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Abstract Allogeneic stem cell transplantation (SCT) remains the only curative therapy for patients with high-risk myelodys-
plastic syndromes (MDS). Due to age, comorbidities, or lack of urgency, many receive only palliative therapies to improve
quality of life. Some patients remain untreated due to a lack of symptoms or low progression risk. Data on the impact of pal-
liative therapies on overall survival (OS) and leukemia-free survival (LFS) are limited. Using the Diisseldorf MDS Registry,
we compared outcomes of patients receiving red blood cell transfusions (RBCT) alone to the outcome of patients receiv-
ing RBCT combined with iron chelation therapy (ICT), erythropoietin (EPO), antithymoglobulin (ATG), or lenalidomide
(LENA). Matched-pairs analysis was conducted using age, gender, and prognostic scores (Revised International Prognostic
Scoring System or Chronic Myelomonocytic Leukemia-specific Prognostic Scoring System). ICT-treated patients (n=85)
had significantly improved OS (70 vs. 21 months, p<0.001) and lower 5-year AML progression (3.5% vs. 28.2%, p<0.001).
Similar benefits were seen with EPO (n=210; OS: 63 vs. 24 months, p<0.001; AML: 5.7% vs. 19%, p=0.007) and LENA
(n=30; OS: 92 vs. 57 months, p=0.049; AML: 0% vs. 16.7%, p=0.024). ATG (n=11) showed no significant improvement
in OS (79 vs. 64 months) or AML progression (0% vs. 18.2%). While recognizing the limitations of matched-pairs analysis
versus randomized trials, our findings indicate a survival benefit from ICT, EPO, or LENA versus RBCT alone. The year of
diagnosis did not independently affect OS or LFS. These results support the use of selected palliative therapies to improve
long-term outcomes in MDS patients.

Key points
Treating patients with myelodysplastic syndromes with non-curative therapies beyond red blood cell transfusions like iron
chelation therapy, erythropoietin, or lenalidomide has a positive impact on overall survival and leukemia-free survival.

Keywords IPSS-R - Prognosis - Myelodysplastic syndromes - Non-curative therapies

Introduction (AML). A distinct hematologic entity closely related to

MDS is chronic myelomonocytic leukemia (CMML), char-

Myelodysplastic syndromes (MDS) are a heterogenous
group of diseases correlated with dysplasia in clonal hema-
topoietic stem cells of the bone marrow (BM). They are
often accompanied by peripheral blood cytopenia like ane-
mia. MDS typically manifest in older adults, with a median
age at diagnosis of approximately 70 years [1], and bear
the risk of disease progression to acute myeloid leukemia

Extended author information available on the last page of the article

acterized by overlapping features of both myelodysplastic
and myeloproliferative neoplasms. Over time and under
exposure to risk factors like benzene, cytotoxic agents, or
ionizing radiation, genetic alterations may occur in hema-
topoietic stem cells, leading to disturbed hematopoiesis.
These alterations can be detected through morphological,
cytogenetic, and molecular analyses of the BM. Prognostic
scoring systems like the Revised International Prognostic
Scoring System (IPSS-R) or CMML-specific Prognostic
Scoring System (CPSS) integrate these findings along with
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peripheral blood parameters to estimate overall survival
(OS) and leukemia-free survival (LFS) [2, 3]. The MDS-
specific Comorbidity Index (MDS-CI) is an instrument for
estimating the risk of MDS-independent death [4]. Cur-
rently, allogeneic stem cell transplantation (SCT) remains
the only potentially curative treatment for MDS and CMML
but is not suitable for most patients due to age, comorbidi-
ties, or other contraindications. For most patients, therapy
strategies are part of a palliative situation and intend to be
supportive. In high-risk MDS patients the primary objective
is curation via SCT aiming at extending survival, even at the
cost of reduced quality of life during treatment. In contrast,
for low-risk cases, the focus shifts toward improving qual-
ity of life, without an expectation of prolonging OS or LFS.
In fact, asymptomatic patients with low-risk MDS may
remain untreated without requiring MDS-specific therapy at
all [5]. Common therapeutic options include red blood cell
transfusions (RBCT), iron chelation therapy (ICT), eryth-
ropoietin (EPO), antithymoglobulin (ATG), lenalidomide
(LENA), hypomethylating agents (HMA), and luspatercept.
In this retrospective study we aimed to assess OS and LFS
in patients who were ineligible for SCT, comparing cohorts
of patients who received ICT, EPO, ATG, or LENA with
patients treated with RBCT alone. Our objective was to
investigate whether predominantly symptom-oriented ther-
apies could provide also prognostic benefit in patients with
MDS.

Methods
Patients

This study was based on data from patients included in the
German MDS Registry, coordinated in Diisseldorf. Patients
diagnosed with MDS or CMML were eligible for inclusion.
Clinical data were retrospectively retrieved and supple-
mented with information from the internal hospital’s docu-
mentation and data provided by cooperating hospitals and
private practices. The observational period extended from
the first recorded diagnosis in 1982 to 2023. Data collected
primarily covered hematological parameters at the time of
initial diagnosis, administered treatments, comorbidities,
and outcomes such as progression to AML and OS. A total
of 3,850 patients were included in the dataset, of whom
55.7% (n=2,144) were male and 44.3% (n=1,706) were
female. The median age at diagnosis was 71 years (range:
18—104 years). The median OS was 23 months (range: 0-477
months). Secondary AML developed in 12.5% (n=481) of
patients after a median of 14 months (range: 0—229 months).
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For the 3,097 patients diagnosed with MDS at initial diag-
nosis, IPSS-R-based prognostic classification was available
in 42.8% (n=1,326), with the following distribution:

Very low risk: 3.8% (n=118).
Low risk: 19.1% (n=591).
Intermediate risk: 12.9% (n=399).
High risk: 5.4% (n=168).

Very high risk: 1.6% (n=50).

For the 437 patients initially diagnosed with CMML, the
CPSS was used. Complete data were available for 43.5%
(n=190), and risk classification was as follows:

Low risk: 8.5% (n=37).
Intermediate-1 risk: 14.6% (n=64).
Intermediate-2 risk: 19.9% (n=287).
High risk: 0.5% (n=2).

The primary focus of this study was on patients who
received low-risk therapies, in total 57.7% (n=2,221).
Additionally, patients who underwent cytoreductive therapy
(cytarabine or hydroxyurea; n=69 [1.8%]), HMA (azaciti-
dine or decitabine; n=169 [4.4%]), intensive chemotherapy
(n=227 [5.9%]), or allogeneic SCT (n=206 [5.4%]) were
documented. For 24.9% (n=958), no MDS-specific therapy
was recorded during the observation period. Within the low-
risk therapy group:

e 73.4% (n=1,630) received transfusions only (mean
year of diagnosis: 1998, interquartile range (IQR):
1988-2007).

® 3.9% (n=87) received additional ICT (mean year of di-
agnosis: 2006, IQR: 1998-2009).

o 10.2% (n=226) received EPO (mean year of diagnosis:
2012, IQR: 2007-2016).

o 0.5% (n=12) received ATG (mean year of diagnosis:
2007, IQR: 2004-2008).

® 1.6% (n=35) received LENA (mean year of diagnosis:
2011, IQR: 2005-2014).

o 10.4% (n=231) received luspatercept, granulocyte
colony-stimulating factor, or combinations of the above
(mean year of diagnosis: 2009, IQR: 2004-2015).

Anemia is the most common cytopenia in MDS. As indi-
cated in brackets, the non-curative approach to the treatment
of MDS has changed over the years with the clinical appli-
cation of therapies aimed at reducing patients’ transfusion
dependency.
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Statistical analysis

To identify variables affecting OS and LFS, the following
statistical tests were applied: Pearson’s y? test for associa-
tions between categorical variables, median test for inde-
pendent k-samples, and stepwise forward Cox regression
analysis. Due to the retrospective nature of the dataset, a
matched-pairs analysis was used. Cases were defined as
patients who received RBCT in combination with one of the
following: ICT, EPO, ATG, or LENA. These were compared
with control patients who received RBCT only. Matching
was based on known outcome-relevant variables: identical
IPSS-R/CPSS risk group (with no variation; for CMML,
hemoglobin levels as additional criteria a+2 g/dl differ-
ence was allowed), age at diagnosis (£5 years), and gender
(male or female). OS and LFS differences between case and
control groups were evaluated using Kaplan—Meier survival
analysis. A significance threshold of a=0.05 and 95% con-
fidence intervals (CI) were applied throughout.

Results
Matching criteria

To identify variables that effect OS or the probability of
secondary AML transformation, univariate analyses were
performed. The categorical variables examined included
gender, year of diagnosis, age, WHO 2016 subtype, MDS-
CI, IPSS-R, CPSS, karyotype, BM fibrosis, BM cellularity,
BM blast percentage, hemoglobin concentration (Hb), abso-
lute neutrophil count, platelet count, lactate dehydrogenase,
and treatment category. Except for treatment category, all
variables were assessed at the time of diagnosis. Cox propor-
tional hazards models were employed to assess the impact of
the variables on OS and AML progression. For patients with
MDS, multivariate analysis identified IPSS-R (mean HR
1.434; CI [1.312-1.569] for ordinal variable: very low vs.
low vs. intermediate vs. high vs. very high risk), gender (HR
0.710; CI[0.603—-0.836] for dichotomous variable: male vs.
female), age (mean HR 1.474; CI [1.358-1.599] for ordinal
variable: 1862 vs. 63—70 vs. 71-77 vs. 78—104 years old),
and treatment category (mean HR 0.930; CI [0.876—0.987]
for categorial variable: BSC vs. low-dose chemotherapy vs.
HMA vs. high-dose chemotherapy vs. allogeneic SCT) as
independent predictors of OS. Other variables were either
components of the IPSS-R or not statistically significant
in stepwise analyses. Regarding AML transformation, age
and gender were not statistically significant. IPSS-R (mean
HR 1.1; CI[1.063-1.137] for ordinal variable as above) and
treatment category (mean HR 1.465; CI [1.383-1.553] for
categorial variable as above) remained the most predictive

factors. For patients with CMML, OS was significantly
influenced by CPSS (mean HR 1.592; CI [1.106-2.292]
for ordinal variable: low vs. intermediate-1 vs. intermedi-
ate-2 vs. high risk), treatment category (mean HR 0.747; CI
[0.639-0.872] for categorial variable as above), and hemo-
globin (HR 1.734; CI [1.090-2.757] for dichotomous vari-
able: above vs. under 9 g/dl). AML progression in CMML
was significantly affected by CPSS (mean HR 1.684; CI
[1.051-2.699] for ordinal variable as above) and treatment
category (mean HR 1.260; CI [1.021-1.555] for catego-
rial variable as above). Based on these results, the match-
ing variables for a matched-pairs analysis were defined.
In total, 336 patients were identified who received blood
products and one additional low-risk therapy (ICT, EPO,
ATG, or LENA) throughout their disease progression. They
are hereafter referred to as cases. These were matched with
336 so-called controls who received blood products only.
Notably, 61.5% (n=207) of controls were diagnosed before
2000, compared to only 8.9% (n=30) of the cases. The
year of diagnosis seemed to be the main difference between
cases and controls and most likely the reason for the differ-
ent treatment while there was no significant difference in the
blood cell count or comorbidity burden measured via the
MDS-CI at the time of diagnosis.

Matched-pairs analyses
ICT

Based on age, gender, and IPSS-R (14.3% very low, 46.9%
low, 32.7% intermediate, 6.1% high risk) (or alternatively
CPSS and Hb), with tolerances of £5 years in age and =2 g/
dl in Hb, 85 matched pairs (97.6%) were formed from 87
eligible cases. Kaplan-Meier analysis revealed an OS of 70
months for cases (CI [57.7-82.3]) vs. 21 months for con-
trols (CI [16.6-25.4]) (Log-rank y*(1)=14.726, p<0.001).
AML progression occurred in 1.2% (n=1) of cases vs. 27%
(n=23) of controls within two years, and 3.5% (n=3) vs.
28.2% (n=24) within five years (Log-rank y*(1)=15.229,
p<0.001). Stratified analyses by MDS-CI risk group
showed significantly better OS in the low-risk group among
cases (70 vs. 19 months; Log-rank ¥*(1)=6.219, p=0.013).
For intermediate risk, OS was 61 vs. 23 months (Log-rank
v*(1)=3.788, p=0.052, Breslow y*(1)=7.459, p=0.0006,
Tarone-Ware y2(1)=5.753, p=0.016). In high-risk patients,
survival curves crossed, and no statistically significant dif-
ference was found.

EPO

Using the same matching criteria (IPSS-R: 13.8% very low,
50.8% low, 28.5% intermediate, 6.9% high risk), 210 pairs
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(92.9%) were formed from 226 cases receiving EPO. OS
was 63 months for cases (CI [52.5-73.5]) vs. 24 months
for controls (CI [17.2-30.8]) (Log-rank x*(1)=23.761,
p<0.001). AML progression occurred in 2.9% (n=6) of
cases vs. 16.2% (n=34) of controls within two years, and
5.7% (n=12) vs. 19% (n=40) within five years (Log-rank
¥¥(1)=17.362, p=0.007). Stratified analyses by MDS-CI risk
group showed significantly better OS in the low-risk group
among cases (95 vs. 24 months; Log-rank: ¥*(1)=6.789,
p=0.009; Breslow: ¥*(1)=13.391, p<0.001; Tarone-Ware:
w(1)=11.155, p<0.001). For intermediate risk, OS was
52 vs. 17 months (Log-rank: ¥*(1)=5.341, p=0.021; Bres-
low: ¥*(1)=14.796, p<0.001; Tarone-Ware: ¥*(1)=10.882,
»<0.001). For high risk, OS was 50 vs. 26 months (Log-
rank: ¥*(1)=4.186, p=0.041; Breslow: ¥*(1)=3.390,
p=0.066; Tarone-Ware: ¥*(1)=3.787, p=0.052).

ATG

Using the same matching criteria (IPSS-R: 12.5% very low,
75% low, 12.5% intermediate risk), 11 pairs (91.7%) were
formed from 12 cases receiving ATG. Kaplan-Meier analy-
sis revealed a median OS of 79 months (CI: 0—-166.357) in
the case group and 64 months (CI: 18.047-109.953) in the
control group. Log-rank, Breslow and Tarone-Ware did not
show a significant difference. AML progression occurred
in 18.2% (n=3) of controls within the first two years and
remained stable over five years. No AML was observed in
the ATG-treated group. The log-rank test demonstrated a
non-significant trend: y*(1)=3.098, p=0.078.

LENA

Using the same matching criteria (IPSS-R: 4.2% very low,
62.5% low, 33.3% intermediate risk), 30 matched pairs
(85.7%) were formed from 35 cases receiving LENA.
Kaplan-Meier analysis showed an OS of 92 months (CI:
37.443-146.557) in the LENA group vs. 57 months (CI:
18.927-95.073) in controls. The log-rank test indicated a
statistically significant difference: y*(1)=3.862, p=0.049;
Tarone-Ware: y*(1)=4.189, p=0.041. No AML progression
occurred within two years in the LENA group, compared
to 10% (n=3) in the control group. After five years, AML
occurred in 16.7% (n=>5) of controls and none of the cases.
The difference in AML-free survival was statistically sig-
nificant: ¥*(1)=5.062, p=0.024.

Temporal trends
Over the last forty years, the unadjusted OS of patients

diagnosed with MDS has improved (OS before 1990:
19 months (CI: 15.784-22.216) vs. OS in the 1990s: 24
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months (CI: 19.908-28.092) vs. OS in the 2000s: 42 months
(CI: 37.397-46.603) vs. OS in the 2010s: 50 months (CI:
44.199-55.801) vs. OS in the 2020s: not yet reached). Most
patients receiving transfusions only were diagnosed before
2005 (78.6%), whereas the majority receiving additional
supportive therapy (ICT, EPO, ATG, or LENA) were diag-
nosed after 2005 (78.9%). A multivariate Cox regression
including therapy type (transfusions only vs. transfusions
plus supportive therapy), IPSS-R risk, and diagnosis decade
(pre-1990, 1990s, 20005, 20105, 20205s) revealed a signifi-
cant impact of therapy (p<0.001) and IPSS-R (»p=0.007),
but not diagnosis timing (p=0.38) on OS. For AML trans-
formation, therapy type (p<0.001) and IPSS-R (p<0.001)
were again significant, while diagnosis timing had no sig-
nificant effect (p=0.979).

Discussion

Retrospective matched-pairs analyses are not of the same
quality as randomized controlled trials and may be subject
to bias due to limited retrospective data availability and the
selection of matching-criteria that may not represent all
aspects of the treatment decision or health status. The use
of data from a longer observation period made it possible to
include treatments (RBCT only) in the analyses that are no
longer preferred today, as the clinical benefit of complemen-
tary supportive therapies is already recognized, even if the
data on OS and LFS are limited. This study aimed to evalu-
ate the impact of ICT, EPO, ATG, and LENA on OS and the
risk of progression to AML in patients with MDS who are
ineligible for allogeneic SCT or had an MDS profile where
SCT was not initially indicated.

ICT showed a significant benefit in both OS and the risk
of progression to AML in the treatment group compared to
controls. Subgroup analyses based on the MDS-Cl revealed
that patients with low to intermediate comorbidity burdens
benefited more than those with a high burden. These find-
ings are in line with previous research by Neukirchen et
al. [6]. Since anemia is a dominant impairment in MDS,
many patients become chronically transfusion-dependent,
often resulting in secondary iron overload and end-organ
damage, a condition known as iatrogenic hemochroma-
tosis [7]. Metzgeroth et al. [8] demonstrated a significant
reduction in hepatic and cardiac iron concentrations with
deferasirox in a phase II study using T2*-weighted mag-
net resonance imaging, providing a plausible mechanism
for improved OS due to reduced cardiac risk. Furthermore,
murine models suggest iron overload may promote leuke-
mogenesis through oxidative stress and related mutagenic
effects [9]. As ICT also reduces medullary iron levels [8],
the observed reduction in AML progression risk among
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MDS patients with iron overload appears biologically
reasonable.

EPO therapy was associated with a significant improve-
ment in OS and reduced AML progression risk. Patients
with low or intermediate comorbidity burdens appeared
to benefit. EPO stimulates hematopoiesis in patients with
endogenous EPO deficiency, reducing or eliminating trans-
fusion requirements [10, 11]. This, in turn, minimizes
transfusion-related risks and prevents secondary iron over-
load. Additionally, in the context of patient blood manage-
ment strategies [12], EPO helps conserve limited blood
resources, reserving transfusions for emergency situations.
While improved OS with EPO use is well-documented
[13], especially in low risk MDS [14], the mechanism by
which EPO may reduce AML progression risk remains
unclear. A hypothesis like that of ICT is plausible: reduced
transfusion burden and avoidance of transfusion-induced
iron overload.

In this study cohort, no significant differences in OS
or AML progression risk were observed between patients
receiving ATG and those managed symptomatically with
transfusions. However, this finding is limited by the small
sample size (11 in each group), which only allows detection
of large effects. Nachtkamp et al. [15] previously reported
a positive impact of ATG on OS without addressing AML
progression. Given the assumed autoimmune component
of some MDS cases [16], parallels have been drawn from
the treatment of aplastic anemia, where ATG is approved
[17]. Several studies have demonstrated that ATG, particu-
larly when combined with cyclosporine a, can induce hema-
tologic responses and transfusion independence in MDS
patients [18-20]. A phase II trial also reported remissions
and transfusion independence with ATG [21]. Early studies
suggest that the effectiveness of ATG in low-risk MDS may
depend on the specific MDS subtype [22, 23].

LENA showed a positive effect on OS and AML-free
survival in patients with del(5q) MDS. In a phase III study,
Fenaux et al. [24] demonstrated prolonged OS and LFS
in patients who achieved transfusion-independency with
LENA, as well as prolonged OS in patients with a cytoge-
netic response to LENA. Schuler et al. [25] were able to
demonstrate a significant reduction or even loss of trans-
fusion dependency in patients with del(5q) MDS treated
with LENA. Studies by Kiindgen et al. [26] demonstrated
reduced transfusion dependence and cytogenetic responses
in this subgroup, including a diminished presence of del(5q)
clones. Mossner et al. [27] found that TP53 loss-of-function
mutations in del(5q) MDS patients significantly worsen OS
and AML-free survival. Mechanistically, LENA induces
ubiquitination and degradation of casein kinase 1AI,
encoded within the deleted 5q region [28]. This gene acts as
a tumor suppressor and its haploinsufficiency may promote

proliferation of malignant clones [28]. LENA-mediated
inactivation leads to apoptosis in these mutated cells [28].

In summary, therapies such as ICT, EPO, and LENA are
beneficial for MDS patients not eligible for SCT, improving
OS and reducing the risk of AML progression. Due to the
limited sample size, conclusions regarding ATG remain ten-
tative and warrant validation in larger cohorts. Future sub-
group analyses are needed to better identify which patient
populations benefit most from specific supportive therapies
and whether combination approaches may offer additional
advantages. Further research into the cellular mechanisms
by which ICT and EPO influence progression risk is also
warranted. Emerging data on somatic mutations have
greatly enhanced our understanding of disease progression
in MDS. The Molecular International Prognostic Scoring
System (IPSS-M), which incorporates molecular markers,
allows more accurate prognosis than IPSS-R and may guide
the timely use of aggressive therapies in high-risk patients
before clinical deterioration precludes curative options [29,
30]. Conversely, it also allows better identification of low-
risk patients who may be managed conservatively, avoiding
overtreatment and its associated complications [31]. Detect-
ing AML-associated mutations through sequencing of BM
aspirates can aid early recognition of disease transforma-
tion, enabling prompt intervention [32—34].

Overall, the management of MDS has advanced con-
siderably, and supportive care strategies are essential com-
ponents of therapy that should be actively considered in
eligible patients. Ongoing efforts aim to individualize ther-
apy and improve long-term outcomes through a personal-
ized precision medicine approach.
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