differences (data not shown). Although these pathway changes were observed in all patients regardless of blast or hematological response, blast non-responder (BL-NR) patients showed a lack of enrichment for cell cycle-associated pathways pre-treatment, consistent with prior reports that AZA resistant HSPCs are more quiescent (25). Compared to blast responder (BL-R) patients and age-matched healthy controls, BL-NR patients exhibited increased expression of a clinically-relevant LSC- signature. Additionally, BL-NR HSPCs showed lower expression of genes associated with MHC class II presentation than BL-R HSPCs, indicating that differences in immune cell recognition and clearance may affect patient response to AZA therapy. This is consistent with prior studies demonstrating the importance of immune cell-mediated blast clearance in MDS and AZA enhancement of this activity (31–35). Collectively, these findings indicate that multiple cell-intrinsic differences contribute to AZA resistance in MDS HSPC.

While prior studies have attempted to develop transcriptional signatures that predict AZA response or survival, these efforts have not resulted in robust methods to predict outcomes (13, 25). In contrast to previous studies, we compared patient samples to healthy controls and refined gene sets by only considering genes associated with the presence or absence of response. Our method applied to one MDS patient cohort (13) outperformed the prognostic gene signature derived utilizing gene expression data from the same cohort.

While our studies suggest that a transcriptional classifier may be used to predict AZA responses, they only focused on genomic and transcriptomic changes following AZA treatment. We expect that an integrated evaluation of epigenetic and post-transcriptional states with mutational and transcriptional states associated with AZA resistance would increase our ability to predict patient responses to AZA.
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Characteristics Median (range)

Age (years) 70 (49-85)
Sex (n,%):

Male/Female: 6 (42.9%)/8 (57.1%)

Blood cells count basal:

Platelets (x 10°/mm?) 138.6 (9-470)
White blood cells (x 10>/mm?) 5.8 (1.2-36.6)
Hemoglobin (g/dL) 10.2 (7.2-14.9)
Absolute Neut(rlog;l;il) Count (ANC) 5.8 (12-366)
Bone Marrow blast (%) 13 (0.5-70)
IPSS-R Category:
High/Intermediate 9/2
Diagnosis (n, %)
MDS-EB-1 4, 28.6%
MDS-EB-2 V 5, 35.7%
MDS-MLD 2, 14.3%
AML-MRC 3,21.4%

Type of Response (n, %)

Blast/Hematological 5 (35%)/8 (57%)

MDS-EB-1 (MDS with excess blasts, type 1) is characterized by 5-9% blasts in the bone
marrow or 2-4% blasts in the blood; MDS-EB-2 (MDS with excess blasts, type 2) is
characterized by 10-19% blasts in the bone marrow or 5-19% blasts in the blood; MDS-
MLD, MDS with multilineage dysplasia; AML-MRC, Acute myeloid leukemia with
myelodysplasia-related changes.





