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report demonstrated that the use of insecticide to impreg-
nate bed nets and screening for parasites in blood reduced
the malaria risk in children on iron supplementation.17

Moreover, recent data demonstrate that iron deficiency
negatively impacts on immunological responses to diphthe-
ria vaccine leaving children insufficiently protected against
such infections (N Stoffel, Zurich, oral presentation, Bioiron
Meeting 2019). Thus, this study by Armitage15 and co-work-
ers is an important step forward to gain more insights into
the relative contribution of different regulatory mecha-
nisms on circulating biomarker concentrations such as hep-
cidin and how this impacts on predicting therapeutic effica-
cy and the risk:benefit ratio of iron supplementation in a
primary care setting.     
Future studies will have to clarify the optimal timing and

dose of iron supplementation to children, whether or not a
continuous administration via dietary iron fortification or a
once daily or once every other day application is
preferable.18 It will also be  necessary to identify those chil-
dren who might be at risk of unwanted effects of iron sup-
plementation mainly arising from an increased morbidity
and mortality from infections. Finally, we await further
information on the impact of iron supplementation on
growth and mental development, functionality of the
immune system, efficacy of preventive measures such as
vaccination, and the consequences of iron-mediated alter-
ations of the intestinal microbiota on children’s health. 
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Myelodysplastic syndromes (MDS) and acute
myeloid leukemia (AML) are clonal hematopoi-
etic stem/progenitor cell (HSPC) disorders main-

ly affecting the elderly population.1 Hypomethylating
agents (HMA) like azacitidine and decitabine have
become the standard of care in elderly patients with high-
risk (HR) MDS or AML unfit for intensive treatment
approaches. Until today, responses to HMA have occured
in less than 50% of patients and are not durable, with
only a few patients achieving long-lasting remissions.2,3
Prognostic clinical markers, such as presence of peripher-
al blasts, high transfusion burden, and poor performance
status, have been identified as indicators of a worse out-
come of HMA-based therapy.1,4 Moreover, responses to
HMA are especially short-lived in patients with adverse

risk cytogenetic abnormalities compared to those with
normal karyotype.1
Craddock et al. evaluated the impact of mutational pro-

file on clinical response to azacitidine by analyzing 250
patients with newly diagnosed, relapsed, or refractory
AML or HR-MDS. Lower complete response (CR) rates
occurred in patients with an IDH2 and STAG2 mutation,
higher CR rates in patients with NPM1 mutation.
Mutations in CDKN2A, IDH1, TP53, NPM1, and FLT3-
ITD were associated with a worse overall survival (OS) in
univariate analysis, while multivariate analysis showed a
decrease in OS in patients with CDKN2A, IDH1, or TP53
mutations. Moreover, ASXL1 and ETV6 were associated
with short response duration after azacitidine treatment.5
Despite all efforts to try to select patients based on
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their cytogenetic and molecular characteristics, failing
HMA therapy is still associated with a dismal prognosis
reflected by a median survival of six months.6 Until now,
almost nothing has been known about the mechanisms
underlying HMA-resistance. Thus, as frequently as possi-
ble, patients experiencing HMA failure should be evaluat-
ed for clinical trial options, given the current absence of
any available standard treatment in that setting. In clini-
cally fit patients with HR-MDS or secondary AML
(sAML) and normal karyotype,  intensive chemotherapy
with a subsequent allogeneic stem cell transplantation
may also be considered. 
In this issue of the Journal, Sébert et al. report results of

a phase II study of the Groupe Francophone des
Myélodysplasies (GFM) investigating the novel HMA
guadecitabine (SGI-110) as a salvage treatment in HR-
MDS and low blast count AML (<30% bone marrow
blasts) patients after azacitidine failure.7 Guadecitabine is
a dinucleotide of decitabine and deoxyguanosine with
similar potency but longer half life due to resistance to
cytidine deaminase degradation. This results in an
extended exposure of blasts to its active metabolite
decitabine. The study included fifty-six patients (median
age 75 years) who failed or relapsed after at least six pre-
vious azacitidine cycles. Patients' characteristics indicated
a study population with advanced disease, including
87.5% of patients carrying high-risk somatic mutations
such as ASXL1 (25%), RUNX1 (21%), TP53 (20%) and
U2AF1 (20%).7 Patients achieving hematologic response
after 3, 6 or 9 cycles of guadecitabine (60 mg/m2/day sub-
cutaneously days 1-5 of 28-day treatment cycles) were
considered to be responders and were allowed to contin-
ue treatment until loss of response. Sébert et al. identified
eight (14.3%) responding patients, including two CR, one
partial response (PR), three hematologic improvements

(HI), and two marrow CR (mCR). Median response dura-
tion was 11.5 months and median OS 7.1 months;
responders had a prolonged median OS of 17.9 months.7

Therefore, even after failure to an HMA, HMA-based
treatment with guadecitabine can be an effective alterna-
tive treatment option prolonging survival in a small pro-
portion of HR-MDS and AML patients, with a toxicity
profile similar to that of standard HMA. The authors
present an analysis of prognostic factors for response and
prolonged OS after guadecitabine treatment. Especially
patients with primary azacitidine failure, absence or lim-
ited number of somatic mutations and lower methylation
level in blood during the first cycle of treatment benefited
from guadecitibaine treatment.7 A phase III trial compar-
ing guadecitabine with treatment of choice in MDS
patients after HMA failure is currently ongoing (clinicaltri-
als.gov identifier: 02907359).
One other promising approach to improving efficacy of

hypomethylation in HR-MDS and AML patients is the
addition of the orally selective B-cell lymphoma 2 (BCL-2)
inhibitor venetoclax to HMA. BCL-2 protein, a key regu-
lator of leukemic blast survival, has been reported to play
an important role in regulating apoptosis via the intrinsic
mitochondrial cell death. Overexpression of the BCL-2
protein has been shown to be associated with poor out-
comes, conferring chemotherapeutic resistance in AML.8

Recent data suggest that 400 mg of venetoclax has an opti-
mal benefit-risk profile when used in combination with
azacitidine.8 This combination has already demonstrated
impressive rates of CR both in the frontline and relapse
settings: AML patients treated with first-line venetoclax
and HMA showed favorable overall response rates (ORR)
(CR: 71% and CRi: 74%).9,10 Median duration of response
after achieving CR was 21.2 months and median overall
survival was 16.9 months.9 Comparing these results with
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Figure 1. New options after hypomethylating agent failure.



historically poor outcome data of single agent azacitidine
treatment (CR rates approx. 20%; OS not exceeding 12
months in AML patients3), it becomes clear that this novel
targeted combined strategy will potentially dominate the
future treatment landscape in HR-MDS and AML patients
not eligible for intensive induction therapy. Nevertheless,
previous clinical trials in AML demonstrated a toxicity
profile that represents cause for concern. Over 50% of
included patients developed grade ≥3 neutropenia, leading
to a high incidence of treatment interruption and subse-
quent study discontinuation due to progressive disease
(PD).9,11 Recruitment is currently underway for a clinical
study evaluating the combination of venetoclax with
azacitidine in patients with HR-MDS after HMA failure
(clinicaltrials.gov identifier: 02966782). 
It is known that HMA can reduce immune response by

upregulation of inhibitory immune checkpoint molecule
expression. Therefore, preventing resistance to HMA by
combining HMA and checkpoint inhibition is another
possible new treatment strategy which is currently under
investigation in several clinical trials. We reported on a
patient with sAML undergoing single agent pem-
brolizumab (anti-PD-1) treatment.12 After two months of
therapy, platelet count increased in line with a response
according to International Working Group (IWG) 2018
criteria, together with clearance of IDH1 mutation.12

Recently Daver et al. reported on a phase II study evalu-
ating response to azacitidine and nivolumab in
relapsed/refractory AML patients. In HMA pretreated
patients, ORR was 22% and median OS for the 70 includ-
ed patients was 6.3 months.13

Gemtuzumab ozogamicin (GO), a humanized anti-
CD33 antibody conjugate, is currently licensed by both
the US Food and Drug Administration and the European
Medicines Agency in combination with daunorubicin and
cytarabine for the treatment of de novo CD33-positive
AML patients. Moreover, available data suggest activity
of GO in combination with HMA. The maturation of
AML blasts increases CD33 expression after HMA thera-
py, resulting in an enhanced uptake of GO by blast cells.14

A phase II clinical trial in older AML patients evaluated
the combination of hydroxyurea followed by azacitidine
for seven  days and GO on day eight. Results demonstrat-
ed CR in 44% of patients in the good risk group (age 60-
69 years or performance status 0-1) and 35% (19 of 59
patients) CR rate in the poor risk group (age ≥70 years
and performance status 2 or 3).14 In a phase II study in
newly diagnosed or relapsed HR-MDS and AML patients,
the combination of decitabine with GO achieved CR/CRi
in 35% of patients (39 of 110 patients).15

Rigosertib (ON-01910), a multikinase inhibitor, is cur-
rently undergoing evaluation in a randomized phase III
trial (clinicaltrials.gov identifier: 02562443) in HR-MDS
patients after HMA failure. Results of a previous phase III
study demonstrated that patients treated with rigosertib
had longer (8.6 vs. 5.3 months) median OS compared to
patients receiving best supportive care after HMA fail-
ure.16 The combination of rigosertib with azacitidine after
HMA failure was recently evaluated in a phase II trial,
showing an ORR of 54%, including 8% CR in this patient
population; the safety profile was similar to those
described for azacitidine alone.17

One interesting new therapeutic target in patients fail-
ing HMA is the selective inhibition of AXL, a surface
membrane protein kinase receptor on blast cells.
Signaling through AXL seems to stimulate a number of
pro-survival pathways and enables malignant cells to
develop resistance to conventional chemotherapies.18 Pre-
clinical studies with bemcentinib, an orally selective small
molecule AXL inhibitor, demonstrated in vitro and in
mouse models that leukemic proliferation was blocked
by interference with AXL signaling.18 Thus, AXL repre-
sents a promising target and bemcentinib a possible new
treatment option for HR-MDS or AML patients.18 The
efficacy and safety of bemcentinib is currently being eval-
uated in a phase II study (BERGAMO trial; clinicaltrials.gov
identifier: 03824080) within the European Myelodysplastic
Syndromes Cooperative Group (EMSCO) in patients
with HR-MDS or AML after HMA failure. Other poten-
tially available therapeutic approaches after failing HMA
include the use of targeted molecular therapies, e.g. with
IDH or FLT3-inhibitors. IDH mutations are quite com-
mon in MDS (10-15% of patients) and data in relapsed
AML have so far proved promising.19 FLT3-inhibitors
have already been approved in the US for second-line
treatment of patients with AML and may, therefore, offer
a therapeutic option in rare FLT3 mutated cases with dis-
ease progression.20

In conclusion, patients with HR-MDS or AML failing
HMA remain a population with a dismal outcome and
limited therapeutic options. In the future, a personalized
targeted treatment strategy on the basis of the patient’s
molecular profile, cytogenetics, and previous therapies
may be the best approach. Until then, translational stud-
ies based on a variety of prospective clinical trials are
urgently required to overcome the enormous unmet med-
ical need for additional treatment options. 
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The exciting story of the clinical use of imatinib
mesylate for the treatment of leukemias driven by
the bcr/abl mutation began in the late 1990s and

dramatic effectiveness was immediately apparent in all
stages of the diseases.  Although there was concern that
these benefits might not persist, we now know, after
almost twenty years of  follow up, that a high proportion
of chronic phase patients attain deep molecular responses
and enjoy an overall survival comparable to that of age-
matched controls.1 It was originally expected that life-
long treatment would be needed, but in recent years, tri-
als from around the world have shown that tyrosine
kinase inhibitors (TKI) can be successfully discontinued
in some patients who have achieved sustained deep
molecular responses.2,3

These were conducted as part of clinical trials at CML
research institutions by experienced CML clinicians. In
this issue of the Journal, Italian clinicians from a wide
range of  institutions of the Gruppo Italiano Malattie
Ematologiche dell'Adulto (GIMEMA) describe a large
group of chronic phase patients who had therapy discon-
tinued, many presumably as a consequence of patients’
requests to doctors, who were now comfortable with the
accumulated results.4 With a median follow up of 34
months, 60% of patients remained in what has been
termed “treatment-free remission” (TFR),5 a result consis-
tent with or perhaps slightly superior to those from earli-
er trials.  As in other trials, the relapse rate was somewhat
lower in patients with longer exposures to TKI and all

patients who had molecular relapse were successfully
retreated with either their original TKI or were switched
to another TKI if their motivation for discontinuation
was toxicity; these retreated patients usually achieved
the level of their original response.
Most CML patients in the US (and to some extent else-

where) are not followed in specialty hematology centers.
This means that the next question in the TKI saga is
whether discontinuation can be managed safely by non-
specialist oncologists. The process is not very difficult to
understand and there are few risks if patients are selected
and followed appropriately.  The criteria for study entry
and monitoring differed somewhat amongst the pub-
lished trials, but a consensus approximation would
include:
- TKI treatment for a minimum of three years; 
- continuous deep molecular response [minimum MR4

(BCR-ABL1 ≤0.01% using the International Scale, IS)] on
multiple testing for at least two years. Some studies
required reduction to < MR4.5, although outcomes seem
comparable (including the results from this GIMEMA
experience) using either molecular cutoff; 
- use of a quantitative polymerase chain reaction

(qPCR) test sensitive to a level of at least MR4.5 in a lab-
oratory with a rapid turn-around time;
- monitoring of peripheral blood transcripts every 4-6

weeks for 6-8 months, then bimonthly for approximately
one year followed by every three months thereafter for a
minimal follow up of three years;

Discontinuation of tyrosine kinase inhibitors in patients with chronic myelogeneous
leukemia – You can do this at home if you read the instructions
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