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Research Paper 
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A B S T R A C T   

Introduction: Treatment for myelodysplastic syndromes (MDS) is complex, options are limited, and insight into 
consecutive treatments is lacking. We performed this study to assess the outcomes in a real-world cohort of 
patients with MDS. 
Materials and Methods: An observational population-based study was performed using the HemoBase registry. 
Treatment patterns and overall survival (OS) were analyzed with Kaplan-Meier analyses. 
Results: In 144 of 280 (51.4%) patients with MDS >50 years, first-line treatment was initiated. The median age 
was 75.1 years (range: 52.6–92.0); the majority were male (72.2%). Hypomethylating agents (HMA), intensive 
chemotherapy, lenalidomide, and erythropoiesis-stimulating agents (ESA) were given as first-line treatment to 
31.1% (n = 45), 12.5% (n = 18), 2.8% (n = 4), and 53.5% (n = 77) of the population, respectively. The median 
treatment duration was 5.8 months (95% Confidence Interval [CI]: 1.1–10.4) for HMA, 1.7 months (95%CI: 
0.9–2.6) for intensive chemotherapy, 10.8 months (95%CI: 4.7–17.0) for lenalidomide, and 14.8 months (95%CI: 
11.4–18.1) for ESA. Consecutive treatments were given to 27.2% of patients. The main reasons for first-line 
treatment discontinuation were treatment failure (45.8%), toxicity (6.9%), or death (20.1%). Median OS after 
termination of the initial, second, and third treatment was 5.8 months (95%CI: 3.2–8.5), 9.3 months (95%CI: 
0.0–19.6), and 1.0 months (95%CI: 0.0–5.1), respectively. 
Discussion: This study shows the treatment outcomes in a real-world population of older patients with MDS. 
Treatment duration and median OS after treatment discontinuation were relatively limited. There is still an 
urgent need for new treatment options, strategies to further optimize duration of existing treatments, and 
communication of realistic treatment goals and expectations, especially for older, higher-risk patients with MDS 
with a poor prognosis.   

1. Introduction 

Myelodysplastic syndromes (MDS) are a group of hematological 
malignancies characterized by inefficient hematopoiesis and are pre-
dominantly diagnosed in older patients [1,2]. They are heterogeneous 
diseases with a wide variety of clinical courses [3–5]. A watch and wait 
strategy can be appropriate, or patients with MDS can receive active 

treatment. Despite the evolving field of cancer treatment, monotherapy 
is still the basis of treatment in patients with MDS [6,7]. Treatment 
options vary for different MDS subtypes and may consist of erythro-
poiesis stimulating agents (ESA) to improve anemia, intensive chemo-
therapy, and chemo-immunomodulating therapy such as 
hypomethylating agents (HMA) and lenalidomide to delay disease pro-
gression [1,5,8]. Unfortunately, the response to these agents, the 
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toxicity and the observed prolonged survival shown in clinical trials may 
not reflect daily clinical practice, as patients with MDS outside clinical 
trials tend to be older and have more comorbidities than patients in 
clinical trials [4,8–14]. Treatment options for patients with MDS are 
limited, and selecting the optimal strategy to prevent treatment failure is 
challenging [8,12,15]. Failure of initial treatment yields several prob-
lems. Firstly, only few therapeutic alternatives are available after failure 
of initial treatment [4,8,15]. Secondly, the potential alternatives often 
have similar toxicity profiles and may therefore not always be suitable 
for vulnerable older patients [8,16]. Since the treatment options are 
limited, optimizing first-line treatment is essential. 

The Netherlands Cancer Registry (NCR) recently published a report 
regarding first-line treatment in patients with MDS diagnosed from 2014 
to 2018 [17]. This report observed that a large proportion of patients 
received no treatment, ranging from 20% in patients with higher-risk 
MDS to 50% in patients with lower-risk MDS [17]. Data about consec-
utive treatments were not available in this nationwide registry, and 
other studies analyzing treatment patterns and outcomes in patients 
with MDS are lacking [17]. Therefore, we conducted this research to 
provide insights into initial and consecutive treatments in patients with 
MDS; assessed treatment duration, consecutive treatment patterns, 
reasons for treatment discontinuation or switching; and presented 
overall survival (OS) after treatment discontinuation in a real-world 
cohort of patients with MDS. 

2. Methods 

A retrospective population-based study was performed using the 
HemoBase population registry [18,19]. HemoBase is a multidisciplinary 
electronic patient file that contains clinical information about patients 
diagnosed with a hematological malignancy since 2005 in Friesland, a 
province in the Netherlands with approximately 650,000 inhabitants 
[18]. The Medical Ethics Committee in Leeuwarden confirmed the 
conduct of this retrospective study without the need for ethical review, 
and the institutional boards approved its execution without the need for 
consent in accordance with the Declaration of Helsinki (2013 revision) 
and Dutch regulations. 

In this study, HMA (azacitidine and decitabine), intensive chemo-
therapy, lenalidomide, and ESA (+/− granulocyte-colony stimulating 
factor) were considered indicated treatments for MDS. Azacitidine is 
registered by the European Medicines Agency (EMA) for patients with 
an International Prognostic Scoring System (IPSS) score of intermediate- 
2 or high-risk MDS who are ineligible for transplantation therapy. 
Decitabine, although not officially EMA-registered for MDS, is admin-
istered to patients with higher-risk MDS [16,20,21]. Intensive chemo-
therapy (e.g. cytarabine, daunorubicine) based on treatment protocols 
for acute myeloid leukemia (AML) is a treatment option for patients with 
higher-risk MDS, such as MDS with excess blasts (MDS-EB) [20–22]. 
Lenalidomide is registered as monotherapy for transfusion-dependent 
patients with IPSS low and intermediate-1 risk MDS with an isolated 
5q deletion after failure of other treatment options or when other 
treatments are insufficient or not adequate [6,16]. ESA are registered for 
treatment of symptomatic anemia (Hb ≤10 g/dL or ≤ 6.2 mmol/L) in 
patients with IPSS low or intermediate-1 risk MDS [6,16]. Luspatercept 
as a treatment option was not included in this study, as it was not yet 
registered at the time of patient follow-up [16]. 

All persons newly diagnosed with MDS in the Frisian hospitals be-
tween January 1, 2005 and December 31, 2017 and with age at diag-
nosis >50 years were identified and included in this study. Patients were 
observed from date of diagnosis to date of death or end of follow-up 
(June 2019). Patients who received one or more of the indicated treat-
ments were considered as being treated. Patients who did not receive 
treatment were considered being on a watch and wait strategy and 
received supportive care. Clinical information about patient character-
istics, such as age, comorbidities (Charlson Comorbidity Index [CCI]), 
MDS subtype, and treatment characteristics, was collected from 

electronic health records. 
Revised IPSS (IPSS-R) categories very low, low, and intermediate 

were defined as lower-risk MDS and IPSS-R categories high and very 
high as higher-risk MDS [23]. Patients with an unknown IPSS-R category 
due to unsuccessful bone marrow biopsies or missing cytogenetic data 
were presented as a separate group. Treatment duration was defined as 
the time between start and termination of treatment [24]. Time to first- 
line treatment was defined as the time between diagnosis and the start of 
initial treatment. Reasons for treatment discontinuation were based on 
the information in hospital records and on the physician's judgment in 
cases of ambiguity. These reasons were categorized as treatment failure, 
toxicity, contraindication, deceased, or other. Treatment failure 
included progressive disease and insufficient or no response, as defined 
according to the response criteria of the International Working Group 
[25]. The category other included preparation for transplantation, pa-
tient request, or unknown. Treatment duration and OS were depicted 
using the Kaplan-Meier method [24,26,27]. In addition, median survival 
times and 95% confidence intervals (CI) were estimated. Patients with 
missing information on start and/or stop dates were omitted from the 
Kaplan-Meier analysis. Patients were censored in case treatment was 
still ongoing by the end of follow-up. Log rank analyses were used to 
determine differences in median OS between groups after treatment 
discontinuation. Initial and consecutive treatments were analyzed 
separately. To study consecutive treatment patterns, a descriptive flow 
chart was made for all patients receiving treatment. In this chart, pa-
tients were retrospectively considered “at risk” for a consecutive treat-
ment if they had discontinued their first treatment, except for patients 
deceased within a day of treatment discontinuation, so all potential 
cases were included. Statistical analyses were performed using IBM SPSS 
version 24. 

2.1. Data Sharing Statement 

The data that support the findings of this study are available from the 
corresponding author upon reasonable request. 

3. Results 

A total of 280 patients with MDS with age at diagnosis >50 years 
were identified, 144 (51.4%) of whom received first-line treatment 
(Table 1, Fig. 1). The median age of the population was 75.1 years 
(range: 52.6–92.0), the majority was male (72.2%), and approximately 
half (56.9%) of the population was considered lower-risk MDS. Twenty- 
seven patients eventually progressed to AML. 

Fig. 1 presents which treatments were given during follow-up. HMA, 
intensive chemotherapy, lenalidomide, and ESA were given to 38.2% (n 
= 55), 20.8% (n = 30), 5.6% (n = 8), and 54.9% (n = 79) of the pop-
ulation during any treatment line, respectively, and to 31.3% (n = 45), 
12.5% (n = 18), 2.8% (n = 4), and 53.5% (n = 77) of the population as 
first-line treatment (Table 1). Of those treated with HMA and intensive 
chemotherapy, 26 (47.3%) and 14 (46.7%) were patients with lower- 
risk MDS, respectively. Eighteen patients (12.5%) received an alloge-
neic stem cell transplant (SCT), eight of whom had intensive chemo-
therapy as first-line treatment. A second treatment was given to 27.2% 
(n = 28) of the population at risk; 30.8% (n = 8) of these patients at risk 
received a third treatment, and 42.9% (n = 3) received a fourth treat-
ment (Fig. 1). After initial treatment, patients predominantly switched 
to intensive chemotherapy (46.4%, n = 13; 7 of these patients ultimately 
received SCT) or HMA (35.7%, n = 10, Fig. 1). The median treatment 
duration of initial treatment was 5.8 months (95% CI: 1.1–10.4) for 
HMA, 1.7 months (95% CI: 0.9–2.6) for intensive chemotherapy, 10.8 
months (95%CI: 4.7–17.0) for lenalidomide, and 14.8 months (95% CI: 
11.4–18.1) for ESA (Fig. 2). The median time to start of initial treatment 
was 4.1 months (95% CI: 2.3–9.7) for HMA, 2.4 months (95% CI: 
1.5–14.3) for intensive chemotherapy, 18.9 months (95% CI: 0.2–47.9) 
for lenalidomide, and 4.3 months (95% CI: 2.7–6.3) for ESA. 
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The most important reasons for treatment discontinuation were 
treatment failure (45.8%), toxicity (6.9%), or death (20.1%, Table 2). 
There were no significant differences in median age (p = 0.76), IPSS-R 
score (p = 0.06), or CCI score (p = 0.53) between patients who dis-
continued due to treatment failure compared to patients who dis-
continued for other reasons. The median OS after termination of initial 
treatment was 5.8 months (95% CI: 3.2–8.5, n = 133). The median OS 
after termination of the second and third treatment was 9.3 months 
(95% CI: 0.0–19.6, n = 23) and 1.0 month (95% CI: 0.0–5.1, n = 6), 
respectively. There were no statistically significant differences in me-
dian OS for the different treatment types given in the respective treat-
ment lines: p = 0.65 for initial treatment, p = 0.75 for second treatment, 
and p = 0.84 for third treatment. 

We performed additional Kaplan-Meier analyses to compare the 
median OS of patients who received active treatment and patients who 
did not. The median OS was better for patients who received active 
treatment (28.6 months (95% CI: 19.6–37.6)) compared to patients who 
received supportive care (19.1 months (95% CI: 12.1–26.0)), though not 
statistically significant (p = 0.12). Similarly, we have looked into the 
median OS after termination of HMA or intensive chemotherapy. For 
patients who received HMA only, their median OS was 7.0 months (95% 
CI: 2.7–11.3, n = 32), compared to a median OS of 19.0 months (95% CI: 
0.0–44.3, n = 10) for patients who received active treatment after 
termination of HMA. However, this difference was not statistically sig-
nificant (p = 0.10). For patients who received intensive chemotherapy 
only, their median OS was 0.4 months (95% CI: 0.0–1.5, n = 12), 
compared to a median OS of 28.0 months (95% CI: 0.0–63.8, n = 4) for 
patients who received active treatment after termination of HMA (p =
0.049). 

4. Discussion 

In this population-based study comprising a complete and unselected 
13-year cohort of patients with MDS aged >50 years, about half of the 
population of patients with MDS received first-line treatment. A 
consecutive treatment was given to a quarter of the population at risk. 
Treatment duration in patients with MDS was limited, and once initial 
treatment was abrogated, median OS was half a year. Treatment failure 
was the most important reason for treatment discontinuation. 

This study provides insights about the outcomes regarding treatment 
duration and consecutive treatments offered to patients with MDS in a 
population-based setting. A quarter of the patients given an initial 
treatment received a consecutive therapy mainly consisting of intensive 
chemotherapy or HMA. Interestingly, in some cases, patients received 
the same treatment type twice. Only two studies published describe 
consecutive treatments in patients with MDS [28,29]. Park and col-
leagues focused on the outcomes of patients with lower-risk MDS-RS 
after ESA failure [29]. Overall, 40% received a consecutive treatment, 
which was higher than the 29% of patients with ESA who received a 
consecutive treatment in our study [29]. Tsutsué and colleagues per-
formed a population-based study in Japan amongst patients with lower- 
and higher-risk MDS and showed that 48% received a consecutive 
treatment, but blood transfusions, supplied in half of the cases, were also 
regarded as a treatment modality [28]. The consecutive treatment pat-
terns they described were in line with the results from this study [28]. 
Population-based studies have shown that 10–40% of patients with MDS 
receive initial treatment [17,30–33]. This percentage is higher in our 
study, which may be explained by differences in defining ESA as sup-
portive care or as treatment, as ESA neither modifies the progression of 

Table 1 
Baseline patient characteristics divided by treatment type.   

HMA Intensive chemotherapy Lenalidomide ESA Totala 

N (%) N (%) N (%) N (%) N (%) 

Total 55 (100) 30 (100) 8 (100) 79 (100) 144 (100) 
First line treatment 45 (81.8) 18 (60.0) 4 (50.0) 77 (97.5) 144 (100)  

Age 
51–60 5 (9.1) 11 (36.7) 0 (0) 4 (5.1) 15 (10.4) 
61–70 20 (36.4) 9 (30.0) 1 (12.5) 13 (16.5) 33 (22.9) 
71–80 22 (40.0) 8 (26.7) 6 (75.0) 39 (49.4) 64 (44.4) 
>80 8 (14.5) 2 (6.7) 1 (12.5) 23 (29.1) 32 (22.2) 
Median (range) 72.4 (54.2–85.4) 63.2 (52.6–86.3) 76.8 (66.0–84.3) 77.6 (52.6–92.0) 75.1 (52.6–92.0) 
Male sex 41 (74.5) 23 (76.7) 5 (62.5) 55 (69.6) 104 (72.2)  

MDS Subtype 
SLD 7 (12.7) 3 (10.0) 1 (12.5) 11 (13.9) 17 (11.8) 
MLD 9 (16.4) 2 (6.7) 1 (12.5) 15 (19.0) 20 (13.9) 
RS-SLD 1 (1.8) 1 (3.3) 1 (12.5) 24 (30.4) 25 (17.4) 
RS-MLD 3 (5.5) 1 (3.3) 0 (0) 13 (16.5) 17 (11.8) 
Del 5q 0 (0) 1 (3.3) 4 (50.0) 1 (1.3) 5 (3.5) 
EB-1 17 (30.9) 7 (23.3) 1 (12.5) 7 (8.9) 27 (18.8) 
EB-2 14 (25.5) 9 (30.0) 0 (0) 3 (3.8) 20 (13.9) 
U 1 (1.8) 2 (6.7) 0 (0) 1 (1.3) 3 (2.1) 
n.o.s. 3 (5.5) 4 (13.3) 0 (0) 4 (5.1) 10 (6.9)  

IPSS-R category 
Low risk 26 (47.3) 14 (46.7) 7 (87.5) 50 (63.3) 82 (56.9) 
High risk 22 (40.0) 9 (30.0) 1 (12.5) 8 (10.1) 29 (20.1) 
Unknown 7 (12.7) 7 (23.3) 0 (0) 21 (26.6) 33 (22.9)  

CCI score 
0 20 (36.4) 14 (46.7) 3 (37.5) 24 (30.4) 49 (34.0) 
1 10 (18.2) 8 (26.7) 3 (37.5) 17 (21.5) 29 (20.1) 
≥2 25 (45.5) 8 (26.7) 2 (25.0) 38 (48.1) 66 (45.8) 

Abbreviations: ESA: Erythropoiesis stimulating agent, HMA: Hypomethylating agent, MDS: myelodysplastic syndromes, SLD: Single line dysplasia, MLD: Multi line 
dysplasia, RS: Ring sideroblasts, Del 5q: Deletion of 5q chromosome, EB: Excess blasts, U: Unclassifiable, n.o.s.: not otherwise specified, IPSS-R: Revised international 
prognostic scoring system, CCI: Charlson comorbidity index. a Patients can receive ≥1 treatment, hence totals may differ from the sum of patients per treatment type. 

J. Rozema et al.                                                                                                                                                                                                                                 



Journal of Geriatric Oncology 14 (2023) 101418

4

MDS nor cures the disease [34]. If ESA was classified as supportive care 
in our study, 30% of patients with MDS would have still received 
treatment, which aligns with other studies [30–33]. Additionally, only 
few patients received a transplant, which is in line with other 
population-based studies [31,32]. During the previous decades in the 
Netherlands, transplantations amongst patients >65 years were un-
common due to the high treatment-related mortality. Moreover, our 
study comprises all patients >50 years diagnosed with MDS, including 
many patients with lower-risk MDS with a relatively good prognosis. 

These patients are not eligible nor in need of transplantation. 
Treatment for MDS is complex and varies across risk groups [3,34]. A 

watch and wait strategy may be appropriate for some patients, while 
others require active treatment. There are (inter)national guidelines for 
initial therapeutic options in MDS, but after failure of initial treatment, 
further recommendations are less clear [21,22,34–36]. This might 
explain why our flow chart shows several treatment routes within the 
study population and within the treatment types, as was also observed in 
the other population-based study [28]. 

Fig. 1. Flow chart of initial treatment and switching patterns of MDS patients (retrospectively). 
Abbreviations: HMA: Hypomethylating agents, CHEMO: Intensive Chemotherapy, LEN: Lenalidomide, ESA: Erythropoiesis stimulating agents. 
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Our study demonstrates that the median duration of different types 
of treatments for MDS is limited to several months in daily clinical 
practice. Because of the paucity of treatment options for older patients 
with MDS, it is vital to optimize and utilize the initial treatment as long 
as possible. Patients with lower-risk MDS had longer treatment dura-
tions than patients with higher-risk MDS. Treatment duration was 
shortest for patients with intensive chemotherapy, which might be 
explained by two reasons. Firstly, 31% of patients who received inten-
sive chemotherapy were patients with higher-risk MDS who generally 
have a poor prognosis. Secondly, intensive chemotherapy may be indi-
cated for a short period of time according to pre-transplant protocols 
[23,35,37]. Other studies that assess treatment duration in MDS are, to 
the best of our knowledge, not available. 

In addition to the observed treatment durations, patients with MDS 
had a poor median OS after discontinuation of treatment, irrespective of 
treatment type. Other studies have confirmed a poor prognosis after 
treatment discontinuation [21,29,38–40]. The Kaplan-Meier analyses 
showed that the median OS appears to be better for patients who 
received treatment, though not statistically significant. Of note is that 
reasons why physicians and their patients decide to start treatment are 
highly individualized. The comparison of the median OS between both 
groups should therefore be interpreted with care, because the inter-
vention and the selection will both influence the survival outcome. 
Whether additional treatments appear to benefit patients more than 
adequate supportive/palliative care is therefore speculative. Our study 
reports on an older population of patients with MDS with a median age 
of 74 years, which aligns with other population-based studies, but our 
cohort is significantly older than the median age reported in clinical 

trials [10,28,29,40]. The median time to start of initial treatment in our 
study was 2–4 months after diagnosis (with the exception of lenalido-
mide), which may be considered relatively quick. As illustrated by our 
study, clinicians have chosen to treat these patients, but outcomes in 
treatment duration and OS are relatively poor. Thus, it is important to 
communicate realistic treatment goals and expectations to patients with 
MDS. The most important reason for treatment discontinuation was 
treatment failure, especially in patients treated with HMA. In combi-
nation with the poor median OS after treatment discontinuation, this 
finding highlights the importance of new therapeutic options for older 
patients with MDS or strategies to optimize the duration of existing 
treatment options. The limited treatment options for patients with MDS 
might not be sufficient to augment survival, and previous studies have 
recommended the improvement of current treatment strategies and 
development of new therapeutic agents for this population [31]. Un-
fortunately, clinical trials investigating new agents in older patients with 
MDS are scarce, and new treatments that greatly improve the prognosis 
of patients with MDS are yet to be discovered or approved [15,21,29]. 
Off-label use is permitted by Dutch law under the condition of multi-
disciplinary consent, which allows physicians to prescribe treatments to 
patients when they do not fulfill all the criteria for on-label use and can 
provide them with an additional treatment option [20]. Indeed, our 
study demonstrates that patients received treatment despite not meeting 
the conditions, such as a low IPSS-R score for HMA or intensive 
chemotherapy. This has also been shown in previous studies [22,41]. 
Prescribing treatments for patients outside the clinical indication again 
shows the outcomes in a complex disease with limited treatment op-
tions. It raises the question of whether further development of protocols 

Fig. 2. Median treatment duration of initial and consecutive treatments. 
Abbreviations: CI: Confidence interval, HMA: Hypomethylating agents, ESA: Erythropoiesis stimulating agents. The median time to start of initial treatment was 4.1 
months (95% CI: 2.3–9.7) for HMA, 2.4 months (95% CI: 1.5–14.3) for intensive chemotherapy, 18.9 months (95% CI: 0.2–47.9) for lenalidomide, and 4.3 months 
(95% CI: 2.7–6.3) for ESA. 
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is needed or whether hematology is pre-eminently an empirical subject 
with personalized decisions on the patient level. 

The strengths of this study lie in its detailed clinical information. It is 
the first population-based study to assess real-world treatment patterns 
for first and consecutive treatments in patients with MDS, as NCR pre-
dominantly provides data regarding first-line treatments [17,30,31]. 
The HemoBase registry ensured a population-based setting for multi-
center research over long-term follow-up. The study thus provides 
insight into treatment duration, treatment discontinuation, and 
consecutive treatment patterns in a representative, unselected cohort of 
patients with MDS. These factors have not been studied before in a real- 
world population of older patients with MDS, and this type of study can 
be complementary to data from clinical trials [18]. Another strength is 
that we retrospectively examined the complete medical files for each 
patient, reflecting the struggle of the treating hematologist to creatively 
optimize treatment with limited treatment options without influencing 
the physicians' behavior. This study therefore reflects the real-world 
situation for treatment of MDS. 

A limitation is that outcomes of treatment duration studies may be 
influenced by the introduction of new therapeutic agents. During follow- 
up, HMA and lenalidomide were introduced. However, patients with 
MDS were not treated simultaneously with these treatments, nor were 
HMA and lenalidomide considered competitive treatments to each 
other. The introduction of HMA and lenalidomide was therefore not 
expected to affect the treatment duration of other treatments. In addi-
tion, we were unable to study the clinical data of blood and bone 
marrow samples to examine response to treatment. Therefore, conclu-
sions about the response to treatment should be studied in prospective 
trials [26,27]. This study solely examined the duration of treatment, 
consecutive treatment patterns, and reasons for treatment discontinua-
tion in patients with MDS. 

In conclusion, this population-based study comprising a complete 
13-year cohort of older patients with MDS showed that about half of the 
population of patients with MDS received treatment. Few patients 
received consecutive treatment, and treatment failure was the most 
important reason for treatment discontinuation. Treatment duration in 
patients with MDS was relatively limited, and once initial treatment was 
abrogated, median OS was half a year. Because of the paucity of treat-
ment options for patients with MDS, it is vital to maintain the initial 
treatment as long as possible. This study shows the outcomes in a real- 
world population of older patients with MDS. There is still an urgent 
need for new therapeutic agents and treatment options, for strategies to 
further optimize the duration of existing treatment options, and for 
communicating realistic expectations regarding treatment goals and 
outcomes to patients, especially older, higher-risk patients with MDS 
with a poor prognosis. 
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