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Abstract

Myelodysplastic syndrome (MDS) is considered to be a heterogeneous myeloid malignancy with a common origin in the
hematopoietic stem cell compartment and is generally divided into lower- and higher-risk forms. While the treatment goals
for lower-risk MDS are to decrease transfusion requirements and transformation into acute leukemia, the major aims for
higher-risk MDS are to prolong survival and ultimately cure the patient. Although novel agents such as luspatercept and
imetelstat have recently been approved as new treatment options for lower-risk MDS, hypomethylating agents currently
remain the only approved non-transplant option for higher-risk MDS and are the standard of care for patients not eligible
for allogeneic hematopoietic stem cell transplantation (HSCT). Combinations with other drugs as first-line treatment have
to date not proven more efficacious than monotherapy in higher-risk MDS, and outcome after the failure of treatment with
hypomethylating agents is poor. The only potential cure and standard of care for eligible patients is HSCT and even though
the number of transplanted - especially older — MDS patients has increased over time due to better management and
greater donor availability, the majority of MDS patients will not be eligible for this curative approach. Current challenges
include decreasing the relapse risk, the main cause of HSCT failure. This review summarizes current knowledge on the op-
tions of transplant and non-transplant treatment approaches for these patients and demonstrate the unmet clinical need

for more effective therapies.

Assessment of patients and aims of
treatment

Patients with myelodysplastic syndromes (MDS) present
with a variety of disease manifestations ranging from indo-
lent to severe, and have a high rate of progression of their
MDS into acute leukemia over time. The treatment approach
depends on disease-specific risk scores and the risk of
transformation into acute leukemia. There is still consensus
on distinguishing low-risk MDS from high-risk MDS (HR-
MDS) based on the Revised International Prognostic Scoring
System (IPSS-R) which would classify low, very low, and
intermediate categories as low-risk MDS and high and very
high categories as HR-MDS/!? However, this classification
does not consider the poor outcome of patients with low-
risk MDS with severe cytopenia and bone marrow fibrosis
and does not account for the importance of molecular
genetics. Indeed, the genetic and molecular backgrounds
of myelodysplastic tumor cells are heterogenous,® a finding
that led to the introduction of the prognostically superior

Molecular International Prognostic Scoring System (IPSS-M)
risk stratification system. The IPSS-M, with its increased
weight of molecular information, usually shifts patients from
lower towards higher-risk categories, which means that
recommendations for HR-MDS need to be reconsidered.?*
However it must be taken into account that the IPSS-M
also included treated patients, which could have a potential
impact on survival. The diagnostic procedure is based on
the World Health Organization (WHO) classification and/
or the International Consensus Classification (ICC), both
published in 2022%¢ and discussed in detail in another
article of this review series. The clinical implications of
clonal hematopoiesis of indetermined potential are outside
the scope of this review. One difference between the two
classifications is that the ICC defines patients with 210%
marrow blasts as having “MDS/AML” while the WHO still
uses the term MDS for these patients. With new therapies
becoming more targeted and less governed by exact bone
marrow blast percentages, the ICC approach could facil-
itate the approval by authorities of drugs that have been
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mainly investigated in patients with acute myeloid leukemia
(AML) also for patients with higher-risk MDS. Whether this
would be useful and might lead to an improvement in the
outcome of HR-MDS patients need to be determined. The
data presented in this review are based on a classification
of MDS with <20% blasts.

The management and treatment of HR-MDS should start
with a thorough diagnostic and prognostic assessment
including molecular and cytogenetic work-up. An in-depth
analysis of the individual’s symptoms, physical resources,
and preferences is also important. Treatment recommen-
dations should be discussed at multi-professional con-
ferences including as many competences as possible.>5”

General treatment considerations

Even if patients can be classified as low risk according to
the available MDS risk scores, the disease is a blood cancer
with an overall poor prognosis. Patients with IPSS-R high
and very high risk can expect a median survival of 1.6 and
0.8 years, respectively, while the median survival of those
with IPSS-R intermediate, low, and very low risk is 3, 5.3,
and 8.8 years, respectively.? Patients with IPSS-M moderate
high to very high risk show a median survival of 1.7 and 1.0
years, while patients with moderate low and low risk have an
overall survival of 4.6 and 6 years, respectively. Only patients
in the very low-risk IPSS-M category have a median survival
exceeding 10 years.® This means that therapeutic approaches
at diagnosis, not only for HR-MDS patients, should aim to
prolong survival and ultimately cure the patient. If a cure
is not possible with available therapies, all other options,
including survival prolongation, should be associated with
an improved quality of life. All MDS types share their origin
in the hematopoietic stem and progenitor cell compartment
and it should be considered that over time most cases of
low-risk MDS will progress into a higher IPSS-R or IPSS-M
category. Investigations have tried to take the dynamics of
the disease course into account by time-dependent anal-
yses and proposed a cut-off of 3.5 points according to the
IPSS-R to distinguish low-risk MDS from HR-MDS.2 With a
median age of about 75 years, co-morbidities and frailty
contribute to the ability to tolerate various treatment options
and most patients will not be eligible for curative allogeneic
hematopoietic stem cell transplantation (HSCT). However,
indications and eligibility for HSCT should always be ex-
plored early and during the course of disease. A proposed
algorithm to determine “transplant eligibility” and counsel
patients with regard to allogeneic HSCT is shown in Figure 1.

Supportive care

Supportive care is crucial in the management of patients
with MDS, independently of whether they have low- or
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high-risk disease, and consists of active disease monitoring,
transfusion support, and other aspects of dealing with cy-
topenias and increased risk of infection and bleeding. About
half of MDS patients require red blood cell transfusion at
the time of diagnosis.*® Both the need for red blood cell
transfusion at diagnosis and transfusion intensity over the
course of disease are associated with impaired survival,
quality of life, and progression-free survival™ Taking into
account the option of allogeneic HSCT for HR-MDS (but
also for low-risk MDS), only filtered blood products should
be administered to minimize the risk of immunization.
The same holds true for thrombocytopenia which may be
present at diagnosis but commonly occurs during treatment
with chemotherapy and hypomethylating agents (HMA) as
well as after allogeneic HSCT. The role of thrombopoie-
tin agonists is controversial. Small phase Il trials showed
that thrombopoietin agonists increased platelet counts in
patients with advanced MDS, but a randomized study in
higher-risk MDS, in which a thrombopoietin agonist was
used alone or in combination with azacitidine, failed to
confirm this; in fact, the response rate was lower in pa-
tients receiving azacitidine + eltrombopag than in those
receiving azacitidine alone*®

Infection prophylaxis is not specific for MDS and should
follow general international guidelines. Granulocyte col-
ony-stimulating factor is not licensed for low neutrophil
counts associated with MDS but is frequently used as
supportive care in cases of neutropenia caused by HMA
treatment, especially after recurrent infectious events. While
the role of iron chelation in transfusion-dependent, low-risk
MDS is well accepted, its role in HR-MDS is controversial,
due to the shorter life expectancy of the patients, but there
is consensus to start chelation in transfusion-dependent
HR-MDS if curative allogeneic HSCT is planned.

Due to a higher non-relapse mortality in patients with iron
overload at the time of transplantation, timely chelation
should be started but not postponing the transplant pro-
cedurel!® Recent data suggest a significant reduction of
labile plasma iron can be achieved if low-dose deferasirox
is given during the conditioning therapy prior to allogeneic
HSCT, although careful monitoring of busulfan is required.’s”

Hypomethylating agents

HMA are the only approved first-line treatment for high-
er-risk MDS. The mechanisms of action of HMA are complex,
and most likely involve inhibition of DNA methyltransferase
leading to transcriptional suppression™ or reactivation of
oncogenes, which can cause differentiation and might be
cytotoxic.®

5-azacitidine, decitabine, and oral decitabine/cedazuridine
are approved in the USA for all MDS subsets, the latter two
for IPSS 2intermediate-1, whereas in Europe only 5-azaciti-
dine is approved for MDS and only for IPSS 2intermediate-2.
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Check transplant-eligibility in all patients independent of age by:
e Determine performance status, Karnofsky score, and comorbidity

index or / and geriatric assessment

e Early consultation of a “transplant” - physician
e Include patient and patient’s perspective in this process
e Try to estimate life-expectancy assuming patient would not suffer from MDS

If estimated life expectancy (in case of no
MDS) would be more than 5 years:

Calculate transplant-outcome according to
MDS transplant risk-scores (e.g. EBMT or
CIBMTR) and balance overall survival including
the risk of NRM and relapse

If balance is not in favor
of allogeneic stem cell
transplantation:

Do not recommend
transplantation and
explain reasons to
patient and family

e Survival benefit

If patient is indecisive, do not
push for transplant and offer:

e Second opinion

e Contact to patient organization
e Postpone decision

If patient agrees to
transplantation:
Start donor search

e Transplant procedure

e Transplant complications including GVHD, infections, NRM, and relapse
e Post-transplant monitoring and behavior

e Importance of social environment

e Consider patient’s perspective after thoroughly counselling

If estimated life expectancy (in case of no
MDS) would be less than 5 years due to
comorbidities or frailty:

Do not recommend allogeneic stem cell
transplantation and explain reasons to
patient and family

If balancing is in favor of allogeneic stem cell transplantation,
counsel patient and family about:

If patient declines
transplantation:

Offer non-curative
alternative treatment (e.g.
HMA) or clinical studies

Figure 1. Proposal of how to assess transplant-eligibility and counsel patients with high-risk myelodysplastic syndrome. MDS:
myelodysplastic syndrome; EBMT: European Blood and Marrow Transplantation group; CIBMTR: Center for International Blood and
Marrow Transplant Research; NRM: non-relapse mortality; GvHD: graft-versus-host disease.

While no survival benefit could be shown for decitabine in
randomized trials?®? the first randomized study of 5-azac-
itidine in higher-risk MDS showed significant improvements
with respect to leukemic transformation and death for
5-azacitidine compared to best supportive care (CALGB
9221 study).?? In the CALGB study, 191 MDS patients were
randomized to 5-azacitidine or best supportive care. The
overall response rate after azacitidine was 60% versus 5%
in the best supportive care group (P<0.0001) and time to
leukemic transformation or death was 21 versus 14 months
(P=0.007), with improved survival after eliminating a con-

founding effect from early crossover.?223

The subsequent AZA-001 international trial randomized 358
HR-MDS patients to either azacitidine or one of three con-
ventional care regimens (best supportive care, low-dose
cytarabine or conventional AML-like induction/consolidation
therapy). There was significant improvement of median over-
all survival for patients treated with 5-azacitidine compared
with standard care options chosen by the attending physi-
cians (24.5 vs. 15 months, respectively).?* The survival benefit
was seen in all subgroups including older patients. Patients
treated with 5-azacitidine also showed delayed progression
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to AML, required fewer red blood cell transfusions, and had
a lower rate of infectious complications.

The hematologic response rate to HMA is about 40% but
treatment rarely leads to complete remission (8%) and most
patients eventually relapse. In the AZA-001 study, the overall
response rate was higher for azacitidine than for best sup-
portive care and low-dose cytarabine but not in comparison
to intensive chemotherapy. The majority of patients responded
within the first six cycles, which is the recommended num-
ber of cycles before efficacy assessment unless allogeneic
HSCT is planned.?® Despite the survival benefit associated
with 5-azacitidine in this trial, real-world data have not con-
firmed this effect of HMA treatment and there is no scoring
system to predict response to HMA.?¢

Decitabine was approved for use only in the US following
a randomized phase Il study in 170 MDS patients receiving
either decitabine or best supportive care. The complete re-
sponse rate was 9% in the decitabine group and 0% in the best
supportive care group. A significant improvement in overall
survival was seen only in HR-MDS (median: 12.0 months vs.
6.8 months, P=0.03). In a European study decitabine adminis-
tered in a 3-day schedule failed to produce a survival benefit
in comparison to best supportive care.?” Another treatment
approved only in the US is the oral formulation of decitabine
coupled with cedazuridine to facilitate oral bioavailability;
this approval is based on the comparable efficacy of the
oral formulation and intravenously administered decitabine.?”
CC-486, an oral form of 5-azacitidine, has been shown to
improve survival in AML as post-consolidation therapy.?®
A randomized phase Il study evaluating CC-486 in mainly
lower-risk MDS showed a significant reduction of transfu-
sion dependency and longer response duration compared to
those achieved with placebo but did not result in improved
survival.®

The approved 5-azacitidine dose that was used in the AZA-
001 trial is 75 mg/m? for 7 days per cycle. Some centers use
a 5+2+2 schedule or give the entire dose over 5 days to avoid
treatment during weekends. A large study based on 449 MDS
patients showed that complete response is often, but not
always, associated with a clonal reduction (decrease in vari-
ant allele frequency) and that such a reduction is predictive
of long-term outcome. The data are particularly strong for
patients carrying TP53 mutations, because TP53-mutated
patients who were long-term survivors after subsequent HSCT
showed a clonal reduction after treatment with 5-azacitidine.®

Hypomethylating agents in combination with novel agents
Over the last years several new drugs have been tested un-
successfully in combination with 5-azacitidine in order to
further improve patients’ outcome. The randomized phase Il
SWOG trial compared standard azacitidine with azacitidine
combined with either lenalidomide or vorinostat in 227 pa-
tients with HR-MDS and reported an overall response rate
of 38% in the azacitidine group with no improvement in
response or survival in the combination group.*
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Likewise, pevonedistat, a selective inhibitor of NEDD-8 ac-
tivating enzyme, in combination with 5-azacitidine failed to
improve event-free survival in comparison to that achieved
by 5-azacitidine alone in patients with higher-risk MDS (PAN-
THER trial).>? After encouraging results of 5-azacitidine in
combination with an anti-CD47 antibody, magrolimab, in
an early phase Ib study,*® a subsequent phase Ill study was
discontinued due to lack of efficacy.

The recent approval of the use of a BCL-2 inhibitor, vene-
toclax, in combination with 5-azacitidine in AML prompted
investigation of this combination also in MDS. The combina-
tion induced an overall response rate of 75% in HMA-naive
patients and 44% in patients after failure of HMA treatment.?*
These high response rates reported in early clinical stud-
ies await validation from the pending results of a recently
completed randomized trial of 5-azacitidine with or without
venetoclax.®?¢ It is of interest that the overall survival of 24.4
months observed in the AZA-001 trial has not been repli-
cated so far and after single-agent azacitidine the median
overall survival was only 15 months in the SWOG trial and
17.5 months in the PANTHER trial.*"*2 The combination of an
anthracycline, idarubicin, with azacitidine produced a high
response rate (41.5%) in a phase /Il study without additional
toxicity compared to that of azacitidine alone. However, a
subsequent randomized phase Il study did not show that
the combination improved response or overall survival in
comparison to that achieved by azacitidine alone.*"38

Novel combinations producing high remission rates may
become suitable alternatives to chemotherapy for reducing
the number of blasts prior to allogeneic HSCT. Azacitidine
has been tested in combination with sabatolimab, a TIM-3
inhibitor. TIM-3 regulates immune responses in malignan-
cies® and is only expressed on immune cells and leukemic
myeloid cells but not on normal hematopoietic stem cells.*®
After encouraging results from an early phase Ib study, with
an overall response rate of 33% and a complete response
rate of 20% including patients harboring TP53,*° subsequent
randomized phase Il and Il trials (STIMULUS-MDS-1 and
MDS-2) of sabatolimab versus placebo both in combination
with azacitidine failed to show significant improvements in
complete remission (14% vs. 11%) or progression-free survival
(17.8 vs. 19.2 months) for the sabatolimab plus azacitidine
combination in comparison to placebo plus azacitidine.*#?
To conclude, HMA are currently the first-line treatment for
higher-risk MDS patients not eligible for allogeneic HSCT
and so far combination therapies with HMA have failed to
improve overall survival in comparison to HMA alone in phase
Il studies.

Failure of hypomethylating agent treatment

The outcome of HR-MDS patients in whom HMA fail is poor.
In 435 HR-MDS patients in whom HMA treatment failed, the
median survival was only 5.6 months and the 2-year overall
response rate was 15%. Allogeneic HSCT and investigated
drugs were associated with better outcomes compared
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to conventional clinical care.*® Rigosertib did not improve
outcome in comparison to best supportive care.** Currently
there is no conventional therapy with significant activity for
HR-MDS patients in whom HMA treatment fails and even
though allogeneic HSCT still has a curative potential in
this setting, current evidence recommends transplantation
before treatment with HMA.**-%" Several studies with novel
agents are ongoing but out of the scope of this review and
details are reported elsewhere.*84°

Targeted therapies

IDHT or IDH2 mutations occur in 5-15% of MDS patients and
enasidenib and ivosidenib have been shown to produce re-
sponses in IDH2-mutated MDS patients.’®% 5-azacitidine in
combination with APR-246 in TP53-mutated MDS patients
induced complete responses in 50%,? but a subsequent
phase lll trial did not show a difference in outcome. Feasi-
bility of APR-246 plus azacitidine as maintenance therapy
after allografting has been demonstrated but randomized
studies are lacking.®® It may be mentioned that the new
ICC, which classifies previous WHO 2016 MDS with 210%
blasts as MDS/AML, would potentially allow the use of
AML-approved drugs also in higher-risk MDS.®

Chemotherapy

AML-like chemotherapy protocols including anthracy-
cline-cytarabine combinations have been used in MDS
patients with high blast counts but with lower response
rates and shorter lasting complete responses than those
in patients with de novo AML. Furthermore, AML-like che-
motherapy in older patients or in patients with unfavorable
karyotype and/or TP53 mutations resulted in even lower
response rates with no clear benefit in comparison to
5-azacitidine treatment.5*-%¢ Less toxicity was achieved using
CPX-351, a liposomal anthracycline, plus cytarabine-based
chemotherapy with a 52% complete response rate in HR-
MDS patients.®” Currently AML-like chemotherapy is mainly
used as induction therapy prior to allogeneic HSCT and is
here recommended only in younger MDS patients without
unfavorable karyotype or bi-allelic TP53 mutations.

Stem cell transplantation

Decision-making and timing of transplantation

Allogeneic HSCT is currently the standard-of-care treat-
ment for HR-MDS patients eligible for the procedure and
the only curative treatment but its inherent therapy-related
morbidity and mortality necessitate careful selection of
patients. Because the optimal timing of allogeneic HSCT
in MDS has not been addressed in prospective, random-
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ized clinical trials, comparisons between transplanted and
non-transplanted MDS patients have been performed by
using different statistical multi-state models. A Markov
model was used in 184 non-transplanted patients and 868
patients with MDS <60 years old who underwent allogeneic
HSCT after myeloablative conditioning from HLA-identi-
cal siblings. The authors found that life years increased if
transplantation was delayed in patients with IPSS low- and
intermediate-1-risk MDS, but for those with intermediate-2
or high-risk according to the IPSS, life expectancy was
maximized by immediate transplantation.®® A similar study
compared the outcomes of 660 non-transplanted MDS
patients with 449 MDS patients who received an allograft
after myeloablative conditioning or reduced intensity con-
ditioning and also included matched unrelated donors. In
this study IPSS intermediate-1 and -2, and high-risk patients
were best treated with early transplantation while low-risk
patients benefited more from delayed transplantation.®®
Using IPSS-R scoring in a multi-state model, the outcome
of 961 non-transplanted MDS patients was compared to
that of 489 patients who received an allograft for MDS. Life
expectancy was increased if transplantation was delayed
in patients with low or intermediate IPSS-R scores while
for those with IPSS-R high and very high scores, immediate
transplantation after diagnosis improved outcome.®°

The outcome after HSCT is strongly dependent on cytogenet-
ics and molecular genetic features. Unfavorable cytogenetics
such as complex karyotype or monosomal karyotype are
associated with a higher risk of relapse and mortality.c¢2 The
increasing importance of molecular genetics is reflected by
the recently introduced IPSS-M.? ASXL7, RUNX®® and TP53%364
as well as RAS pathway mutations are independent risk fac-
tors for relapse and mortality after HSCT and a combination
of molecular genetics and cytogenetics may predict outcome
after HSCT even better.5*%* The IPSS-M usually shifts patients
to a higher risk category and two retrospective studies re-
ported a modest advantage in prognostication of MDS using
IPSS-M before allogeneic HSCT. MDS patients classified as
low risk according to the IPSS-R may be classified as higher
risk according to the IPSS-M and, therefore, become candi-
dates for allogeneic transplantation.®®¢’

Decision-making according to the IPSS-M in 7,118 MDS pa-
tients showed improved survival if transplantation was de-
layed in those with IPSS-M low or moderate-low risk MDS
while survival was improved if transplantation was performed
immediately in moderately high, high, and very high-risk pa-
tients.* Comparing decisions based on the IPSS-R or IPSS-M,
transplant policy was changed in 15% of the patients from
immediate transplant according to the IPSS-R to delayed
transplant according to the IPSS-M, and 19% of the patients
from delayed transplantation according to the IPSS-R into
immediate transplant according to the IPSS-M.*

In three prospective donor versus no-donor comparisons,
patients with IPSS-R intermediate-2 and high-risk and also
IPSS-R intermediate-risk with high-risk cytogenetics with
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available donors had a significantly better event-free sur-
vival and in two of them also an improved overall survival
compared to those without donors.***” In the BMT-CTN
study, patients in the donor arm had an adjusted overall
survival rate of 47.9% compared with 26.6% for those in the
no-donor arm.*® A similar prospective study (VidazaAllo)
compared 5-azacitidine to allogeneic HSCT after 5-azaciti-
dine induction in higher-risk MDS patients aged 55-70 years
according to donor availability and reported an event-free
survival at 3 years of 34% after HSCT and 0% after 5-azac-
itidine*®* which additionally support the use of allogeneic
HSCT as standard care in higher-risk MDS, even in older
patients (Table 1).686°

Patients in whom HMA treatment fails, even if considered
to have low-risk MDS, have a poor outcome and alloge-
neic HSCT should be considered in these patients.*®* The
current recommendation for allogeneic HSCT in lower-risk
MDS includes patients with severe cytopenia or progressive
disease, and those in whom conventional treatment has
failed. HSCT might also be indicated if additional unfavor-
able factors exist in addition to IPSS-R category, such as
bone marrow fibrosis or unfavorable molecular genetics
according to the IPSS-M."°

Despite patients with TP53 mutations having a worse out-
come after HSCT than patients without these mutations,
post-hoc analysis of data from the BMT-CTN 1102 trial
showed that, compared to non-transplant approaches,
HSCT improved survival for TP53 single-hit patients, TP53
multi-hit patients and IPSS-M high-risk patients without
TP53 mutation.” Molecular testing prior to HSCT is rec-
ommended to exclude inherited bone marrow failure syn-
dromes and germline mutations such as GATA2, SAMD9/
SAMDOL, RUNX1, ETV6, and DDX41 which have implications
for conditioning regimens and donor selection.”? After ad-
justment for other risk factors, age per se is not associated
with worse overall survival®® but poor performance status,
comorbidity index, and Karnofsky index are associated with
higher non-relapse mortality®®™ even if not all comorbidities
result in similar risks of non-relapse mortality.” To predict
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outcome after allogeneic HSCT for MDS, transplant scoring
systems have been developed by cooperative groups as
well as by the EBMT and CIBMTR; beside disease-specific
risk factors, these systems take into account patient- and
transplant-specific factors such as age, comorbidities,
and donor match and are helpful for counseling patients
regarding treatment decisions.”s""

Even if blast reduction prior to transplant has a positive
impact on outcome and pre-transplant therapy in MDS
with 210% blasts is recommended by international expert
teams,”® no prospective study comparing pre-transplant
therapy versus no therapy exists and most of the retro-
spective studies that investigated HMA or chemotherapy
did not show a significant impact on overall survival after
transplantation,”® also because patients progressed or died
during pre-transplant therapy.*-8°

Arecent EBMT registry study on 1,482 MDS patients analyzed
whether downstaging according to IPSS-R from diagnosis
to transplant had an impact on survival after allogeneic
HSCT.®" Transplant outcome was moderately improved in
patients treated with chemotherapy and who had an im-
proved IPSS-R category at transplant, but worse if IPSS-R
category increased at transplant after chemotherapy or HMA
therapy. Improved IPSS-R risk category after HMA or other
treatments did not affect outcome after transplantation.?’
Retrospective studies of conditioning regimen intensity
showed higher non-relapse mortality but fewer relapses
with myeloablative conditioning regimens.®?2 One prospective
EBMT study (RICMAC) showed no difference in outcome
between patients conditioned with myeloablative or re-
duced intensity regimens.?®* The BMT-CTN study of patients
with AML or MDS showed a higher risk of relapse after
reduced intensity conditioning, but the number of MDS
patients included was limited.®* Better outcome was seen
in patients treated with a treosulfan/fludarabine-based
reduced intensity conditioning regimen in comparison to
a busulfan/fludarabine-based one® and there were fewer
relapses associated with a melphalan/fludarabine-based
reduced intensity conditioning regimen versus a busulfan/

Table 1. Prospective comparison of allogeneic stem cell transplantation and conventional therapy in high-risk myelodysplastic

syndrome.
Authors Conditioning Compared to Age in years D:sm:‘ro(r:::gtlel\t:l ) LFS, % 0S, %
o at 4 years:
Robin et al.*" RIC and MAC ';"r\]":o(;ifs) 50-70 112 vs. 50 ND 37 vs. 15
P=0.02
. HMA or best at 3 years: at 3 years:
?‘Bal\ﬁ[%ﬁ; ?q?)lé)“ﬁ R'rgg(iﬂignt supportive 50-75 260 vs. 124 35.8 vs. 20.6 47.9 vs. 26.6
care P=0.03 P=0.001
. ) 81 vs. 27 at 3 years: at 3 years:
Kroger et al. 25 RIC (busulfan Azacitidine 50-70 [no donor: treated with 34 vs. 0 50 vs. 32
(VidazaAllo-Study) TR azacitidine] P<0.0001 P=0.12

LFS: leukemia-free survival; OS: overall survival; RIC: reduced intensity conditioning; MAC: myeloablative conditioning; HMA: hypomethylating

agents; ND: not done.
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Define high risk as:

N. Kroger

IPSS-M: moderate high, high, and very high
IPSS-R: high or very high

Consider also: progressive

cytopenia, BM fibrosis, and treatment failure in

lower risk MDS

“Transplant-eligible“
Consider:

patient- and transplant-
specific factors

Bridging with
chemotherapy

or HMA only in rapidly
progressing disease

Failure of transplant
(relapse)

e HMA plus DLI

e Clinical trials

e Evaluation of 2nd allograft

Allogeneic SCT with MAC
or RIC according to
patient-specific factors

“Non-transplant-eligible“
Consider:

patient- and transplant-
specific factors

HMA plus
supportive care
or clinical trial

Failure of HMA

e Reevaluate option of
allogeneic SCT

e Clinical trials

e Best supportive care

Figure 2. Treatment of high-risk myelodysplastic syndrome. IPSS-M: Molecular International Prognostic Scoring System; IPPS-R:
Revised International Prognostic Scoring System; BM: bone marrow; MDS: myelodysplastic syndrome; HMA: hypomethylating
agent; SCT: stem cell transplantation; MAC: myeloablative conditioning; RIC: reduced intensity conditioning; DLI: donor lympho-

cyte infusion.

fludarabine-based one.®® The broader availability of unre-
lated donors and the introduction of post-transplant cy-
clophosphamide as prophylaxis against graft-versus-host
disease in haploidentical HSCT has further increased the
donor pool and the number of allogeneic transplants for
MDS and registry studies suggest that the outcome of hap-
loidentical HSCT with post-transplant cyclophosphamide
is similar to that with matched unrelated donors.®”

Post-transplant relapse prevention strategies

Because relapse is the most frequent treatment failure after
HSCT in MDS, reducing the risk of relapse by introducing
post-transplant maintenance strategies is a hot topic and
currently under intense clinical investigation. Post-trans-
plant monitoring by assessment of chimerism or molecular
markers with sensitive sequencing methods is helpful in
guiding post-transplant interventions.®®8° However, the
largest study so far with 5-azacitidine maintenance for
AML and MDS patients failed to show a reduction of re-
lapse after HSCT.°° Novel approaches to prevent or delay

relapse are eprenetapopt plus 5-azacitidine in TP53-mutat-
ed MDS, enasidinib for IDH2-mutated MDS, or pre-emptive
5-azacitidine triggered on the basis of minimal residual
disease findings.®**'%2 Donor lymphocyte infusions alone
or in combination are indicated in relapsed patients but
available data on this strategy as prophylactic treatment
are not conclusive.®®*% Results from ongoing prospective
studies on pre-emptive donor lymphocyte infusions, as
well as maintenance with oral 5-azacitidine or 5-azaciti-
dine/venetoclax combinations are pending, thus no valid
recommendations can be given at present.

Summary

Treatment of HR-MDS remains a major challenge. Alloge-
neic HSCT is curative and the standard-of-care treatment
for eligible patients. Outcomes after transplantation have
improved in recent years due to a reduction of toxicity
and better management of infectious complications. All
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“higher-risk” MDS patients with good performance status
and no severe comorbidities should be considered for cu-
rative allogeneic HSCT (Figures 1 and 2). Age should not be
considered per se as a contraindication. In any case, the
risk of HSCT must be balanced against the life expectancy
with and without transplantation, also taking the patient’s
perspective into account. However, even if transplantation
for HR-MDS can be offered to older patients as well, the
majority of subjects with HR-MDS are still not eligible for
this approach. Major clinical research efforts should be
made to provide a commonly accepted definition of “trans-
plant-eligibility” and to further reduce therapy-related
morbidity and mortality. For patients who are not eligible
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