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A B S T R A C T   

To determine the impact of peripheral blood (PB) Wilms’ tumour 1 (WT-1) mRNA levels in patients with primary 
myelodysplastic syndromes (MDS), we analysed the relationships between several clinical variables at the time of 
diagnosis and the haematological response of patients treated with azacytidine. We observed overall responses in 
20 (63%) patients; there were no significant differences in clinical variables, including bone marrow blast counts, 
IPSS scores and IPSS-R risk scores, between responders and non-responders. The responders’ PB WT-1 mRNA 
levels were significantly lower than those of non-responders (P = 0.03). PB WT-1 mRNA expression could be a 
marker for predicting the response to azacytidine in patients with de novo MDS.   

1. Introduction 

Myelodysplastic syndromes (MDS) are heterogeneous disorders 
characterised by cytopenia with dysplasia and a propensity to progress 
to acute myeloid leukaemia [1, 2]. Several prognostic scoring systems 
for MDS have been reported, including the International Prognostic 
Scoring System (IPSS), the World Health Organisation (WHO) Prog-
nostic Scoring System (WPSS) and the revised IPSS (IPSS-R) [3–5]. 
Azacytidine, a hypomethylating agent, has been demonstrated to induce 
responses, delay leukaemic transformation and improve survival in 
higher-risk MDS. Because haematological response rates are not as high 
in patients treated with azacytidine, it is important to identify patients 
with MDS who respond to azacytidine. However, the predictors of 
haematologic response in patients with MDS taking azacytidine have yet 
to be fully determined. 

The survival of patients with MDS has been associated with the 
expression of several genes, including LEF1, CDH1, Wilms’ tumour 1 gene 
(WT-1) and MN1, and the expression levels of WT-1 were higher in 
patients with MDS with poor survival [6]. Although WT-1 was initially 
identified as a tumour suppressor gene in patients with Wilms’ tumour, 
recent results indicated that WT-1 acts as an oncogene in various solid 
tumours and haematological malignancies [7]. WT-1 levels in bone 
marrow (BM) could be useful for predicting the survival of patients with 

myeloid neoplasms treated with azacytidine [8]. WT-1 expression levels 
in peripheral blood (PB) have proven useful for assessing the risk in 
patients with MDS [9]. PB sampling has multiple distinct benefits over 
BM sampling such as more frequent PB collection from the same patient 
than BM. WT-1 levels in PB reflect the disease progression of patients 
with MDS treated with hypomethylating agents [10]. However, the 
relationship between WT-1 levels in PB and the response to azacytidine 
treatment is unclear; moreover, the prognostic role of PB WT-1 levels in 
primary MDS has not been fully established. 

To obtain a more complete insight into the prognostic value of PB 
WT-1 levels in primary MDS, we analysed the relationships between 
several clinical variables (including WT-1 mRNA expression levels) at 
the time of diagnosis (baseline) and the haematological response (best 
response) of patients with MDS to azacytidine and elucidated the impact 
of this response on their overall survival. 

2. Materials and methods 

2.1. Patients 

Patients with MDS (according to the French-American-British clas-
sification) who were referred to Saitama International Medical Centre 
(Saitama Medical University, Saitama, Japan) between July 2011 and 

* Corresponding author. ORCID Number: 0000-0002-3107-5991 
E-mail address: maedat@saitama-med.ac.jp (T. Maeda).  

Contents lists available at ScienceDirect 

Leukemia Research Reports 

journal homepage: www.elsevier.com/locate/lrr 

https://doi.org/10.1016/j.lrr.2020.100231 
Received 19 September 2020; Received in revised form 22 November 2020; Accepted 6 December 2020   

mailto:maedat@saitama-med.ac.jp
www.sciencedirect.com/science/journal/22130489
https://www.elsevier.com/locate/lrr
https://doi.org/10.1016/j.lrr.2020.100231
https://doi.org/10.1016/j.lrr.2020.100231
https://doi.org/10.1016/j.lrr.2020.100231
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lrr.2020.100231&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Leukemia Research Reports 15 (2021) 100231

2

June 2019 were included in this study. All chemotherapy-naïve patients 
who were diagnosed with primary MDS were enrolled. We excluded all 
patients with disorders other than primary MDS (e.g., therapy-related 
myeloid neoplasm, chronic myelomonocytic leukaemia, low BM blast 
count [20%–30% blasts] acute myeloid leukaemia). Of these patients, 
one patient with MDS and myelofibrosis was successfully treated with 
azacytidine [11]. 

2.2. Wilms’ tumour 1 gene mRNA measurement method 

We extracted total RNA from PB nucleated cells and measured the 
amount of WT-1 mRNA by a real-time quantitative reverse transcription 
polymerase chain reaction assay using a WT-1 mRNA Assay Kit (Otsuka 
Pharmaceutical Co., Tokyo, Japan) [8]. 

2.3. Treatment schedule 

Azacytidine was subcutaneously or intravenously administered at a 
daily dose of 75 mg/m2 for five or seven consecutive days every four 
weeks. The azacytidine administration route and dosing schedule were 
selected at the treating physician’s discretion based on the patients’ 
bleeding tendency, feasibility for drug administration and Eastern 
Cooperative Oncology Group (ECOG) performance status score. In the 
azacytidine 001 study and the Cancer and Leukaemia Group B (CALGB) 
9221 study, azacytidine-dosing cycles could be delayed and/or modified 
by 7–14 days as required because of haematologic toxicity until the 
patients had haematologically recovered [12, 13]. The treatment 
schedule for this study was performed in accordance with those of 
azacytidine-001 and CALGB 9221 studies. Azacytidine treatment was 
continued until disease progression or the onset of unacceptable adverse 
events. Patients were then allowed to receive additional supportive care, 
including antifungal prophylaxis and standard antibiotics, as per our 
division’s policy. Granulocyte-colony stimulating factor was used for 
life-threatening infections. 

2.4. Response criteria 

We conducted response assessment using the 2006 International 
Working Group (IWG) response criteria for MDS [14], a modified 
version of previously published standardized IWG MDS response criteria 
[15]. Each patient’s haematologic response was evaluated after each 
cycle. Overall response was defined as a complete response (CR), 
marrow CR, partial response or any haematologic improvement (HI). 

2.5. Statistical analysis 

We performed statistical comparisons using the nonparametric 
Mann–Whitney U test for continuous data and compared patient char-
acteristics with the chi-squared test (or Fisher’s exact test when the 
expected values <5). We then analysed survival times using the 
Kaplan–Meier method and statistically compared the prognosis using 
the log-rank test. Overall survival was defined as the time from the date 
of initial diagnosis to that of death as a result of any cause, haemato-
poietic stem cell transplantation (HSCT), or the last contact for surviving 
patients. A P-value of <0.05 was considered to be significant. To explain 
the relationship between the azacytidine therapeutic response and WT-1 
levels in PB, we plotted receiver operating characteristic (ROC) curves 
for each parameter using the nearest point to the top-left corner of the 
plot as the cut-off value. We then evaluated the associations between 
WT-1 levels and myeloblast ratios in BM using Spearman’s rank corre-
lation test. All statistical analyses were performed using EZR version 
1.40 (Saitama Medical Centre, Jichi Medical University, Saitama, 
Japan), which is a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria). Importantly, EZR is a modified 
version of R Commander designed to frequently add statistical functions 
used in biostatistics [16]. 

3. Results 

3.1. Patient characteristics 

In this study, a total of 32 patients were included, and their baseline 
characteristics before azacytidine treatment are summarised in Table 1. 
The median age was 71 years (range, 31–85 years). Moreover, 30 (94%) 
of the included patients had an ECOG performance status of 0–1. The 
diagnoses were MDS with multilineage dysplasia, MDS with excess 
blasts type 1 (MDS-EB-1), MDS with excess blasts type 2 (MDS-EB-2) and 
unclassifiable MDS in 4, 8, 18 and 1 patient, respectively. One case could 
not be diagnosed as per the WHO classification because of an unevalu-
ated blast ratio as a result of hypocellular BM with fibrosis. MDS with 
fibrosis is not recognised as a distinct entity in WHO classification. 
Among the included patients, 12 displayed normal cytogenetics (38%), 
two exhibited complex cytogenetics including monosomy 7, eight had 
complex cytogenetics excluding monosomy 7 and 10 had other chro-
mosomal abnormalities. Accordingly, the IPSS cytogenetic risk score 
was “good”, “intermediate” and “poor” for 14 (44%), 8 (25%) and 10 
patients (31%), respectively. We calculated the IPSS score as per the 
criteria described [3]. Furthermore, 24 patients (75%) were classified as 
intermediate-2 or high risk in the IPSS risk group, and eight patients 
(25%) were classified as intermediate-1 risk. There were no patients 
with low risk. 

3.2. Treatment response 

The median number of cycles of azacytidine treatment was five 
(range, 1–87 cycles). We observed an overall response in 20 of 32 pa-
tients (63%) who were administered azacytidine (Table 1). Seven pa-
tients (22%) achieved a complete response, including a BM complete 
response, and 19 patients (59%) achieved HI. Seven patients (22%) 
achieved HI in platelets (HI-P), HI in erythrocytes (HI-E) and HI in 
neutrophils (HI-N). Two patients (6%) achieved HI-P and HI-E, one (3%) 
achieved HI-P and HI-N, three (9%) achieved HI-E and HI-N, and six 
(19%) achieved HI-E. The median follow-up period after starting the 
first cycle of azacytidine was 15.1 months (range, 2.5–99.0 months). Six 
patients (19%) underwent allogeneic HSCT after a median of five cycles 
of azacytidine (range, 2–12 cycles). The median number of azacytidine 
cycles to the first response and to the best response was two (range, 
1–11) and four (range, 2–20) cycles, respectively. Note that 18 (90%) of 
the 20 patients who had a first response did so in four cycles, while the 
other two patients achieved a response at cycles 7 and 11, respectively. 
In these early responders (defined as a first response within four cycles), 
continued azacytidine therapy improved response category in 13 of the 
patients (72%). For seven of the 20 responders (35%), the first response 
was the best response. Interestingly, in this study, two of the seven were 
late responders and there were no other response profiles. 

3.3. Differences in clinical data between responders and non-responders 

Table 1 shows the comparison of clinical data from responders and 
non-responders. The median number of azacytidine cycles administered 
to responders and non-responders was eight (range 1–87) and three 
(range 1–13), respectively. The distribution of applied azacytidine 
dosing schedules for 5 days or 7 days did not differ between these 
groups. There were no significant differences in sex, age, performance 
status, white blood cell counts, absolute neutrophil counts, haemoglobin 
levels, platelet counts, lactate dehydrogenase levels, the percentage of 
blasts in BM, IPSS cytogenetic risk, IPSS risk or IPSS-R risk between 
responders and non-responders. 

The WT-1 mRNA levels in PB in the non-responders were signifi-
cantly higher than those in the responders (P = 0.03). In primary MDS, 
although the BM blast percentage is one of the strongest prognostic in-
dicators, the rate among responders did not significantly differ between 
the BM blast 0–9% (73.3%) and BM blast 10–19% groups (52.9%, P =
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0.29). The threshold BM blast value was 10% as per the median value of 
the upper boundary of 20% blast cells defined as MDS in the WHO 
classification. We then examined two parameters (WT-1 mRNA expres-
sion levels in PB and the myeloblast ratio in BM) for patients with MDS 
but identified no correlation between these two parameters (r = 0.04, P 
= 0.84; Fig. 1A). We then calculated the cut-off WT-1 value in PB via 
ROC analysis and identified an optimal cut-off of 2600 copies/µg RNA 
for predicting a response to azacytidine treatment in patients with MDS 
(sensitivity, 75.0%; specificity, 83.3%; Fig. 1B). The responder rate was 
significantly higher in the group with ≤2600 copies/µg RNA (88.2%) 
than in the group with >2600 copies/µg RNA (33.3%; P = 0.003). 

3.4. Overall survival 

The median follow-up time for the azacytidine responders was 24.1 
months (range, 8.8–99.0 months). There was a significant difference in 
overall survival between azacytidine responders and non-responders (P 
< 0.0001) (Fig. 2A). By comparing the patients based on WT-1 mRNA 
levels, we observed that patients with low WT-1 levels (≤2600 copies/µg 
RNA) tended to have better overall survival than those with high WT-1 
levels without reaching significance (>2600 copies /µg RNA, P = 0.18; 
Fig. 2B). The patients with low WT-1 levels in PB (≤2600 copies/µg 
RNA) and low blast percentages in BM (0–9%), who we thought would 
be responders, did not have a significantly better prognosis than those in 
the other groups (group B vs. groups A, C and D; P = 0.33; Fig. 2C, D). 

4. Discussion 

In clinical practice, the treatment algorithm for higher-risk patients 
with MDS (corresponding to IPSS intermediate-2 or higher) of the Eu-
ropean LeukemiaNet recommendation is extensively employed [17]. 
The treatment outcomes of our study were comparable to those of pre-
vious studies in terms of the overall response rate of 60% and HI of 58%. 
The CALGB 9221 study and AZA-001 study reported response rates of 
60% and ~50%, respectively. The identification of reliable and consis-
tent clinical variables and biomarkers that predict clinical benefits from 
azacytidine therapy in patients with MDS is highly desirable. 

In the azacytidine treatment of patients with MDS, various clinical 
factors (e.g., ECOG performance score, PB blasts, cytogenetics, trans-
fusion dependence, lactate dehydrogenase levels, TET2 mutations, 
DNMT3A mutations, PARP1 mRNA levels, increased platelet counts after 
the initial administration of azacytidine) have been reported to predict 
the haematological response and clinical usefulness of azacytidine 
[18-23]. Using BM samples, Pellagatti et al. demonstrated that the 
expression of several genes that included WT-1 was significantly asso-
ciated with the survival of patients with MDS [6]. These molecular ge-
netic biomarkers can add to existing risk models and refine the 
prognostic prediction. However, the BM sampling method is more 
invasive than that of PB and does not allow for more frequent check-ups, 
which in turn enables close monitoring for better treatment outcomes. 
Because of their technical limitations and lack of clinical access, these 
genetic tests using BM samples generally have not been adapted as 
routine elements of care in clinical settings. Kitamua et al. found that 
WT-1 mRNA expression levels in BM were favourably correlated with 
those in PB in patients with AML and MDS using the same assay kit 
applied in our study [24]. Furthermore, the sample sets obtained mul-
tiple times from the same patients during the course of disease indicated 
that the change in expression levels in BM reflected the disease status. 
These changes in expression in BM closely related to those in PB. Thus, 

Table 1 
Patient characteristics: Responders vs. non-responders to Azacytidine   

Total Responders Non- 
responders 

P- 
value*      

Patients, n (%) 32 20 (62.5%) 12 (37.5%)  
Females, n (%) 8 (25%) 5 (25%) 3 (25%) 1.00 
Age, years 71 (31–85)† 71 (59–83) 73.5 (31–85) 0.51 
ECOG 

performance 
status, n 

1 (0–3)† 1 (0–3) 1 (0–2) 0.42 

WBC, × 109/L 2.16 
(0.61–9.26)†

2.21 
(0.61–7.19) 

1.89 
(0.62–9.26) 

0.63 

ANC, × 109/L 0.64 
(0.01–5.37)†

0.67 
(0.04–5.14) 

0.46 
(0.01–5.37) 

0.72 

Haemoglobin, g/ 
dL 

8.0 (4.8–10.9)† 7.9 (4.8–10.8) 8.4 (7.4–10.9) 0.13 

Platelets, × 109/L 46 (7–342)† 62 (7–342) 32 (12–342) 0.08 
LDH, U/L 215 

(130–591)†
209 
(130–335) 

230 
(136–591) 

0.55 

BM blasts, % 10.2 
(0.1–18.2)†

9.0 (0.1–18.2) 11.9 
(2.8–17.6) 

0.76 

Patients with 
<10% marrow 
blasts, n (%) 

15 11 (73.3%) 4 (26.7%) 0.29 

Patients with 
≥10% marrow 
blasts, n (%) 

17 9 (52.9%) 8 (47.1%)  

WT-1 in PB, 
copies/μg RNA 

2650 
(<50–50,000)†

2050 
(<50–44,000) 

7550 
(170–50,000) 

0.03 

Patients with WT- 
1 ≤ 2600 
copies/μg RNA, 
n (%) 

17 15 (88.2%) 2 (11.8%) 0.003 

Patients with WT- 
1 > 2600 
copies/μg RNA, 
n (%) 

15 5 (33.3%) 10 (66.7%)  

WHO 
classification    

0.84 

MDS-MLD 4 (12.5%) 2 (10.0%) 2 (16.7%)  
MDS-EB-1 8 (25.0%) 6 (30.0%) 2 (16.7%)  
MDS-EB-2 18 (56.3%) 10 (50.0%) 8 (66.7%)  
MDS-U with SLD 

and 
pancytopenia 

1 (3.1%) 1 (5.0%) 0  

Others (MDS with 
fibrosis) 

1 (3.1%) 1 (5.0%) 0  

IPSS cytogenetic 
risk    

0.24 

Good 14 (43.7%) 10 (50.0%) 4 (33.3%) 0.47** 
Intermediate 8 (25.0%) 6 (30.0%) 2 (16.7%)  
Poor 10 (31.3%) 4 (20.0%) 6 (50.0%)  
IPSS risk    0.74 
Low 0 0 0  
Intermediate-1 8 (25.0%) 6 (27.2%) 2 (16.7%)  
Intermediate-2 15 (46.9%) 9 (40.9%) 6 (50.0%)  
High 9 (28.1%) 5 (22.7%) 4 (33.3%)  
IPSS-R risk    0.22 
Very low 0 0 0  
Low 1 (3.1%) 0 1 (8.3%)  
Intermediate 5 (15.6%) 4 (20.0%) 1 (8.3%)  
High 10 (31.3%) 8 (40.0%) 2 (16.7%)  
Very high 16 (50.0%) 8 40.0%) 8 (66.7%)  
Interval from 

diagnosis to 
AZA treatment, 
months 

1.3 (0.3–12.0)† 1.4 (0.3–5.0) 1.1 (0.5–12.0) 0.95 

AZA schedule 7 
days/5 days 

21 (66%)/ 11 
(34%) 

14 (70%)/6 
(30%) 

7 (58%)/5 
(42%) 

0.52 

Total number of 
AZA cycles 
until final 
observation 

5 (1–87)† 8 (1–87) 3 (1–13) 0.004 

Abbreviations: ANC, absolute neutrophil count. AZA, azacytidine; BM, bone 
marrow; EB, excess blasts; ECOG, Eastern Cooperative Oncology Group; IPSS, 
International Prognostic Scoring System; IPSS-R, Revised International Prog-
nostic Scoring System; LDH, lactate dehydrogenase; MDS, myelodysplastic 

syndromes; MLD, multilineage dysplasia; ND, not determined; PB, peripheral 
blood; RNA, ribonucleic acid; U, unclassifiable; SLD, single lineage dysplasia; 
WBC, white blood cell; WHO, World Health Organisation. 

† Median (range) 
* Responders vs. non-responders. 
** Statistical analysis between good and not good. 
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Fig. 1. Peripheral blood WT-1 mRNA levels and bone marrow (BM) blast ratios in patients with primary MDS treated with azacytidine (n = 32). A, Relationship 
between peripheral blood WT-1 mRNA expression levels and BM blast ratios. B, ROC curve of WT-1 mRNA expression levels in PB and cut-off value (sensitivity, 
specificity) for predicting azacytidine treatment response in the patients with MDS. 

Fig. 2. Kaplan–Meier curves for overall patient survival (n = 32). A, Overall survival by response status to azacytidine. B, Overall survival by baseline WT-1 status. 
All patients were divided into four groups (Group A to D cf. Fig. 3: According to WT-1 in PB and BM blast ratio). C, Overall survival of patients in each group. D, 
Overall survival of the patients with low WT-1 levels in PB (≤2600 copies/µg RNA) and low percentage of blasts in BM (0–9%) (Group B cf. Fig. 3.) compared 
with others. 
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PB samples could be useful for assessing disease status, particularly in 
patients with MDS receiving bridging treatment with AZA before HSCT. 

In the WHO classification, MDS subtypes are primarily diagnosed by 
the percentage of BM blasts. In our study, the rate of azacytidine re-
sponders tended to be higher in the low BM blast group (<10%) than in 
the high group (≥10%). We reported that the azacytidine responders 
had significantly lower WT-1 mRNA levels in PB than those of non- 
responders. WT-1 mRNA levels in PB could be a predictor of response 
to azacytidine treatment. Using the cut-off value of the ROC analysis, 
MDS should be divided into high and low WT-1 mRNA expression levels. 
As per these two parameters, the patients were therefore divided into 
four groups. The threshold values for BM blasts and WT-1 were 10% and 
2600 copies/µg RNA, respectively. The low BM blast group was divided 
into high (Group A) and low WT-1 (Group B) groups. The high BM blast 
group was divided into high (Group C) and low WT-1 (Group D) groups. 
The response rate was significantly higher in Group B than in Group A 
(100% vs. 33.3%, P = 0.01). The response rate tended to be higher in 
Group D than in Group C (75.0% vs. 33.3%, P = 0.15). The response rate 
was highest in Group B and lowest in both Groups A and C (Fig. 3). 
Conclusively, patients classified into Group B should be treated with 
azacytidine. Moreover, we extended our data to reveal relationships 
between WT-1 mRNA levels in PB and IPSS-R risk scores rather than BM 
blasts. There was no correlation between these two parameters (r =
0.02, P = 0.41; Fig. S1). Pfeilstöcker et al. reported that a cut-off of 3.5 
points in the IPSS-R scoring system was optimal for segregating patients 
into lower-risk and higher-risk MDS groups [25]. However, almost all 
patients (97%) in this study had IPSS-R risk scores exceeding 3.5 points. 
Then, we performed the same analyses using IPSS-R score cut-offs of 4.5, 
6.0 and 6.5 points. Using a cut-off of 4.5 points, the response rate was 
highest in Group B (100%) and lowest in Groups A and C (33.3%; 
Fig. S2A). This result was similar to that obtained using BM blasts. 
Conversely, using cut-offs of 6.0 and 6.5 points, the response rates were 
lower in Group B (83.3 and 84.6%, respectively) than in Group D (both 
100%; Fig. S2B, S2C). Comparing the difference between these two 
parameters (BM blasts and IPSS-R scores), the response rate in Group A 
tended to be lower using BM blasts (33.3%) than using IPSS-R risk scores 
(50.0% at cut-offs of 6.0 and 6.5). Overall, it was not more suitable to 
use IPSS-R scores than BM blasts as the parameter for these analyses 
regarding the response to azacytidine in the present study. 

We reported that the WT-1 mRNA level in PB was a predictor of 
response to azacytidine by comparing the characteristics of responders 
and non-responders. Based on this result, we considered the possibility 
that WT-1 mRNA levels in PB could predict the prognosis of patients 

with MDS treated with azacytidine. There was a significant difference in 
overall survival between azacytidine responders and non-responders. 
However, comparing patients based on WT-1 mRNA expression levels 
demonstrated that patients with low WT-1 (≤2600 copies/µg RNA) did 
not significantly improve but tended have better overall survival than 
those with high WT-1 (>2600 copies/µg RNA). In this study, WT-1 
mRNA levels in PB were significantly associated with haematological 
response but not overall survival in the patients with MDS. This study 
had certain limitations. The most obvious limitation associated with this 
survival analysis was its small sample size. Other limitations included 
the retrospective and single-institution nature of the study, the lack of 
tests for BM samples and the inclusion of patients who received HSCT, 
which affected the interpretation of the prognostic and predictive ana-
lyses. Consequently, additional study is warranted. 

In conclusion, WT-1 mRNA levels in non-responders were signifi-
cantly higher than those in responders. Our results suggest that the WT-1 
mRNA expression level in PB could be a simple predictive factor for 
azacytidine treatment for patients with MDS. Treatment strategies using 
the WT-1 mRNA expression level in PB might help improve the prog-
nosis of patients with MDS. 
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dependent changes in mortality and transformation risk in MDS, Blood 128 (7) 
(2016) 902–910, https://doi.org/10.1182/blood-2016-02-700054. Aug 18. 

T. Maeda et al.                                                                                                                                                                                                                                  

http://www.enago.jp
https://doi.org/10.1016/j.lrr.2020.100231
https://doi.org/10.1056/NEJMra0902908
https://doi.org/10.1182/blood-2009-03-209262
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0003
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0003
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0003
https://doi.org/10.1200/JCO.2006.08.5696
https://doi.org/10.1182/blood-2012-03-420489
https://doi.org/10.1182/blood-2012-03-420489
https://doi.org/10.1200/JCO.2012.45.5626
https://doi.org/10.1016/j.molcel.2010.01.010
https://doi.org/10.1111/ejh.13275
https://doi.org/10.3109/10428194.2012.745074
https://doi.org/10.1111/bjh.15098
https://doi.org/10.1111/bjh.15098
https://doi.org/10.1016/j.lrr.2014.03.002
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0012
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0012
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0012
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0012
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0012
https://doi.org/10.1200/JCO.2002.04.117
https://doi.org/10.1182/blood-2005-10-4149
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0015
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0015
http://refhub.elsevier.com/S2213-0489(20)30037-6/sbref0015
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1182/blood-2013-03-492884
https://doi.org/10.1182/blood-2010-06-289280
https://doi.org/10.1007/s00277-010-0921-5
https://doi.org/10.1007/s00277-010-0921-5
https://doi.org/10.1038/leu.2011.71
https://doi.org/10.1038/leu.2013.269
https://doi.org/10.1038/leu.2013.269
https://doi.org/10.1007/s00277-019-03650-w
https://doi.org/10.1007/s00277-019-03650-w
https://doi.org/10.1111/bjh.13008
https://doi.org/10.1007/s12185-015-1882-1
https://doi.org/10.1182/blood-2016-02-700054

	Prognostic impact of peripheral blood Wilms’ tumour 1 mRNA expression levels in response to azacytidine in MDS: A single-ce ...
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Wilms’ tumour 1 gene mRNA measurement method
	2.3 Treatment schedule
	2.4 Response criteria
	2.5 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Treatment response
	3.3 Differences in clinical data between responders and non-responders
	3.4 Overall survival

	4 Discussion
	Statements
	Ethical approval

	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	Supplementary materials
	References


