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Abstract

U2AF1 mutations (U2AF1MT) occur commonly in myelodysplastic syndromes (MDS) without 

ring sideroblasts. The aim of this study was to investigate the clinical and biological implications 

of different U2AF1 mutation types in MDS. We performed targeted gene sequencing in a 

cohort of 511 MDS patients. Eighty-six patients (17%) were found to have U2AF1MT, which 

occurred more common in younger patients (P = .001) and represented ancestral lesions in a 

substantial proportion (71%) of cases. ASXL1MT and isolated +8 were significantly enriched in 

U2AF1MT-positive cases, whereas TP53MT, SF3B1MT, and complex karyotypes were inversely 

associated with U2AF1MT. U2AFS34 subjects were enriched for isolated +8 and were inversely 

associated with complex karyotypes. U2AF1MT was significantly associated with anemia, 

thrombocytopenia, and poor survival in both lower-risk and higher-risk MDS. U2AF1S34 subjects 

had more frequently platelet levels of <50 × 109/L (P = .043) and U2AF1Q157/U2AF1R156 subjects 

had more frequently hemoglobin concentrations at <80g/L (P = .008) and more often overt fibrosis 

(P = .049). In conclusion, our study indicates that U2AF1MT is one of the earliest genetic 

events in MDS patients and that different types of U2AF1MT have distinct clinical and biological 

characteristics.

1 ∣ INTRODUCTION

Myelodysplastic syndromes (MDS) comprise a heterogeneous group of clonal hematopoietic 

neoplasms characterized by ineffective and dysplastic hematopoiesis that presents clinically 

as peripheral blood cytopenias and by a variable propensity to progress to acute myeloid 

leukemia.1 Over the last 10 y, DNA sequencing has revolutionized our understanding 

of the pathogenesis of this disease, establishing that MDS arises through a sequential 

acquisition of somatic mutations in a set of recurrently involved genes.2-8 Since the initial 

discovery of spliceosome gene mutations in MDS,9,10 it is now known that spliceosome 

genes represent the most common targets of mutations in patients with MDS. Mutations 

in spliceosome genes, most commonly SF3B1, U2AF1, SRSF2, and ZRSR2, have been 

identified in approximately half of MDS patients.4-10 This suggests that SF3B1, SRSF2, 

and U2AF1 may be proto-oncogenes, as they are subject to highly specific missense 

mutations that are suggestive of gain- or alteration- of function.11-13 Thus, alterations in 

RNA splicing caused by spliceosome gene mutations add to the general transcriptional 

dysfunction that characterizes MDS and related myeloid malignancies. SF3B1 was the first 

spliceosome family member to be implicated, and is significantly associated with ringed 

sideroblasts.9,14,15 Besides SF3B1, U2AF1 is a common (~10%) mutated spliceosome gene 

in MDS.5,6,10,16-18 Understanding the clinical features and biological implications of U2AF1 
mutation (U2AF1MT) in MDS is only just beginning to emerge.19-21

To investigate the clinical impact of U2AF1MT in MDS, we studied a cohort of 511 

patients. We compared the mutational landscapes of U2AF1MT subjects, their clinical 
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associations, survival, and clonal hierarchies. Our aims were to provide insights into the 

pathogenesis U2AF1MT-positive MDS, especially with respect to the clonal architecture 

and different mutation types of U2AF1MT, and to determine whether U2AF1MT should 

be grouped or considered separately, particularly with respect to the potential benefits of 

U2AF1MT inhibitors or pre-mRNA splicing modulators in a clinical context.

2 ∣ MATERIALS AND METHODS

2.1 ∣ Patients

A total of 511 MDS patients were investigated in this study. In the cohort, 308 (60%) were 

males and 203 (40%) females, with a median age of 52 y (range, 14–84 y). All subjects 

provided informed consent in compliance with the Declaration of Helsinki. According to 

the 2016 revised criteria of the World Health Organization (WHO),22 16 (3%) patients 

with MDS with single lineage dysplasia (MDS-SLD), 274 (54%) MDS with multilineage 

dysplasia (MDS-MLD), 14 (3%) MDS with ring sideroblasts (MDS-RS) with single lineage 

dysplasia (MDS-RS-SLD), 5 (1%) MDS-RS with multilineage (MDS-RS-MLD), 83 (16%) 

MDS with excess blasts-1 (MDS-EB-1), 104 (20%) MDS-EB-2, 6 (1%) MDS with isolated 

del(5q), and 9 (2%) MDS unclassifiable (MDS-U) were included in this cohort. Patient 

characteristics are detailed in the Supporting Information Table S1. Bone marrow samples 

were obtained from all patients at diagnosis. A total of 523 samples from 511 patients 

were subjected to targeted 112-gene sequencing (Supporting Information, Table S2). Serial 

samples of five patients were included in the analysis. A total of 457 (89%) patients 

had evaluable karyotypes. The prognostic impact was evaluated with the International 

Prognostic Scoring System (IPSS).23 According to the IPSS, patients were classified as 

lower-risk (Low and Intermediate-1 risk) and the higher-risk groups (Intermediate-2 and 

High risk). A total of 257 (50%) subjects received immune suppressive drugs including 

cyclosporine and thalidomide.24 Sixteen subjects (3%) received anti-cancer therapy(ies) 

including aclacinomycin or homoharringtonine combined with cytarabine and granulocyte-

colony stimulating factor (G-CSF; termed CAG or HAG), idarubicin or daunorubicin 

combined with cytarabine (IA or DA) or melphalan.25 Eighty-two (16%) subjects received 

erythropoietin with or without G-CSF, red blood cell and/or platelet transfusions and/or 

iron chelation with desferrioxamine. Sixty-five (13%) subjects received decitabine, 39 (8%) 

an allotransplant, and 52 (10%) traditional Chinese medicines. Treatment response was 

assessed according to the criteria standardized by the MDS International Working Group.26 

Follow-up data were available for 482 (94%) subjects. Median follow-up for survivors was 

20 mo (range, 1–144).

2.2 ∣ Targeted gene sequencing

DNA was obtained from bone marrow and oral epithelial cells (germline control samples). 

Details about targeted gene sequencing and the copy number at the locus of each 

mutation analysis are described in the Supplementary Methods. We sequenced 112 genes 

across all patients upon diagnosis, resulting in 1067 high-confidence mutation (Supporting 

Information, Table S3). The average gene coverage was 98.1%. The average read depth was 

718×. Also, >95% of targeted regions were covered with >20×.
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2.3 ∣ Analysis of clonal architecture

Variant allele fractions (VAF) can be used to estimate the proportion of tumor cells carrying 

a given mutation and to identify ancestral clonal or subclonal events.27 VAFs were adjusted 

by using the copy number information at the locus of each mutation. Ancestral versus 

subclonal events were determined using a copy number-adjusted VAF difference between 

two events with a higher VAF indicating ancestral origin. We applied this approach in 

patients with two or more mutations to establish the clonal architecture. Given that there 

were two mutations in a patient, the mutation with significantly higher VAF was considered 

as ancestral and both mutations were considered as ancestral when there was no difference 

in VAFs.5,28

2.4 ∣ Statistical analyse

Correlations between sample groups and clinical and laboratory data were calculated with 

the χ2 test for qualitative variables with discrete categories and the Mann–Whitney U 
test or Kruskal–Wallis analysis of variance for continuous variables. Survival distributions 

were estimated by the Kaplan-Meier method. Two-tailed P values ≤.05 were considered 

significant.

3 ∣ RESULTS

3.1 ∣ Gene mutations in MDS

We found 1067 mutations in 83 distinct genes with mutation loads varying from 2% to 

100%. Four hundred and forty (86%) patients had at least one gene mutation, including 

149 (29%) subjects with one mutated gene, 138 (27%) with two mutated genes, 80 (16%) 

with three mutated genes, and 73 (14%) with more than three mutated genes. Eleven genes 

were mutated in more than 5% of patients, namely U2AF1 (17%), SF3B1 (17%), ASXL1 
(14%), TET2 (12%), TP53 (11%), SETBP1 (9%), CEBPA (8%), FAT1 (8%), CREBBP 
(7%), RUNX1 (6%), and DNMT3A (6%). The overall distribution of abnormal karyotypes 

and gene mutations (>1%) are shown in Figure 1A,B. Considering gene mutations combined 

with cytogenetics, 467 (91%) subjects had recurrent genetic abnormalities. Mutated genes 

were grouped into several functional pathways. Among these, the most frequent targets 

were genes associated with spliceosome (37%), followed by signal transduction (34%), 

chromatin modification (28%), transcription factors (24%), DNA methylation (21%), cell 

cycle/apoptosis (17%), and DNA damage control (2%; Supporting Information, Figure 

S1A).

3.2 ∣ Clinical characteristics associated with U2AF1 mutations

Among the 511 patient samples tested, we identified U2AF1MT in 86 (17%) subjects. 

Compared with many MDS-related gene mutation, such as SF3B1, ASXL1, TET2, and 

TP53, U2AF1MT more frequently occurred in younger patients (P = .001, Figure 2A 

and Supporting Information, Figure S1B). Compared with U2AF1 wildtype (U2AF1WT) 

subjects, U2AF1MT subjects more often had anemia (P = .015; Figure 2B) and 

thrombocytopenia (P = .012; Figure 2B). U2AF1MT subjects were more likely to have 

isolated +8 (P < .001; Figure 3A) and less likely to have complex karyotypes (P = .007; 
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Figure 3A) compared with U2AF1WT subjects. U2AF1MT was not associated with a lower 

or higher IPSS risk group (Figure 2C). Of the U2AF1MT mutations, U2AF1S34F (64%, N 
= 55) was the most common, followed by U2AF1S34Y (23%, N = 20), U2AF1Q157R (6%, 

N = 5), U2AF1Q157P (5%, N = 4), and U2AF1R156H (2%, N = 2; Supporting Information, 

Figure S1C). One subject had both S34F and Q157R. Supporting Information, Figure S1D 

shows the distribution of the different types of U2AF1MT within the disease categories. 

Considering the different type of U2AF1 mutations, U2AF1S34 subjects had more frequent 

platelet levels of <50 × 109/L (Figure 4A) and U2AF1Q157/U2AF1R156 subjects had more 

frequent hemoglobin concentrations at <80 g/L (Figure 4B) and more frequent marrow 

fibrosis (MF)-2/3 (P = .002; Figure 4C). Moreover, U2AF1S34 was enriched for isolated +8 

and was inversely associated with complex karyotypes (Figure 4D). However, there was no 

different distribution of the IPSS lower-risk and higher-risk group between subjects with 

different types of U2AF1MT (Figure 4E).

3.3 ∣ Biological characterization of U2AF1MT MDS

Overall, U2AF1MT patients were likely to have more mutations than U2AF1WT patients 

(P < .001, Supporting Information, Table S1). To characterize the molecular features of 

U2AF1MT patients with MDS, we analyzed associations between U2AF1MT and other 

common gene mutations and cytogenetic abnormalities. In univariate comparisons (Figure 

3A), KRASMT (P = .006), ASXL1MT (P = .006), and isolated +8 (P < .001) were 

significantly enriched in U2AF1MT subjects, whereas TP53 MT (P = .04), SF3B1MT (P 
< .001), and complex karyotypes (P = .007) were inversely associated with U2AF1MT 

subjects. To exclude the effects of correlations between different mutations that might 

confound the results, we performed multivariate analysis. SF3B1MT (P = .001, OR = 0.214, 

95% CI: 0.083-0.55) was inversely associated with U2AF1MT subjects, while isolated 

+8 (P < .001, OR = 4.671, 95% CI: 2.510-8.689), KRASMT (P = .008, OR = 3.521, 

95% CI: 1.388-8.934), and ASXL1MT (P = .033, OR = 2.003, 95% CI: 1.059-3.786) 

were significantly enriched in U2AF1MT subjects (Figure 3B). More detailed association 

between different types of U2AF1MT and other gene mutations is shown in Figure 3C.

3.4 ∣ Clonal architecture of U2AF1MT patients

Using copy number-adjusted VAF, we reconstructed the clonal architecture of U2AF1MT 

patients to establish whether a U2AF1MT was an ancestral or subclonal mutation. Figure 

5A-C show examples of clonal architecture of U2AF1MT. Sixty-five patients with one 

or more mutations, except for U2AF1MT, were analyzed. U2AF1MT was an ancestral 

mutation in 46 (71%) patients and was a subclonal mutation in 19 (29%) patients. 

With regard to different mutation types, 41 (75%) U2AF1MT were ancestral mutations 

in 55 patients with U2AF1S34 and 5 (50%) were ancestral mutations in 10 patients 

with U2AF1Q157/U2AF1R156. There was no significant association between ancestral or 

subclonal U2AF1MT and other gene mutations (Supporting Information, Figure S1E). Five 

U2AF1MT MDS-EB patients, who received at least four cycles of single-agent decitabine 

and from whom serial bone marrow samples were available, were enrolled to detect 

gene mutations during treatment. Among these five patients, four had at least one gene 

mutation except for U2AF1MT and one had only U2AF1MT at diagnosis. The clearance 

of U2AF1MT tended to have no correlation with clinical response, but the clearance of 
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leukemia-specific mutations (eg, IDH2, NRAS, and KRAS) correlated closely with clinical 

response (Figure 5D-H). However, definitive conclusions from this subset analysis are 

hindered by the limited number of cases.

3.5 ∣ Prognostic effects of U2AF1 mutations

In our cohort, U2AF1MT was associated with worse overall survival (OS, P = .01; Figure 

6A). In subset analyses, U2AF1MT tended to be associated with worse OS both in lower-

risk patients (P = .076; Figure 6B) and in higher-risk patients (P = .064; Figure 6C). 

Patients with subclonal U2AF1MT tended to have a reduced median OS than patients 

with ancestral U2AF1MT (20 mo vs. not reached, P = .369; Figure 6D). Compared with 

ancestral U2AF1MT patients, we found that subclonal U2AF1MT tended to have a reduced 

median OS in lower-risk patients (22 vs. not reached, P = .211; Figure 6E) but an increased 

median OS in higher-risk patients (20 vs. 17 mo, P = .54; Figure 6F). To identify whether 

the subtype of U2AF1MT impacts OS, U2AF1MT was classified as two types, namely 

U2AF1S34 and U2AF1Q157/R156. MDS patients with U2AF1Q157/R156MT tended to have a 

reduced median survival as opposed to patients with S34 (17 vs. 30 mo, P = .318; Figure 

6G). Compared with U2AF1S34MT patients, U2AF1Q157/R156 MT patients tended to have a 

worse prognosis in lower-risk patients (P = .339; Figure 6H), but not in higher-risk patients 

(P = .989; Figure 6I). Considering that U2AF1S34MT was most frequent in MDS patients, 

we further analyzed whether ancestry or subclone of U2AF1S34MT impacts OS in lower-risk 

and higher-risk patients. In the lower-risk cohort, patients with a subclonal U2AF1S34MT 

tended to have a reduced median OS compared with patients with ancestral U2AF1S34MT 

(22 vs. not reached, P = .153, Supporting Information, Figure S2A). However, in the higher-

risk cohort, patients with ancestral mutations had a worse survival rate than patients with 

subclonal U2AF1S34MT (P = .012, Supporting Information, Figure S2B). Again, definitive 

conclusions from the subset analysis are hindered by the limited number of cases.

4 ∣ DISCUSSION

Genomic analyses have identified that MDS is characterized by a high frequency of 

mutations in genes encoding messenger RNA (mRNA) splicing factors as well as epigenetic 

modifiers.2-7 The discovery of mutations in RNA splicing factors, in particular, was 

quite unexpected as these mutations are generally uncommon in cancer yet are presented 

in about 50% of MDS patients. Acquired U2AF1MT was reported as the third most 

common spliceosome gene mutation, following mutations in SF3B1 and SRSF2 in previous 

studies.4-7 In our comprehensive analysis of 511 MDS patients, we identified that mutations 

involved in the splicing pathway are the most common mutations (37%) in our cohort. 

Compared with previous studies,4-7,16-18 U2AF1MT was slightly more frequent (17%), 

but SRSF2 mutations were rare (2.3%) and obviously less frequent in this cohort, and 

the distributions of S34 versus Q157 mutations were also much higher in our cohort. 

We considered several reasons to explain these differences. Firstly, the age distribution of 

patients is different among these cohorts. Furthermore, there may be fundamental biological 

differences in MDS between Chinese and predominately-Western people, as many well-

defined diseases differ in different races and ethnic groups. For example, in previous studies 

from China,29,30 we also found a higher frequency of +8 in Chinese MDS patients than 
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in patients of predominately European descent and speculated that this difference is due to 

the different exposure levels to chemicals and background ionizing radiation. Certainly, the 

genetic background on which these diseases occur may also play a role.

Interestingly, we observed that U2AF1MT patients were younger with an age-dependent 

trend, which was also reported by Wu et al.18 This is a surprising difference between 

U2AF1MT and many mutations closely associated with MDS, such as SF3B1, ASXL1, 

TET2, and TP53. However, data from four centers in Germany17 and one center in USA16 

(Supporting Information, Figure S1F) show no significant association between U2AF1MT 

and age. We speculate that the reasons for the differences include the different number and 

age distribution of patients and possible ethnic differences among these cohorts (Supporting 

Information, Table S4). In accordance with previous studies,31-35 we also found that SF3B1, 

ASXL1, TET2, and TP53 more frequently occurred in older patients rather than in younger 

patients. Recently, three genetic studies of large populations have revealed that somatic 

mutations in hematopoietic cells leading to clonal expansion are commonly acquired during 

human aging.36-38 These studies demonstrated clonal hematopoiesis in ~10% of individuals 

older than 65 y of age. More than 80% of the observed mutations occur in known genes 

associated with leukemia, MDS, or lymphoma, including DNMT3A, TET2, ASXL1, and 

TP53. Because of the overlaps of the age and the gene mutation spectrum between MDS 

patients and healthy older people, these age-associated gene mutations may not function 

as driver events in MDS initiation. In contrast, U2AF1MT more frequently occur in MDS 

patients younger than 50 y of age. Jaiswa et al.37showed that detectable somatic mutations 

were rare in healthy subjects less than 40 y of age. Moreover, U2AF1MT occurs rarely in 

other tumors (pancreatic ductal adenocarcinomas 2% and lung adenocarcinomas 3%), but 

are particularly common in MDS without ring sideroblasts. Therefore, we speculate that 

U2AF1MT may be a potential driver event in MDS initiation. Furthermore, U2AF1MT 

was significantly associated with anemia, thrombocytopenia, isolated +8, and myelofibrosis 

but not with patients’ MDS subgroups or risks. However, Wu et al.18 found no significant 

differences in the hemograms and that U2AF1MT occurred more frequently in patients with 

isolated −20/20q–. We speculate that the association between U2AF1MT and cytopenia may 

be explained by the dysfunction of hematopoietic stem/progenitor cells with U2AF1MT, 

which have been observed.10,39,40 Data from both a U2AF1S34F transgenic mouse model36 

and mutant S34F-transduced cells10,40 showed reduced cell proliferation with a marked 

increase in the G2/M fraction (G2/M arrest) together with enhanced apoptosis and impaired 

erythroid differentiation. However, the association between U2AF1MT and abnormal 

karyotypes needs to be studied further.

Using both univariate and multivariate analyses, we observed that SF3B1MT was inversely 

associated with U2AF1MT subjects, while KRASMT and ASXL1MT were significantly 

enriched in U2AF1MT subjects. Our observation is in accordance with previous studies,5,6 

which showed that mutations in individual splicing factors are almost always mutually 

exclusive and that these mutations appear to coexist with distinct mutations in epigenetic 

modifiers. U2AF1 tends to coexist significantly with those in ASXL1MT, whereas 

mutations in SF3B1 frequently coexist with those in DNMT3A. The reason(s) for the 

association between spliceosome gene mutation and epigenetic modification is unclear 

and efforts to understand the mechanistic and biological contributions of these coexisting 
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mutations on splicing and epigenetics may greatly facilitate our understanding of how 

mutations in RNA splicing promote MDS development. Perhaps one of the most intriguing 

potential links between splicing mutations and altered epigenetic regulation is the skewed 

splicing of H2AFY, which encodes the histone variant macroH2A1, in association with 

mutant U2AF1.39,40

The role of U2AF1 in MDS development is still unclear. The concept that mutant 

spliceosome genes are not required for disease maintenance is supported by recent data from 

Park et al.41 In their study, the authors identified that overexpression of mutant U2AF1S34F 

is capable of transforming cytokine-dependent Ba/F3 cells. However, once transformed, the 

cells no longer require the mutant RNA splicing factor for cytokine-independent growth. 

Overall, these data argue that mutations in RNA splicing factors may not be required once 

MDS or other forms of cancer are established. The non-requirement for RNA splicing factor 

mutations in disease maintenance would suggest that these mutations may be important 

in disease initiation, a possibility supported by the fact that mutations in RNA splicing 

factors appear to be some of the earliest genetic events in MDS development.5-7 Our 

current findings also support this. Firstly, we demonstrate, in a substantial proportion of 

cases (71%), that U2AF1MT represents an ancestral lesion, less often, U2AF1MT follows 

other ancestral mutations as subclonal events. Secondly, the clearance of U2AF1MT tended 

not to correlate with the clinical response. However, because of the limited number of 

samples in our cohort, analysis of a larger cohort with U2AF1MT is needed to confirm 

our findings. Lastly, U2AF1MT also occurs as a subclonal event following other ancestral 

mutations. Moreover, compared with ancestral U2AF1MT patients, subjects with subclonal 

U2AF1MT had a worse prognosis. Therefore, based on our data, we speculate that ancestral 

and subclonal U2AF1MT have different mechanisms in MDS initiation and development. 

Future studies are needed to determine the role of U2AF1MT in disease development.

U2AF1MT is concentrated in sequence encoding the S34 and Q157 residues,10,16-18 which 

lie within the first and second C3H zinc “knuckles” of the protein. S34 and Q157 mutations, 

respectively, affect recognition of the −3 (pyrimidine normally preferred) and +1 (purine 

normally preferred) positions, where the coordinates are defined with respect to the intron–

exon boundary to induce different changes in 3′ splice site recognition.42 Similarly to 

Grauber et al.16 and Wu et al.,18 who reported that point mutations in codon S34 were 

more frequent than mutations in codon Q157, we observed that S34F was the most frequent 

(64%), followed by S34Y (23%), Q157R (6%), Q157P (5%), and R156H (2%) in our 

cohort. However, Thol et al.17 found more mutations in codon Q157. Compared with 

S34 patients, the Q157, or R156 patients tended to have a worse prognosis, particularly 

in lower-risk patients. Our findings support that S34 and Q157 have different functions 

and biological implications in MDS. At present, most data about how U2AF1MT affect 

downstream target gene expression are based on S34 mutant cells or on mouse models, but 

there is a lack of data about Q157/R156. Because of the different splice site recognition, 

we speculate that S34 and Q157/R156 may affect distinguishing downstream targets, 

which may result in distinct lineage-specific splicing alterations and phenotypes. Therefore, 

identifying these affected downstream targets will help to further our understanding of the 

molecular pathogenesis of MDS. To the best of our knowledge, this is the first time observed 
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that different clinical, biological, and survival features have been reported among different 

types of U2AF1MT.

In summary, we present data that for the first time demonstrate distinct differences among 

different types of U2AF1MT, that is, S34 versus Q157 and ancestral versus subclonal. 

These data may be important for understanding the biological and clinical consequences 

of these mutations. Considering the frequency of U2AF1MT and that it may be an early 

genetic event in MDS, we believe that pre-mRNA splicing modulators,40,43,44 or U2AF1MT 

inhibitors will benefit patients with MDS carrying ancestral U2AF1MT.
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FIGURE 1. 
Karyotypes and mutated genes in MDS. (A) Frequency of abnormal karyotypes in 511 

cases. (B) Frequency of 43 significantly mutated genes (>1%) in 511 patients with different 

WHO subtypes, as indicated with different colors
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FIGURE 2. 
Clinical characteristic of patients with U2AF1MT. (A) The percentage of U2AF1MT in 

different age group. (B) The hemoglobin and platelet level in the U2AF1MT and U2AF1WT 

groups. (C) The percentage of U2AF1MT in lower-risk and higher-risk groups. Longer blue 

lines in (B) indicate median and shorter blue lines indicate interquartile range
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FIGURE 3. 
Most and least frequently co-occurring gene mutations and abnormal karyotypes in 

U2AF1MT patients. (A) Prevalence of co-occurring gene mutations and abnormal 

karyotypes in U2AF1MT subjects compared with U2AF1WT subjects, using univariate 

analysis. (B) Odds ratios of significant co-occurring gene mutations and abnormal 

karyotypes in U2AF1MT subjects in multivariate analysis. (C) Prevalence of co-occurring 

gene mutations in subjects with different types of U2AF1MT. * indicates no sample; 

S34 indicates U2AF1S34; Q157/R156 indicates U2AF1Q157/U2AF1R156; and U2AF1WT 

indicates U2AF1 wild type
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FIGURE 4. 
Clinical characteristic of patients with different types of U2AF1MT. The association 

between U2AF1S34 or U2AF1Q157/U2AF1R156 and thrombocytopenia (A), anemia (B), 

myelofibrosis (C), isolated +8, and complex karyotype (D), and lower-and higher-risk 

groups (E). S34 indicates U2AF1S34; Q157/R156 indicates U2AF1Q157/U2AF1R156; and 

U2AF1WT indicates U2AF1 wild type
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FIGURE 5. 
Analysis of clonal architecture of U2AF1-mutated cases. Variant allele fractions (VAF) 

of gene mutations identified in three representative patients with U2AF1 mutations. 

According to the statistically significant differences in observed VAF among gene mutations, 

the U2AF1 mutation is classified as ancestral in (A) and (B) and as subclonal (C). 

Gene mutation clearance observed in five U2AF1MT patients who received single-agent 

decitabine treatment (D-H). The VAF (left y-axis) and percentage of BM blasts (right y-axis) 

are indicated across time points (x-axis)
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FIGURE 6. 
Overall survival in patients with U2AF1 mutations. (A) Survival curves of U2AF1MT 

patients. (B) and (C) Subset survival analyses of U2AF1MT patients in lower-risk and 

higher-risk groups. (D) Survival curves of U2AF1MT patients stratified as ancestral or 

subclonal groups. (E) and (F) Subset survival analyses of U2AF1MT patients stratified as 

ancestral or subclonal groups in lower-risk and higher-risk groups. (G) Survival curves of 

U2AF1MT patients stratified as U2AF1S34 or U2AF1Q157/U2AF1R156. (H) and (I) Subset 

survival analyses of U2AF1MT patients stratified as U2AF1S34 or U2AF1Q157/U2AF1R156 

in lower-risk and higher-risk groups
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