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ORIGINAL ARTICLE

Evaluation of the outcomes of newly diagnosed patients with high-risk
myelodysplastic syndrome according to the initial therapeutical strategies
chosen in usual clinical practice

Maria Julia Montoroa , Helena Pomaresb, Rosa Collc, Teresa Bernal del Castillod , Mar Tormoe ,
Ana Jim�enezf, Salut Brunetg, Javier Casa~noh, Itziar Oiartzabali, Mar�ıa D�ıez-Campeloj ,
Fernando Ramosk , Rafael Romerol, Eduardo Salido-Fi�errezm, Carmen Pedron, Joan Bargayo,
Carolina Mu~noz-Novasp, Roc�ıo L�opezq, Montserrat Rafelq and David Valc�arcela ; on behalf of ERASME
study group
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ABSTRACT
Myelodysplastic syndromes (MDS) are a heterogeneous group of diseases without a care stand-
ard and show variability in treatment outcomes. This Spanish, observational, prospective study
ERASME (CEL-SMD-2012-01) assessed the evolution of newly diagnosed and treatment-naïve
high-risk MDS patients (according to IPPS-R). 204 patients were included: median age 73.0 years,
54.4% males, 69.6% 0-1 ECOG, and 94.6% with comorbidities. Active treatment was the most
common strategy (52.0%) vs. stem cell transplantation (25.5%) and supportive care/watchful-
waiting (22.5%). Overall (median) event-free survival was 7.9months (9.1, 8.3, and 5.3); progres-
sion-free survival: 10.1months (12.9, 12.8, and 4.3); and overall survival: 13.8months (15.4, 14.9;
8.4), respectively, with significant differences among groups. Adverse events (AEs) of �3 grade
were reported in 72.6% of patients; serious AEs reported in 60.6%. 33.1% of patients died due
to AEs. Three patients developed second primary malignant neoplasms (median: 8.2months).
Our study showed better outcomes in patients receiving active therapy early after diagnosis.
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Introduction

Myelodysplastic syndromes (MDS) are a heterogeneous

group of hematologic neoplasms characterized by

ineffective hematopoiesis and an increased risk of pro-

gression to acute myeloid leukemia (AML) [1–3].
MDS are common in older adults (average age

70years) [1,4], with predominance in men (2:1) [3].

Furthermore, advanced age and common aging-related

comorbidities make therapeutic decisions difficult [5].
The complex molecular and genetic pathogenesis

of MDS entails remarkably heterogeneous clinical out-

comes, with life expectancy ranging from a few

months to several years. Therefore, evaluation

becomes paramount for establishing an accurate prog-
nosis and offering the best treatment option to these
patients. The International Prognostic Scoring System
(IPSS) [6] and the Revised International Prognostic
Scoring System (IPSS-R) [7] are the most common
prognostic scores employed and divide MDS patients
into four and five groups of risk, respectively [5].
However, in clinical practice, MDS patients are usually
divided into two group: lower-risk and higher-risk.

On the one hand, lower risk MDS patients (LR-MDS;
IPSS low or intermediate-1 risk and IPSS-R� 3.5 points)
[5] have an overall survival (OS) >30months [8], and the
gold standard is the conservative approach with erythro-
poiesis-stimulating agents (ESAs) and blood transfusions
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[5,9]. On the other hand [5], the higher-risk MDS patients
(HR-MDS; IPSS high or intermediate-2 risk and IPSS-
R> 3.5 points) show an OS <30months [8] and an
increased risk of progression to AML. Therefore, intensive
treatment with allogeneic hematopoietic stem cell trans-
plantation (HSCT) is desirable [5,9]. HSCT should be the
first strategy considered in fit or �70years patients with
HR-MDS, according to the guidelines of the Spanish
Group of Myelodysplastic Syndromes (Grupo Espa~nol de
S�ındromes Mielodispl�asicos or GESMD by its Spanish acro-
nym) [5] and the guidelines of the main international
societies (i.e. European Society for Medical Oncology)
[10]. Despite this, there is no time limit for HSCT, and
depends on the center’s policy and the identification of
a donor. Unfit and/or older HR-MDS patients are consid-
ered for treatment with hypomethylating agents or new
agents under investigation [11–14].

Despite the current MDS treatment landscape,
which includes new options, there is no standard of
care for the majority of patients (non-eligible for
approved therapies or in relapse settings) [15]. Real-
world data could help determine predictive response
factors or the approaches with the best outcomes.
However, there are limited real-world data on treat-
ment strategies available for HR MDS/chronic myelo-
monocytic leukemia patients [16].

The ERASME study aimed to assess, in real-world
practice, the outcome of newly diagnosed patients
with MDS (low-risk or high-risk) or chronic myelomo-
nocytic leukemia (CMML) based on the initial thera-
peutic strategy adopted by the physician. Here, we
present data on HR-MDS patients.

Methods

Study design

The ERASME study (CEL-SMD-2012-01) was an observa-
tional, post-authorization, prospective study conducted
in 53 Spanish hospitals. The aim was to assess the
clinical outcome of newly diagnosed patients with
MDS or CMML (intention to treat [ITT] analysis) accord-
ing to the start of the active treatment. The minimum
follow-up period lasted 36months from patient inclu-
sion in the study.

The ethics committee at each participating center
approved the study protocol. The study was con-
ducted in accordance with the ethical principles of the
Declaration of Helsinki. All patients provided written
informed consent.

Patients

The ERASME study included patients between
2013–2019 who were �18 years old with a recent
(<3months) diagnosis of MDS or CMML, according to
WHO 2008 [17], and who were treatment-naïve.
Patients were excluded if they were participating in an
interventional clinical trial (inclusion of patients partici-
pating in other observational studies was allowed) and
if the patients themselves did not consent to partici-
pate in this study.

The inclusion of patients was stratified into: 1)
Group 1 (LR-MDS), consisting of MDS patients with
low or intermediate-1 risk, according to IPSS (5); 2)
Group 2 (HR-MDS), consisting of MDS patients with
intermediate-2 or high risk, according to IPSS; and 3)
Group 3 (CMML), CMML patients belonging to any risk
group, according to the CMML Prognostic Scoring
System (CPSS) [18].

To ensure correct sample stratification, patients were
included consecutively, and a centralized register of the
patients included in each group was maintained in
real-time.

Our prospective analysis focused on patients with
high HR-MDS or CMML.

Study treatment

At diagnosis, the physician decided whether the patient
should be considered as a candidate for transplantation.
Patients received treatment according to the protocols
of the participating centers. Treatment options were clas-
sified into 1) active therapy in transplant-ineligible
patients (azacitidine, immunomodulatory drugs, or
chemotherapy, at the discretion of the physician); 2)
HSCT (with/without prior treatment) in transplant-eligible
patients (treatments administered prior to transplant-
ation were considered to be active treatments in a trans-
plantation strategy); and 3) supportive care (blood
transfusions, chelation therapy, erythropoiesis-stimulating
agents, granulocyte colony-stimulating factors, thrombo-
poietin analogues) or watchful-waiting (WW) strategy.

Study procedures

All evaluations were performed following the proto-
cols of the participating centers. The following evalua-
tions were included in the study: complete medical
history, ECOG performance status (PS), Cumulative
Illnes Rating Scale-Geriatric (CIRS-G).

Scale-Geriatric (CIRS-G), MDS-specific comorbidity
index (MDS-CI), hematology tests, and tumor response
(assessed in accordance with the 2006 IMWG criteria) [19].
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According to standard clinical practice, data were
collected every 3months or whenever an event
occurred for patients on active treatment; while data
were collected every 6months or whenever an event
occurred for patients on support treatment.

Adverse events (AEs) and concomitant medication
were collected throughout the study. AEs were graded
based on the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI CTC-AE),
version 4.0.

Sample size

It was planned to include approximately 138 patients
with HR-MDS, among which it had been estimated
that approximately 50% would be eligible for
active treatment.

Statistical analysis

The primary endpoint was event-free survival (EFS),
defined as the time elapsed between the baseline visit
and the appearance of one of the following events:
change in the initial clinical decision of the therapeutic
plan (adoption of a new therapeutic strategy), adverse
effects, disease progression, or death. Therefore, EFS
will be calculated from the baseline visit or start of
treatment until the occurrence of the first event in the
successive visits. Secondary endpoints included the
following: time to progression (TTP), time to AML, pro-
gression-free survival (PFS), and overall survival (OS).
All these time-to-event variates were calculated using
the Kaplan-Meier method, the log-rank test was used
for statistical comparison, and Cox proportional-haz-
ards model was used for multivariate analyses and to
obtain hazard ratios (HR) with 95% confidence inter-
vals (CI) (modifying covariates to EFS: gender, ECOG,
therapeutic strategy, and hemoglobin values; modify-
ing covariates to PFS and OS: gender, therapeutic
strategy, and hemoglobin and platelets values).

To balance differences in baseline patient character-
istics and thus reduce possible bias, a propensity-score
matching analysis was conducted and subsequently
used as an adjustment variable in the Cox analysis.
Profensity-score was estimated for each patient using
a logistic regression model using the same variables
included in the Cox model.

Follow-up data on the patients who died were cen-
sored at the date of their death, but data on surviving
patients were not censored. The progress of analytical
parameters was assessed by means of statistical tests

for repeated measures. Safety was evaluated according
to the frequency, incidence, and severity of the AEs.

The different study groups were considered as
intention to treat (ITT), and specifically, those patients
candidates for transplant were analyzed in the trans-
plant group even if they did not receive the transplant

Data analyses were performed using the SASVR stat-
istical package for Windows (v. 9.4, SAS Institute Inc.,
Cary, the USA).

Results

The database close was on 24th may 2019.

Patients characteristics and distribution

A total of 213 patients with HR-MDS were enrolled,
204 patients from 53 centers were included in the full
analysis set (FAS), and 175 patients were included in
the safety population (Figure 1). The center that
recruited the most patients included 36 patients and
36 centers enrolled >2 patients.

The most frequent therapeutic strategy was active
treatment (52.0%), followed by intention to HSCT
(25.5%), supportive care (19.1%), and WW strategy
(3.4%) (Figure 1).

Characteristics of HR-MDS patients are shown in
Table 1. The age (median) of patients in the HSCT
group was lower than that of patients on active treat-
ment (59.0 vs. 75.0 years old, p< 0.0001). In turn, the
age of patients on active treatment was lower than
those under supportive care/WW strategy (75.0 vs.
80.0 years old, p¼ 0.0010). The risk IPSS categories
were similar across treatment groups (Table 1).
Approximately half of all patients had IPSS intermedi-
ate-2-risk (50.9% for active treatment, 55.8% for HSCT,
and 50.0% for supportive care/WW strategy), whereas
the other half had IPSS high-risk (48.1%, 42.3%, and
50.0%, respectively). According to IPSS-R, 40.2% of HR-
MDS patients were in the poor or very poor category
of cytogenetic risk (Table 1).

Treatment

Preferred treatment strategies were considered based
on the IPSS risk classification (87.7%), age (78.4%),
symptomatology (54.4%), and comorbidities (52.5%).

Patients on active therapy received mainly azaciti-
dine (88.7%). Chemotherapy drugs were used by 9.4%
of patients (7þ 3 induction in most cases, with a
median [interquartile range, IQR] of 1.0 [1.0–2.0]

HIGH-RISK SMD EVOLUTION BASED ON THERAPY 681



cycles), and immunomodulators (lenalidomide) were
used by 0.9% (n¼ 2) of patients.

Azacitidine was mostly administered (91.1% [n¼ 82]
of patients) at a median (IQR) dose of 75.0 (74.0–75.0)
mg/m2 per day for 7 days, every 28 days. Eight patients
(8.9%) received it for 5 days, every 28 days. The median
(IQR) number of cycles was 5.0 (3.0–10.0). The dose
was changed once, twice, and three times in 29, 13,
and 4 patients, respectively.

In the HSCT group (n¼ 52), only 3 (5.8%) patients
received a direct transplant. Forty-nine (94.2%)
patients received active treatment before HSCT. The
most common treatment administered before HSCT
was azacitidine (55.8%), followed by chemotherapy
drugs (34.6%). At the end of this study, 31 (59.6%)
patients had received HSCT from those who were eli-
gible to receive it. Seventeen patients (32.7%) died
before HSCT, the median (IQR) day from the date of

diagnosis being 169 (94.0–306.0), and 4 (7.7%) were
waiting for it at the time of the last follow-up.

In the supportive care group, the main supportive
therapies were red blood cell transfusion (82.1%), ESAs
(33.3%), and platelet transfusion (30.8%). Eleven
patients (23.9%) under supportive care/WW strategy
switched to active treatment after a median (IQR)
period of 120.0 (70.0–210.0) days.

Effectiveness

Death was the main reason for discontinuing the
study (71.1%, n¼ 145). Loss of follow-up was reported
in 29 (14.2%) patients, and 26 (12.7%) patients ended
it according to the protocol. The median (IQR) follow-
up time for survivors was 18.7 (3.7–36.7) months.

Treatment effectiveness, including OS, DFS, and PFS
results, are summarized in Table 2. In the active

Figure 1. Patient flow through the study.
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treatment group, the main responses (>10% of
patients) were complete response (CR, 20.8%), stable
disease (SD, 17.9%), and progressive disease (PD,
15.1%). However, in a large proportion of patients
under supportive care/WW strategy (67.4%), the best
overall response was not assessed (Table 2).

The median (95% CI) EFS was 7.9 (6.1-9.5) months,
with significant differences observed among treatment
groups (log-rank p¼ 0.0069) (Table 2). The longest EFS
was reported in the patients on active treatment,

followed by HSCT patients, and then by patients under
supportive care/WW strategy (9.1 [7.2–12.1], 8.3
[5.5–12.3], and 4.3 [3.2–6.9] months, respectively)
(Table 2, Figure 2). The median (95% CI) EFS for
patients under supportive care/WW strategy and who
switched to active treatment was 4.0 (2.2–6.9) months,
showing significant differences when compared to
patients who had been allocated to the active treat-
ment group from the beginning (log-rank p¼ 0.0002).
The COX regression model adjusted by propensity-

Table 1. Patient baseline demographics and disease characteristics.
Active treatment (n¼ 106) HSCTa (n¼ 52) Supportive care/WW (n¼ 46) FAS (N¼ 204)

Age (years),
Median 75.0 59.0 80.0 73.0
IQR 71.0, 79.0 51.0, 62.0 74.0, 85.0 65.5, 79.0
p-value Wilconxon <0.0001 0.0010

Male
n (%) 61 (57.5) 26 (50.0) 24 (52.2) 111
p-value Fisher 0.3983 0.5955 (54.4)

ECOG performance status, n (%)
0 38 (35.8) 33 (63.5) 9 (19.6%) 80 (39.2)
1 34 (32.1) 10 (19.2) 18 (39.1) 62 (30.4)
2 19 (17.9) 2 (3.8) 11 (23.9) 32 (15.7)
3 2 (1.9) 1 (1.9) 4 (8.7) 7 (3.4)
4 1 (0.9) 0 1 (2.2) 2 (1.0)
Missing 12 (11.3) 6 (11.5) 3 (6.5) 21 (10.3)
p-value Chi-Square 0.0084 0.1033

Comorbidities, n (%) 102 (96.2) 46 (88.5) 45 (97.8) 193 (94.6)
Arterial hypertension 64 (62.7) 12 (26.1) 24 (53.3) 100 (51.8)
Cardiovascular disease 35 (34.3) 5 (10.9) 22 (48.9) 62 (32.1)
Toxic habits 31 (30.4) 21 (45.7) 6 (13.3) 58 (30.1)
Dyslipidemia 36 (35.3) 11 (23.9) 10 (22.2) 57 (29.5)
Other neoplasms 28 (27.5) 12 (26.1) 10 (22.2) 50 (25.9)

Bone marrow blasts, median (IQR), % 13.0 12.4 11.0 12.0
(9.4, 17.0) (8.1, 15.5) (6.0, 16.5) (8.0, 16.8)

Hemoglobin, median (IQR), g/dL 9.8 9.7 9.9 9.8
(8.4, 10.7) (8.4, 11.0) (8.4, 10.9) (8.4, 10.9)

Platelets, median (IQR), � 109/L 67.0 84.0 67.0 70.3
(39.0, 125.0) (46.0, 142.0) (45.0, 86.0) (41.5, 125.0)

Cytogenetics according to IPSS-R, n (%)
Very Good 0 0 0 0
Good 46 (43.4) 18 (34.6) 13 (28.3) 77 (37.7)
Intermediate 7 (6.6) 3 (5.8) 4 (8.7) 14 (6.9)
Poor 17 (16.0) 11 (21.2) 6 (13.0) 34 (16.7)
Very Poor 22 (20.8) 12 (23.1) 14 (30.4) 48 (23.5)
Without metaphase 12 (11.3) 6 (11.5) 7 (15.2) 25 (12.3)
Not Applicable 2 (1.9) 2 (3.8) 2 (4.3) 6 (2.9)

WHO classification, n (%)
RCMD 8 (7.5) 3 (5.8) 7 (15.2) 18 (8.8)
RAEB type 1 17 (16.0) 10 (19.2) 10 (21.7) 37 (18.1)
RAEB type 2 64 (60.4) 34 (65.4) 24 (52.2) 122 (59.8)
RAEB-t 15 (14.2) 5 (9.6) 5 (10.9) 25 (12.3)
Unclassifiable 2 (1.9) 0 0 2 (1.0)

IPSS, n (%)
Intermediate-2 risk 54 (50.9) 29 (55.8) 23 (50.0) 106 (52.0)
High risk 51 (48.1) 22 (42.3) 23 (50.0) 96 (47.1)

IPSS-R, n (%)
Very Low risk 0 0 0 0
Low risk 1 (0.9) 1 (1.9) 1 (2.2) 3 (1.5)
Intermediate risk 20 (18.9) 10 (19.2) 7 (15.2) 37 (18.1)
High risk 23 (21.7) 14 (26.9) 5 (10.9) 42 (20.6)
Very High risk 48 (45.3) 21 (40.4) 26 (56.5) 95 (46.6)
Without metaphase 12 (11.3) 6 (11.5) 7 (15.2) 25 (12.3)
Missing 2 (1.9) 0 0 2 (1.0)

aTreatment given before transplant were considered as active treatment in a transplant strategy.
ECOG: Eastern Cooperative Oncology Group; FAS: full analysis set; HSCT: hematopoietic stem cell transplantation; IPSS: International Prognostic Scoring System;
IPSS-R: Revised International Prognostic Scoring System; IQR: interquartile range; RAEB: refractory anemia with excess blasts; RAEB-t: refractory anemia with
excess blasts in transformation; RCMD: refractory cytopenia with multilineage dysplasia; WHO: World Health Organization; WW: watchful-waiting.
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score and baseline covariates supported the univariate
results: the therapeutic strategy affected the EFS
(p¼ 0.0007; active treatment vs. supportive care/WW
strategy, HR [95% CI], 0.55 [0.40–0.75], p¼ 0.0002;
HSCT candidates vs. supportive/WW strategy, HR [95%
CI], 0.59 [0.38–0.91], p¼ 0.0173).

The baseline covariates affecting the EFS were gen-
der (male vs. female; p¼ 0.0006; HR [95% CI], 1.53
[1.20–1.95]), ECOG PS (p< 0.0001; HR [95% CI], 1.41
[1.20–1.66]) and hemoglobin levels (p¼ 0.0001; HR
[95% CI], 0.87 [0.81–0.93]).

Thirty-eight (18.6%) patients showed progress to AML
at a median of 5.6months. The treatment group with the
highest progress to AML was the group with active treat-
ment (27.4%), followed by the supportive care/WW strat-
egy (13.0%), and HSCT (5.8%), the time (median)
corresponding to this progress was 9, 3.7, and 4months,
respectively (Table 2). The COX regression model did not
identify any covariate that modified the progress to AML.

The median PFS was 10.1 (95% CI: 8.7–12.8) months
for the whole HR-MDS population, with poor PFS
being observed in the supportive care/WW strategy
group (Table 2). Significant differences were identified

between treatment groups (p¼ 0.0004) (Table 2 and
Figure 3(A)). The COX regression model supported the
univariate results: the therapeutic strategy affected
PFS (active treatment vs. supportive care/WW strategy,
HR [95% CI], 0.57 [0.38-0.85], p¼ 0.0058; HSCT candi-
dates vs. supportive care/WW strategy, HR [95% CI],
0.46 [0.28–0.75], p¼ 0.0020). The COX regression
model identified gender (male vs. female; p¼ 0.0366;
HR [95% CI], 1.43 [1.02–2.01]), hemoglobin levels
(p¼ 0.0001; HR [95% CI], 0.83 [0.75–0.91]) and platelet
levels (p¼ 0.0146; HR [95% CI], 0.99 [0.99–1.00]) as
modifying covariates.

The median OS was 13.8 (11.8–15.9) months for the
whole HR-MDS population, with poor OS observed in
the supportive care/WW strategy group. There were
also significant differences between treatment groups
(p¼ 0.0119) (Table 2 and Figure 3(B)).

Contrary to what has been observed with EFS, early
active treatment did not lead to favorable OS, com-
pared to patients under supportive care/WW strategy
who switched to active treatment (median [95% CI]:
15.4 [13.3–19.0] vs. 15.9 [7.3-24.9], respectively; log-
rank p¼ 0.5047). The COX regression model supported

Table 2. Main effectiveness results.
Active treatment (n¼ 106) HSCTa (n¼ 52) Supportive care/WW (n¼ 46) FAS (N¼ 204)

Follow-up time,
median (IQR), months 13.5 (4.6–21.3) 10.6 (5.5–35.6) 5.0 (1.2–12.2) 10.6 (3.5–21.1)
mean (range), months 15 (0.1� 46.8) 16.8 (0.3–42.7) 9.2 (0.3–41.6) 14.2 (0.1–46.8)
Survival
EFS, median (95%CI), months 9.1 8.3 4.3 7.9

(7.2–12.1) (5.5–12.3) (3.2–6.9) (6.1–9.5)
Deaths, n (%) 79 (74.5) 32 (61.5) 34 (73.9) 145 (71.1)
OS, median (95%CI), months 15.4 14.9 8.4 13.8

(13.3–19.0) (10.4–24.2) (5.7–13.0) (11.8–15.9)
PFS, median (95%CI), months 12.9 12.8 5.3 10.1

(9.0–15.9) (8.7–23.8) (3.1–9.2) (8.7–12.8)
Treatment response
TTP, median (95%CI), months 21.0 NR NR 23.7

(14.9–35.3) (8.2 - NR) (8.1 - NR) (15.5 - NR)
Evolution to AML, n (%) 29 (27.4) 3 (5.8) 6 (13.0) 38 (18.6)

Time to AMLb,
median (IQR), months 9.0 (4.3–15.3) 4.0 (2.3–8.8) 3.7 (3.0–4.2) 5.6 (3.7–15.2)
mean (range), months 11.0 (1.4–34.9) 5.0 (2.3–8.8) 4.2 (0.5–10.2) 9.5 (0.5–34.9)
Best overall response, n (%)

CR 22 (20.8) 17 (32.7) 0 39 (19.1)
PR 5 (4.7) 3 (5.8) 1 (2.2) 9 (4.4)
mCR 9 (8.5) 1 (1.9) 0 10 (4.9)
SD 19 (17.9) 11 (21.2) 5 (10.9) 35 (17.2)
Failure 3 (2.8) 1 (1.9) 2 (4.3) 6 (2.9)
Recurrence 1 (0.9) 0 0 1 (0.5)
Cytogenetic Response 1 (0.9) 0 0 1 (0.5)
PD 16 (15.1) 4 (7.7) 7 (15.2) 27 (13.2)
Missing or not assessed 30 (28.4) 15 (28.8) 31 (67.4) 76 (37.3)

Haematological improvement, n (%)
Erythroid improvement 21 (19.8) 9 (17.3) 1 (2.2) 31 (15.2)
Platelet improvement 24 (22.6) 6 (11.5) 1 (2.2) 31 (15.2)
Neutrophil improvement 13 (12.3) 3 (5.8) 1 (2.2) 17 (8.3)

aTreatment given before transplant were considered as active treatment in a transplant strategy.
bOnly for patients with evolution to AML.
AML: acute myeloid leukemia; CI: confidence interval; CR: complete response; EFS: event free survival; FAS: full analysis set; IQR: interquartile range; mCR:
marrow complete response; NR: not reached; OS: overall survival; PD: progressive disease; PFS: progression free survival; PR: partial response; SD: stable
disease; TTP: time to progression; WW: watchful-waiting.
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the univariate results: the therapeutic strategy affected
OS (active treatment vs. supportive care/WW strategy,
HR [95% CI] 0.66 [0.44–1.00], p¼ 0.0478; HSCT candi-
dates vs. supportive care/WW strategy, HR [95% CI]
0.56 [0.34–0.92], p¼ 0.0224). The COX regression
model identified gender (male vs. female; p¼ 0.0286;
HR [95% CI], 1.48 [1.04–2.10]), hemoglobin levels
(p< 0.0001; HR [95% CI], 0.81 [0.73–0.89]) and platelets
levels (p¼ 0.0052; HR [95% CI], 0.99 [0.99–1.00]) as
modifying covariates.

Safety

Table 3 summarizes the incidence of AEs during the
study, both in the whole safety population and by the
strategy selected. A total of 1,173 AEs were reported,
with 90.3% patients suffering �1 AE and 72.6% suffer-
ing any AE of grade �3 AE. At least one serious AE
(SAE) was reported in 60.6% of patients, and 33.1%
died due to an AE (Table 3).

The most frequently reported AEs were asthenia
(26.9%), febrile neutropenia (22.9%), pyrexia (22.3%),
thrombocytopenia (18.9%), anemia (17.7%), and neu-
tropenia (17.1%) (Table 3).

The comparison made at each visit with regard to
the previous one showed that 53.4% (n¼ 109) patients
experienced a worsening comorbidity, 51.5% (n¼ 105)
developed new symptomatology, and 42.2% (n¼ 86)
developed a new comorbidity. The treatment group
with the lowest percentage of patients with these
events (comorbidity worsening, new symptomatology,
and new comorbidity, respectively) was the HSCT
group (28.8%, 42.3%, and 30.8%), compared with the
group including active treatment patients (60.4%,
53.8%, and 48.1%,) and supportive care/WW strategy
patients (65.2%, 56.5%, and 41.3%).

The main AEs affecting comorbidities (>10% of
patients) were anemia (n¼ 92, 45.1%), infections
(n¼ 68, 33.3%), bruises/bleeding (n¼ 38, 18.6%), and
pneumopathies (n¼ 28, 13.7%).

Figure 2. Kaplan-Meier curves used to estimate EFS distribution.
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By the end, only 3 (1.5%) patients, one in each
treatment group, had developed second primary
malignant neoplasms at a median (IQR) of 8.2
(1.1–15.2) months.

Discussion

This real-world study showed that HR-MDS patients
were managed mainly with active treatment (mostly
azacitidine). The treatment decision was based on risk

Figure 3. Kaplan-Meier curves used to estimate A) PFS and B) OS distribution.
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classification according to age, symptomatology, and
comorbidities, following the main guidelines for MDS
patient management [5,10].

This study also found that those HR-MDS patients
selected to receive active therapy or a transplant had
a better EFS and OS than those who received support-
ive therapy/WW strategy. However, the outcome for
transplanted patients is not better than the overall
outcome, probably due to the short follow-up period
(recent publications have suggested that transplant
benefits start after two years from the procedure [20])
or to the small sample size (n¼ 31), which probably
makes it more difficult to find differences. It should
also be noted that only 60% of the patients initially
considered candidates for transplant received it; this
probably explains the absence of benefit compared to
active treatment without transplantation. Two recent
studies have used biological randomization to com-
pare the role of transplantation in higher-risk MDS
patients; patients who have a donor underwent allo-
geneic stem cell transplantation, whereas those with-
out a donor received the best available therapy
(mainly hypomethylating agents) [20,21]. The studies
showed higher overall survival for those patients with
a donor highlighting the benefit of transplantation in
higher-risk MDS patients.

In this study, which compared an early active treat-
ment with supportive care/WW strategy, the early
active treatment showed longer EFS (9.1 vs.
4.3months), and similar findings were observed for
PFS (12.9 vs. 5.3months, respectively) and OS (15.4 vs.
8.4months, respectively).

Regarding the OS data, the values of the results are
higher than those recorded in the register of the

Spanish Group of Myelodysplastic Syndromes
(GESMD), reported in 2005 by Bernal et al. [22], which
showed a value as low as 13.4months of OS in
patients receiving azacitidine. This value is similar to
the one reported with conventional treatment
(12.2months). However, the median OS observed in
the HR-MDS patients of this study who received active
treatment (15.4months) is in line with recent records
and with real-life studies on patients treated with
active treatment (with OS ranging between 12 and
20months) [22–26].

Comparing the OS of this study (real-world data) with
the OS reported in a previous phase 3, multicentre,
open-label trial with azacitidine (AZA-001) (24.5months)
[27], the OS value showed in this study is lower, as
observed in subsequent studies with azacitidine [28].
This may be attributable to differences in the design of
the studies, and it reflects differences between the
patients selected for clinical trials (according to relatively
stringent inclusion criteria) and those treated in the real
world (in which fewer patients are selected). For
instance, this study included more patients with unfavor-
able features than the AZA-001 trial did, such as the
poor/very poor cytogenetic risk categories (37% vs. 28%)
and advanced age (75 vs. 69 years) [27].

Although we did not observe a favorable OS with
early active treatment compared to switching to active
treatment from the supportive care/WW strategy, a
better prognosis for survival would be expected if
treatment were administered as early as possible, as
with transplantation [29].

Overall, a small number of HR-MDS patients pro-
gressed to AML. The percentage of patients showing
progression to AML in the active treatment group

Table 3. Summary of adverse events in the safety population.
Active treatment (n¼ 103) HSCTA (n¼ 52) Supportive care (n¼ 20) Safety population (N¼ 175)

Total AEs, n 787 291 95 1173
Patients with AE, n (%) 98 (95.1%) 44 (84.6%) 16 (80.0%) 158 (90.3%)
AEs by patient, median (IQR) 5.0 (2.0–11.0) 3.0 (1.0–6.5) 4.0 (2.0–5.5) 4.0 (2.0–10.0)
Most common AEsa, n (%)
Asthenia 36 (35.0) 7 (13.5) 4 (20.0) 47 (26.9)
Febrile neutropenia 23 (22.3) 16 (30.8) 1 (5.0) 40 (22.9)
Pyrexia 22 (21.4) 15 (28.8) 2 (10.0) 39 (22.3)
Thrombocytopenia 22 (21.4) 7 (13.5) 4 (20.0) 33 (18.9)
Anemia 24 (23.3) 6 (11.5) 1 (5.0) 31 (17.7)
Neutropenia 21 (20.4) 7 (13.5) 2 (10.0) 30 (17.1)

Patients with grade� 3 AE, n (%) 81 (78.6) 31 (59.6) 15 (75.0) 127(72.6)
Patients with SAE, n (%) 65 (63.1) 27 (51.9) 14 (70.0) 106 (60.6)
Most common SAEsb, n (%)
Febrile neutropenia 18 (17.5) 9 (17.3) 1 (5.0) 28 (16.0)
Acute Myeloid Leukemia 12 (11.7) 3 (5.8) 1 (5.0) 16 (9.1)
Pneumonia 10 (9.7) 2 (3.8) 3 (15.0) 15 (8.6)

Patients with fatal AE, n (%) 35 (34.0) 15 (28.8) 8 (40.0) 58 (33.1)
ATreatment given before transplant were considered as active treatment in a transplant strategy.
AE: Adverse Events; IQR: interquartile range; SAE: Serious Adverse Event.
aAEs that occurred in >15% of the total safety population.
bSAEs that occurred in >5% of the total safety population.
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(27.4%) was similar to that observed in the records of
the GESMD for patients on azacitidine (26%) [22]. The
median AML progression time was shorter than the
AML progression time reported in the AZA-001 trial
(9.0 vs. 17.8months) [27]. This difference may be
explained by the heterogeneity in the patients’ charac-
teristics mentioned above.

Moreover, it was found that the following covariates
affected EFS, PFS, and OS: gender, hemoglobin levels,
and treatment. Furthermore, the ECOG PS affected EFS,
and platelet levels affected PFS and OS. Thus, it is
important to pay more attention to these parameters
with respect to newly diagnosed HR-MDS patients.

Lastly, regarding the best haematological response,
the percentage of patients on active treatment with a
CR (21%) in this study was similar to that observed in
other records, and real-life studies on patients treated
with azacitidine (ranging between 12% and 17%)
[23–25], and in the AZA-001 trial (17%) [27].

Limitations

One of the limitations of this study is its observational
design (Spanish real-world practice), which involves
clear decision-making on the treatment to be given,
which may lead to a selection bias. Additionally, it
entails either a high number of missing values for cer-
tain parameters or some missing data (e.g. quality of
life), as well as difficulty in extrapolating data on pop-
ulations from other locations due to the heterogeneity
of the clinical practice and patient populations.

When the study was initiated, NGS techniques were
unavailable in most centers. Therefore, no molecular
data are available, and it is not possible to know
whether there were high-risk mutations that could
have influenced treatment decision-making.

Finally, the fact that some patients under support-
ive care/WW strategy switched to active treatment
could have biased the results of EFS, PFS, AML pro-
gression time, and OS of the former group of patients.

General conclusion

This study highlights the importance of initiating
active treatment in newly diagnosed intermediate-2/
high risk MDS patients. This treatment group showed
results with higher EFS, PFS, and OS values than those
related to patients under another therapeutic strategy
within the same risk group. Ultimately, selecting an
active treatment for HR-MDS patients had a protective
effect against the risk of events, disease progression,
and death.
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