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Summary. The aim of this small volume is to raise awareness among Italian hematologists using hypometh-
ylating drugs about risk - and even more important about “risk management” - and the treatment of the 
infectious events that may arise during therapy with these drugs. Since we wanted this review to be an ex-
tremely practical tool, we have included the most recent clinical case studies, the indications provided by the 
guidelines and expert opinions. Infectious complications are among the most common adverse events that 
can arise during treatment with hypomethylating drugs. For this reason, a large portion of the chapters of this 
small volume has been dedicated to a detailed description (on the basis of an attentive review of the litera-
ture) of what the hematologist can expect to encounter in terms of risk of infection, in patients treated with 
azacitidine or decitabine, and to the preventive investigations to carry out and the active prophylaxis measures 
recommended before commencing treatment with these drugs. What led us to write this book was the con-
viction that the critical sharing of the studies published in literature and of our personal experiences could 
contribute to prompting reflection on how we operate and that this, in turn, would lead to the best possible 
management of these treatments, both in patients with myelodysplasia and in patients with acute myeloid 
leukemia, preventing - and efficiently managing - infectious events  - during therapy. We should not be misled 
by the fact that the treatments are prevalently administered on an outpatient basis; these patients due to their 
disease and, in particular, to their age, are extremely frail, and infectious and hemorrhagic complications are 
the main causes of their admissions to hospital. But expert knowledge and management of the risks of infec-
tion can guarantee better management of their needs on an outpatient basis, with undeniable advantages for 
the clinic but, first and foremost, for the patients.  (www.actabiomedica.it)
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Introduction

Neoplastic disease in elderly patients is a major 
problem given the fact that in western countries now-

adays around 25% of the general population is over 65 
years of age and the prevalence of oncological diseases 
in advanced age is around 60%, making it one of the 
main causes of death. hematological neoplasms (in-
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cluding myelodysplasias and acute (particularly my-
eloid) leukemia are among the most frequent types in 
patients within this age group.  Their treatment in-
volves numerous problems, which are often extremely 
complex, essentially connected with: low tolerability 
to aggressive chemotherapy treatments; concomitant, 
frequently debilitating, chronic diseases which often 
destroy natural barriers; a lower capacity of the bone 
marrow to recover after chemotherapy, exposing the 
patients to prolonged periods of neutropenia. Addi-
tionally, these blood disorders also involve the tissues 
and cells responsible for the body’s natural immune 
defences, so their onset determines a state of severe 
immunodeficiency leading to greater susceptibility to 
infective complications of various kinds and degrees 
of seriousness. This is an aspect of major importance 
nowadays, since often these complications can have a 
decisive effect on the clinical development and prog-
nosis of the disease.

Standard or high-dosage chemotherapy treat-
ments produce a pathophysiological condition called 
neutropenia (neutrophil granulocyte count <1000/
mm3), of duration and intensity, which, as already men-
tioned, in the elderly patient can be compounded by 
the difficulty of recovering normal blood crasis, due to 
the natural progressive replacement of hematopoietic 
bone marrow with fatty tissue. This condition, associat-
ed with a considerable reduction in the phenomena of 
chemotaxis and phagocytosis, is one of the main causes 
of increased exposure to the risk of bacterial or fungal 
infectious diseases, which, in a relatively frequent per-
centage of cases can lead to the patient’s exitus. 

From the epidemiological standpoint, the most 
important infective problems for elderly neutropenic 
patients include:

a) �gradually increasing incidence of infections 
and bacteremia due to multi-resistant Gram-
negative germs. 

b) �progressive increase of fungal infections, par-
ticularly filamentous fungi (aspergillosis and 
mucormycosis) 

c) �Onset of viral infections, of variable etiology 
and clinical expression.

The introduction of hypomethylating agents has 
changed the clinical outcome for elderly patients with 
myelodysplastic syndrome (MDS) and acute myeloid 

leukemia (AML) over the last decade or so. In the past 
those patients eligible for chemotherapy were treated 
either with standard chemotherapy protocols, which 
were often too aggressive (3+7) or with very bland 
treatments (i.e. low dose cytarabine), with unsatisfac-
tory or limited results.  

With azacitidine and decitabine, there was a 
change from an extremely medicalized form of man-
agement, involving admission to hospital (especially 
for acute leukemia) during the induction phase, to an 
essentially outpatient-based form of management, giv-
ing priority to quality of life and good results in terms 
of prognosis. 

Literature on the risk of infection with standard 
treatments is full of data reporting a high risk of in-
fection, for the most part fungal or bacterial. On the 
contrary, the risk of infection with hypomethylating 
agents has not been quantified, particularly in patients 
with acute myeloid leukemia. So it is essential to figure 
out whether this risk exists and to identify the phases 
of treatment during which it is at its highest, which 
types of infections should be considered the most fre-
quent and what diagnostic and therapeutic (prophy-
laxis and treatment) strategies are the most suitable. 

In absence of controlled prospective studies on 
this problem, a panel of experts is required in order to 
give instructions that are useful and applicable in “real 
life”, until studies able to provide the necessary answers 
are carried out. 

The aim of this publication is to discuss the risk 
of infection in myelodysplasias and acute myeloid leu-
kemia in the elderly, with a special focus on treatments 
with hypomethylating agents, and to examine whether 
these drugs can lead to increased risks. Figures, risk 
factors and advice will also be provided on the man-
agement of the infections and therapy in patients with 
infectious diseases of different etiology.

High risk myelodysplastic syndromes and acute 
leukemia in the elderly

General considerations on elderly hematological patients

Myeloid neoplasms (MDS and AML) are dis-
eases of the elderly. In fact, approx. 50% of cases de-
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velop in the population over 65 years of age, i.e. 12% 
of the total population. In Europe it is estimated that 
by 2030 the elderly will account for 20% of the over-
all population and 70% of all patients with neoplasia. 
The management of neoplasms in the elderly patient is 
rapidly becoming one of the most frequent problems 
encountered in hematology (1).

Aging 

Aging brings about a reduction in life expectancy 
and of the functional reserves of the various organs and 
systems, bringing about a more limited tolerance to 
stress. For this reason, as the patient ages, the benefits 
of treatments based on standard chemotherapy drugs 
decrease and the risks connected with their tolerability 
increase. Aging is an individualized process: people of 
the same age can have a different life expectancy and 
a totally different tolerance to stress. For this reason, it 
is important to determine the physiological age of the 
patient, in order to be able to make a benefit/risk as-
sessment of the therapy (2,3).

From the clinical standpoint, the best validated 
determination of physiological age can be obtained 
through the Comprehensive Geriatric Assessment - CGA. 
Based on the CGA, it was possible to build mortality 
risk prediction models for elderly patients (70 years 
and over) affected by a variety of clinical conditions. 
In the oncohematological field, some studies demon-
strated a correlation between dependence for one or 
more ADLs (Activity of Daily Living), advanced de-
gree of comorbidity and chemotherapeutic complica-
tions. The CGA is very useful in the planning of the 
anti-neoplastic treatment in the elderly patient, for the 
following reasons: 1) it gives an estimate of life expec-
tancy and of the tolerability of the treatment; 2) it ena-
bles the identification of conditions such as overlooked 
reversible comorbidities, malnutrition risk, absence of 
a proper caregiver, which can impair the success of the 
treatment; 3)  it enables the use of a common language 
in the description of the elderly patient (4-6). 

For example, a lack of autonomy pinpointed by 
the ADL scale, the presence of one or more geriat-
ric syndromes or a serious comorbidity threatening 
the survival of the patient are contraindications to any 
form of active therapy, since these patients have a very 

limited life expectancy and tolerance to treatment. Ad-
ditionally, it is very important to recognize that a lack 
of functional autonomy means an incapacity to com-
pensate for one’s own functional losses (7). Moreover, 
for patients taking 8 or more drugs per day, the risk 
of encountering at least one adverse pharmacological 
interaction is very high, and the risk of pharmaco-
logical interactions is responsible for a 60% increase 
in the risk of chemotherapy complications. Lastly, the 
evaluation of the caregiver is a key factor for the suc-
cess of the treatment (8). Very often the caregiver of 
the elderly patient is another elderly person, usually 
the spouse, who also has serious health problems. The 
ideal caregiver should be able to assist the patient at 
home, take them to a treatment centre in the case of 
emergency and provide emotional support. Among the 
organic functional deficits, it should be considered that  
impaired glomerular filtration is almost universal with 
aging. Many drugs give rise to toxic metabolites, the 
toxicity of which can increase in the event of reduced 
renal function (9).

Aging and frailty are two concepts that have al-
ways gone hand in hand. There is virtually universal 
agreement on the importance of frailty as a condition 
of extreme susceptibility to stress, so that even minor 
stress (such as elective surgery), can cause a progressive 
functional decline. A practical definition of frail has 
been defined on the basis of the results of the Cardio-
vascular Health Study (CHS), where basing themselves 
of 5 parameters, researchers defined three groups of 
individuals: not frail (all parameters normal); pre-frail 
(abnormality of 1 or 2 parameters) and frail (abnor-
mality of 3 or more parameters) (10,11). These three 
groups have a different life expectancy and a different 
risk of hospitalization and functional decline. The five 
parameters are: 

• �unintentional loss of at least 4.5 kg in the 6 
months leading up to the evaluation;

• �decreased strength of manual pressure; 
• �decreased physical activity;
• �decreased maximum walking speed; 
• �decreased energy level.
When this was established, it constituted the ref-

erence for frailty studies. Of particular interest is the 
fact that recent studies have demonstrated how asthe-
nia, a common symptom both in the elderly and in the 
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cancer patient, heralds the development of frailty in 
over 70% of cases (11). Although the relations between 
frailty, cancer and anti-neoplastic treatment need to be 
further defined, a benefit-risk assessment applied to 
the treatment of the elderly patient affected by myleoid 
neoplastic disease must be based both on the nature of 
the pathology and on the patient’s CGA. In addition 
to providing an estimate of life expectancy and toler-
ance to the treatment, the CGA also makes it possible 
to pinpoint unfavourable but reversible conditions that 
could jeopardize the results of the treatment and use a 
common language to classify the elderly patient. 

Acute myeloid leukemia in the elderly 

AML is a disease typically found in the elderly. 
In fact, its incidence increases progressively from ap-
prox. 1 case per 100,000 inhabitants at the age of 40, to 
more than 15 cases per 100,000 in the age range 75-80, 
so over 50% of AML cases are diagnosed in patients 
over the age of 60 (12). This has led to growing interest 
in the disease in the elderly, not only from the clini-
cal standpoint, through retrospective and prospective 
studies specifically designed for the elderly, but also 
from a strictly biological standpoint, with a view to 
investigating age-related molecular and cytogenetic 
differences.

Despite this, treatment results remain historically 
unsatisfactory in terms of achieving complete remis-
sion (CR) and, even more so, long-term survival (13). It 
should also be considered that the majority of the results 
in literature derive from multi-centre cooperative trials, 
from which at least 40% of elderly patients are excluded 
due to age >75 years and/or the presence of one or more 
comorbidities at the time of diagnosis. Other selection 
factors include the attitude of the patient and the doc-
tor, the scientific interest of the latter, the availability of 
beds in the healthcare institution and, on occasion, the 
geographical distance from the hospital. All this deter-
mines a significant selection of patients deemed unfit, 
who only receive supportive care or bland treatments 
managed, whenever possible, on an outpatient basis. 
The consequence of this is that a large proportion of 
patients are treated with therapeutic strategies that do 
not have the power to change the natural course of the 
disease (14) (Table 1).

This proportion is now over 80% in patients aged 
between 60 and 70 years, while it is still largely under 
50% in those over 70 years of age. These considerations 
prompt reflection on a redefinition of the age limit 
on the basis of which a patient with AML should be 
placed in the “elderly” category; today this limit should 
probably be raised above 70 years of age.

Prognostic factors

The most important prognostic factors in AML 
in elderly patients include age, cytogenetics and the 
presence of comorbidities. Most of the information 
derives from clinical trials based on the provision of in-
tensive induction treatment followed by consolidation, 
since the prognosis of patients treated with supportive 
care alone is generally unfavourable, irrespective of the 
initial biological characteristics. 

Cytogenetics and molecular changes 

The criteria for cytogenetic prognostic classifica-
tion of AML in elderly patients are shown in Table 
2 and derive from the studies of the British research 
groupMedical Research Council (MRC) (15).

In elderly patients the frequency of chromosomal 
abnormalities with a prognostically unfavourable sig-
nificance is greater compared with young adults and 
translates, on a clinical level, to a lower percentage of 
CR and in a shorter duration. Additionally, t(8;21) and 
inv(16) are rare over 60 years of age and, in any case, 

Table 1. Most frequent causes for the exclusion of elderly pa-
tients with AML from aggressive chemotherapy.

Causes for exclusion 

•	 Age >75 years

•	 Performance status ≥ 2-3

•	 Attitude of patient and family members

•	 Attitude of doctor

•	 Scientific interest of the doctor in a given therapy

•	 Lack of a caregiver

•	 Distance from treatment centre 

•	 Availability of beds
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they are associated with less satisfactory therapeutic 
results (16).  

Cases of AML preceded by MDS or Myelopro-
liferative Neoplasms (MPNs) are significantly more 
frequent in elderly patients compared to younger pa-
tients (30% vs. 10%). The prognostic impact of the 
diagnosis of MDS prior to the onset of AML is gen-
erally considered unfavourable. Moreover, among the 
unfavourable criteria, it is important to highlight the 
frequency with which an elderly patient is diagnosed 
with AML associated with signs of morphological 
myelodysplasia, an entity that has been recognized in 
the WHO classification of myeloid neoplasms. It is 
plausible that undiagnosed MDS may have preceded 
the onset of AML in many of these patients, suggest-
ing a suspected diagnosis of secondary leukemia (17).

The favourable prognostic significance of NPM1 
mutations in absence of FLT3/ITD mutations in young 
adult patients with a normal karyotype, has been con-
firmed by numerous studies, to such an extent that pa-
tients with AML-NPM1+/FLT3- and a normal kary-
otype are excluded from the transplant programmes at 
the first CR. Recently, an analysis of CALGB (Cancer 
and Leukemia Group B) confirmed these data also in 
elderly patients, even although globally the outcome for 
the latter was less favourable than that of their young 
counterparts (18). As regards FLT3 mutations, associ-
ated with a worse prognosis in patients aged <60 years, 
they do not seem to exert a prognostically significant 
effect in elderly patients (19).

Comorbidity

Very advanced age and the presence of one or 
more comorbidities are unfavourable prognostic fac-

tors in elderly patients with AML and represent one 
of the most frequent reasons for their exclusion from 
intensive chemotherapy regimens aimed at achieving 
CR. Special geriatric assessment scales have been pro-
posed for patient evaluation, in order to render clinical 
assessment more uniform and mitigate the subjectivity 
of the doctor when judging a patient eligible or oth-
erwise for a given choice of therapy (20). The use of 
these multi-dimensional evaluations should undoubt-
edly be encouraged, particularly in clinical trials with 
a view to rendering the study populations more ho-
mogeneous and the results of the trials themselves 
more reproducible. On the other hand, it must also be 
considered that not infrequently the compromising of 
performance status (PS) is exclusively or prevalently due 
to the leukemic disease and that clinical conditions can 
improve considerably after appropriate supportive care 
(transfusions, antibiotics, hydration), so that a patient 
ineligible at the outset could become eligible after the 
aforementioned care (21).

Supportive care and chemotherapy

The only randomized trial published in literature 
which compared chemotherapy with supportive care 
was conducted by EORTC (European Organization 
for Research and Treatment of Cancer) in 1989. In a 
cohort of patients aged over 65 years a comparison was 
made between intensive standard chemotherapy and a 
watch and wait strategy, based on supportive care and 
bland cytoreduction therapy only in the case of leu-
kocytosis and/or symptoms associated with the hema-
tological disease. The outcome proved to be better for 
the patients who underwent intensive chemotherapy 
compared to those of the group treated exclusively 

Table 2. Cytogenetic prognostic classification of AML in elderly patients

Prognostic group	 CR (%)	 Survival at 5 years (%)

Favourable karyotype:
t(8;21), inv(16), t(16;16)	 75	 35

Intermediate Karyotype:
normal karyotype, non-complex karyotype, no abnormalities of chromosomes 5 and 7	 60	 15

Unfavourable karyotype: 
complex karyotype, abnormalities of chromosomes 5 and 7	 20	 5
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with supportive care (median survival time: 21 weeks 
against 11) (22). 

For over 20 years, standard induction chemo-
therapy of AML has been based on the association of 
daunorubicin (DNR) and ARA-C. Lowenberg et al. 
demonstrated that an increase of more than 45 mg/
m2 of DNR during induction improves clinical results 
in terms of the achievement and duration of CR, but 
the benefit is limited to patients aged 65-70 years with 
intermediate cytogenetics. If age >60 years is an unfa-
vourable prognostic factor in patients at the outset, it 
is even more so after the onset of a relapse. In a trial 
that recruited 50 elderly patients with AML during 
its first relapse, the percentage of the second CR was 
lower than 40% for the 100 patients selected to receive 
intensive salvage therapy (23). 

Therapy for “unfit” elderly patients

In oncology, the term unfit defines patients af-
fected by neoplasms, generally (but not always) el-
derly, who are unable to tolerate intensive treatment, 
and therefore require modified or blander treatments 
which, in the majority of cases, do not aim at changing 
the natural course of the underlying neoplastic disease. 
With regard to AML, this definition covers the exist-
ence of two different categories of unfit patient: one 
which can be subjected to a less intensive therapeutic 
regimen which tends, in any case, to achieve CR; the 
second in which the patient can only be given the best 
supportive care and cytostatic therapy for leukocytosis 
control. The latter subgroup includes the vast majority 
of patients aged 75-80 years, independently of the PS 
and existing comorbidities (24.)

The first category is limited almost exclusively to 
patients aged >70 <80 years and is the one with the 
greatest margin of uncertainty, and hence the one in 
which the attitude of the clinician plays a fundamental 
role in the final therapeutic choice. Over and above 
possible recourse to more or less complex multidimen-
sional geriatric evaluations, simply determining the PS 
through score systems such as that of the Eastern Co-
operative Oncology Group (ECOG) or Karnofsky sup-
plies information of clinical importance, that may be 
independent of associated comorbidities. The clinical 
relevance of PS in AML at diagnosis is clearly dem-

onstrated by the close correlation between poor PS 
and mortality within the first 30 days of the start of 
induction chemotherapy. Additionally, in an extensive 
Swedish study on non selected patients, it was dem-
onstrated that mortality among the elderly people 
(>75 years) with a good PS can be lower than that in 
a younger population with a poorer PS. A potential 
cause of the erroneous interpretation of clinical con-
ditions is that of thinking that the poor PS depends 
strictly on the hematological disease. In other words, 
the determination of the PS does not distinguish be-
tween the decline in general conditions due to AML, 
reversible with supportive care, and the irreversible 
comorbidities that are not related to it. In this case, 
the score of the comorbidities would be more effective 
for the definition of the unfit condition and hence for 
the therapeutic decision in relation to the PS, which 
could, in turn, be reconsidered after correcting anemia, 
controlling sepsis and any other complications directly 
correlated to AML (24).

In conclusion, although age on its own is not suf-
ficient to be able to predict early mortality during in-
duction and response to therapy, every effort should 
be made to define uniform and universally accepted 
criteria for defining a patient with AML as unfit. A 
PS >2, non-reversible after supportive care, could rep-
resent a contraindication for the administration of 
intensive chemotherapy and, in general, of therapies 
aiming to achieve CR. An integrated evaluation of PS 
and comorbidities might therefore be useful in identi-
fying patients that might not benefit from a standard 
treatment.

In addition to the clinical factors correlated to 
the conditions of the patient, various studies have 
definitively demonstrated that the biological charac-
teristics of AML are different in the elderly patient 
as opposed to the young one. In elderly patients the 
disease is more often preceded by a phase of MDS 
and more frequently it is characterized by unfavour-
able cytogenetics. As suggested in a recent edition of 
the WHO classification and even more recently in the 
guidelines of the European Leukemia Net, the karyo-
type evaluation at diagnosis is obligatory for the pur-
pose of predicting the outcome and could also be used 
for stratifying the patients in three different treatment 
lines (25). Elderly patients with unfavourable cytoge-
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netics, in particular those with an abnormality of chro-
mosomes 5 and 7and/or a complex karyotype, usually 
have a percentage of CR lower than 30% and a me-
dian survival rate of a few months. Since almost all 
elderly patients diagnosed with AML need substantial 
supportive care, postponing the induction therapy for 
a few days in order to acquire the cytogenetic result 
seems reasonable in order to avoid toxicity that could 
also be fatal. The effect of the time interval between 
the diagnosis of AML and the start of induction ther-
apy has recently been evaluated on an extensive study 
population by Sekeres et al. (26). Contrary to what 
was observed in young people/adults, postponing the 
treatment by 5-7 days does not worsen the prognosis 
in terms of achieving CR and prolonging survival, it 
actually improves cytogenetic stratification. In conclu-
sion, a modern therapeutic approach should envisage 
the acquisition of the cytogenetic results with all pos-
sible haste (not more than 5-7 days): in the presence 
of an unfavourable karyotype, the possibility of giving 
the patient access to clinical trials using experimen-
tal drugs should be considered, since in this group of 
patients, even if deemed fit, the potential toxicity of 
the intensive chemotherapy is not compensated by an 
advantage in terms of survival. Similarly, AML sec-
ondary to previous MDS, especially of a duration >6 
months, identifies elderly patients who are biologically 
unfit and who therefore share the same negative prog-
nosis as those with the unfavourable karyotype. Hence 
the clinico-therapeutic considerations stated above ap-
ply to them as well. Having said this, it is nonetheless 
important to underline the availability of an extensive 
arsenal of new drugs that could, potentially, be used in 
the context of clinical trials for the treatment of elderly 
patients who are clinically or biologically unfit (27).

Myelodysplastic syndromes

Myelodysplastic syndromes (MDS) are a group 
of disorders of the hematopoietic stem cell, classified 
as myeloid neoplasms, characterized by the presence 
of dysplastic hematopoiesis, cytopenia of one or more 
of the peripheral blood chains and an increased risk 
of leukemic evolution. The incidence of this condition 
is approx. 5 cases out of 100,000 persons per year in 
the general population, but it increases to 50 cases out 

of 100,000 persons per year after the age of 60. The 
median age of diagnosis is around 65 - 70 years, with 
a predominance among males. This means that approx. 
3,000 diagnoses of MDS per year can be expected in 
the Italian population; due to the progressive aging of 
the population, this disease is on the increase. The in-
cidence could even be higher than that reported in the 
international registries, considering that many cases 
are not diagnosed due to unclear symptoms, or due to 
the fact that the patient is not eligible for bone marrow 
aspiration. Excluding forms correlated with therapies 
(28, 29), onset before 50 years of age is rare.

The integration of morphological, histopatho-
logical and cytogenetic evaluations makes it possible 
to make a diagnosis of MDS in accordance with the 
current WHO classification of 2017 (Table 3).

This classification is a useful tool for the definition 
of the various subtypes, which have different progno-
ses.

Prognosis

MDSs are an extremely heterogeneous group of 
disorders in terms of clinical outcome. In fact, they 
comprise low-risk, indolent forms (approx. 60-70% 
of cases) with a life expectancy similar to that of the 
general population, and high-risk forms (approx. 30% 
of cases), more similar to AML (30). Prognostic fac-
tors can be subdivided into factors correlated to the 
characteristics of the disease (percentage of blasts, 
presence of abnormal chromosomes, degree of bone 

Table 3. WHO MDS Classification

MDS Classification 

•	 MDS with single lineage dysplasia (MDS-SLD)

•	 MDS with multilineage dysplasia (MDS-SLD)

•	 MDS with ring sideroblasts (MDS-RS) with single lineage
	 dysplasia

•	 MDS with ring sideroblasts (MDS-RS) with multilineage
	 dysplasia

•	 MDS with excess blasts 1 (MDS-EB-1)

•	 MDS with excess blasts 2 (MDS-EB-2)

•	 Myelodysplastic syndrome associated with isolated del(5q)

•	 Unclassifiable myelodysplastic syndrome (MDS-U)
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marrow failure) and factors linked to the character-
istics of the patient (age, comorbidities, transfusional 
requirements).

Prognostic factors linked to the disease

In order to define the risk correlated to the char-
acteristics of the disease, prognostic systems combin-
ing a wide range of clinical characteristics with hema-
tological variables are used. 1997 saw the introduction 
of the IPSS (International Prognostic Scoring System), 
which is based on the evaluation of the percentage of 
blasts in the bone marrow, of cytogenetic abnormali-
ties and the number of peripheral cytopenias (Table 4). 
On the basis of this system, 4 classes of risk are iden-
tified: (low, intermediate-1, intermediate-2 and high) 
with different average survival rates and probabilities 
of evolution into AML (31).

For many years the IPSS has been the reference 
system for clinical decisions and for the study design of 
numerous important clinical trials. It was subsequently 
observed that other factors could have an important 
prognostic significance, such as multilineage dysplasia, 
severe anemia or dependency on transfusions and the 
presence of bone marrow fibrosis.

More recently, the International Working Group 
for the prognosis of MDSs reviewed the IPSS system 

(IPSS-R) on the basis of the analysis of an extensive 
cohort of non-treated patients. This analysis made it 
possible to attribute a prognostic meaning even to the 
rarest cytogenetic abnormalities, identifying 5 groups 
of cytogenetic risk, rather than the three identified by 
the IPSS system; the cytogenetic abnormalities to-
gether with the evaluation of the bone marrow blasts 
and the peripheral cytopenias form the basis underly-
ing the new system IPSS-R (32) (Table 5). There are 
calculation systems available online for defining the 
IPSS-R risk category (http://www.ipss-r.com). The 
patients included in the very high risk group have a 
median survival of only 0.8 years, while the average 
survival of the very low risk patients is 8.8 years, in 
any case very different from the life expectancy of 
individuals of the same age belonging to the general 
population.

Even although new factors with prognostic impor-
tance have been identified and new scoring systems have 
been introduced in order to improve the stratification 
of patients with MDS, the majority of clinical trials 
conducted so far to evaluated the efficacy and safety of 
the therapeutic agents have been chiefly based on the 
IPSS system. As a result, all the current recommenda-
tions based on therapeutic evidence refer to patients 
who were stratified according to the IPSS system. For 
this reason, it is currently recommended that all patients 

Table 4. International Prognostic Scoring System (IPSS)

Variables	 Score
	 0	 0.5	 1	 1.5	 2

Bone marrow blasts	 <5%	 5-10%	 -	 11-20	 21-30

Karyotype*	 Favourable	 Intermediate	 Unfavourable	 -	 -

Cytopenia*	 0/1	 2/3	 -	 -	 -

Risk groups
SCORE 0= low (median survival 5.7 years - risk of leukemic evolution 25% at 9.4 years)
SCORE 0.5 -1= intermediate - 1 (median survival 3.5 years - risk of leukemic evolution 25% at 3.3 years)
SCORE > 1.5-2= high (median survival 1.2 years - risk of leukemic evolution 25% at 1.2 years)
SCORE > 2= high (median survival 0.4 years - risk of leukemic evolution 25% at 0.2 years)

*Favourable: normal, del(5q) (isolated alteration), del(20q) (isolated alteration), - Y (isolated alteration)
*Intermediate: other abnormalities;
*Unfavourable: complex karyotype (≥3 abnormalities), chromosome 7 abnormalities;

# Cytopenia: hemoglobin <10 g/dL, platelets < 100x109/L, neutrophils > 1.8x109/L
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be stratified for risk according to this system. However, 
some clinical trials and prospective registries also in-
clude the stratification of patients according to the re-
vised IPSS-R system. 

Recently, it has been observed that also immu-
nophenotyping analysis using flow cytometry can be 
useful for identifying subgroups of patients with differ-
ent clinical characteristics and response to therapeuti-
cal treatments (33). Additionally, the spread of massive 
sequencing technologies has made it possible to iden-
tify new somatic mutations which could be added in 
the prognostic scores, allowing a more accurate strati-
fication of patient risk. For five genetic abnormalities 
(mutations of genes TP53, ETV6, RUNX1, ASXL1, 
EZH2) an unfavourable prognostic significance has 
been defined (34). Gene SF3B1 mutations are associ-
ated with anemia and the presence of ring sideroblasts 
and identify a sub-portion of patients with a favour-
able prognosis (35).

Prognostic factors linked to the patient

Various factors linked to the general state of health 
of the patient affect the clinical outcome and the man-

agement of the patient. Included among these factors 
are age, comorbidities, functional abilities (the PS), nu-
trition conditions and cognitive state. Advanced age is 
an independent unfavourable prognostic factor that af-
fects the probability of survival and has been added to 
various prognostic scores. In patients affected by MDS 
a high incidence of comorbidity has been observed; on 
diagnosis more than half of the patients present one or 
more comorbidities with a significant impact on surviv-
al. The most frequent comorbidity is heart disease and 
a significant increase in cardiac complications has been 
reported in patients with severe anemia or transfusion 
dependence. The problems clinked to the existence of 
comorbidities when low- and high-risk MDS patient 
categories are considered. In low-risk patients the co-
morbidities affect prognosis by directly increasing the 
risk of death for causes unconnected with leukemic 
evolution. On the contrary, in high-risk patients the 
clinical relevance of slight to moderate comorbidities 
is eclipsed by the severity of the disease; but in these 
patients the comorbidities still affect clinical outcome 
by reducing tolerance to the therapeutic treatment.

The prognostic relevance of the comorbidities can 
have important implications in the management of 

Table 5. International Prognostic Scoring System-Revised (IPSS-R)

Variables	 Score
	 0	 0.5	 1	 1.5	 2	 3	 3

Karyotype*	 Very		  Favourable	 -	 Intermediate	 Unfavourable	 Very
	 favourable						      unfavourable

% Blasts	 0-2	 -	 3-4	 -	 5-10	 >10	 -

hemoglobin	 ≥10		  8-9	 <8	 -	 -	 -

Platelets	 ≥100	 50-99	 <50	 -	 -	 -	 -

ANC	 ≥0.8	 <0.8	 -	 -	 -	 -	 -

Risk Groups
SCORE ≤1.5 = Very low (median of survival 9.3 years - risk of leukemic evolution rare)
SCORE 2-3 = Low (median of survival 6.3 years - risk of leukemic evolution 25% at 10.8 years)
SCORE 4-4.5 = Intermediate (median of survival 3.4 years - risk of leukemic evolution 25% at 3.2 years)
SCORE 5-6 = High (median of survival 1.2 years - risk of leukemic evolution 25% at 1.4 years)
SCORE >6 = Very High (median of survival 0.6 years - risk of leukemic evolution 25% at 0.7 years)			 

*Very favourable: Y, del(11q)
*Favourable: normal, del(5q), del(12q), double change that includes del(5q)
*Intermediate: del(7q), +8, +17, i(17q), other abnormalities;
*Unfavourable: complex karyotype (3 abnormalities), double change that includes -7/del(7q); inv(3)/t(3q)/del(3q),
* Very unfavourable: complex karyotype (>3 abnormalities)
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patients and greatly improve their risk stratification in 
relation to the criteria linked to the disease. This par-
ticularly applies to the low-risk patient group. In par-
ticular, two comorbidity scores potentially useful at a 
clinical level are the Myelodysplastic Syndrome-specific 
Comorbidity Index (MDS-CI) (36), developed for the 
general population of MDS patients receiving, above 
all, supportive care, and the Hematopoietic Cell Trans-
plantation-specific Comorbidity index (37), developed for 
patients considered who are candidates for allogeneic 

hematopoietic stem cell transplantation. The two scores 
have a common basis for defining the degree of severity 
of the individual diseases and define a separate risk cat-
egory on the basis of the comorbidity burden (Table 6).

Therapy of MDS

The therapeutic strategy depends on the evalu-
ation of prognostic factors connected both with the 
type of disease and with patient-related variables.

Table 6. Myelodysplastic Syndrome-specific Comorbidity Index (MDS-CI) e Hematopoietic Cell Transplantation-specific Comor-
bidity Index (HCT-CI)

Comorbidity	 Score definition	 HCT- CI	 MDS-CI

Heart	 Atrial fibrillation arrhythmia, sick sinus syndrome, ventricular arrhythmia	 1	 -

	 Any of the following heart diseases: coronary heart disease, myocardial infarct, 	 1	 2
	 congestive heart failure, FEV <50%	

	 Valvular diseases with the exception of mitral valve prolapse	 3	 -

Cerebrovascular	 Disease Cerebrovascular TIA or stroke	 1	 -

Lung	 Moderate pulmonary disease. Dyspnea on exertion or DLCO and/or FEV1	 2	 -
	 66%-80%

	 Severe pulmonary disease. Dyspnea at rest or requiring oxygen therapy or DLCO 	 3	 1
	 and/or FEV1 <65%	

Liver	 Slight liver disease. Chronic liver disease with persistently altered bilirubin over 	 1	 -
	 1.5 times normal values or AST or ALT up to 2.5 times normal values.	
	 Moderate-to-severe liver disease. Chronic liver disease with persistently altered 	 3	 1
	 bilirubin over 1.5 times normal values or AST or ALT over 2.5 times normal values.	

Kidney	 Moderate-to-severe kidney disease. Creatinine >2mg/dl, dialysis, transplant.	 2	 1

Tumours	 Solid neoplasm in the past. Any previous treatment, excluding skin cancer.	 3	 1

Rheumatic diseases	 Rheumatological diseases, SLE, rheumatoid arthritis, mixed connective tissue 	 2	 -
	 disease, rheumatic polymyalgia.	

Gastroenteric	 Peptic ulcer Treatment request	 2	 -

Diabetes	 Diabetes treated with insulin or oral anti-diabetics (not just diet)	 1	 -

Obesity	 Obesity BMI >35kg/m3	 1	 -

Psychiatric	 Psychiatric disorders. Depression, anxiety requiring treatment.	 1	 -

Infections	 Infections requiring antibiotics after day 0. To be filled in only for patients subjected 	 1	 -
	 to a transplant.	

SCORE	 Risk Groups

0	 LOW

1-2	 INTERMEDIATE

≥3	 HIGH
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The modulation and personalization of the treat-
ment is based on the following essential elements: 
WHO diagnosis, evaluation of the karyotype and con-
sequent calculation of the IPSS risk score, age, PS and 
comorbidities. With this information, the ideal type of 
therapy can be defined and provided while taking into 
consideration the therapeutic aggressiveness that can 
be tolerated by the patient in question. 

For high-risk patients (IPSS intermediate-2 and 
high), characterized by a high tendency of leukemic 
progression, an attempt is made, where possible, to 
change the course of the disease using hypomethyl-
ating agents, reserving the allogeneic stem cell trans-
plantation option for the few patients able to tolerate 
the procedure. In low-risk patients (IPSS low and in-
termediate-1), where leukemic progression is less fre-
quent and death may often be connected with heart 
problems aggravated by anemia, the priority is to cor-
rect the cytopenias and improve the patient’s quality 
of life. 

The therapeutic orientation recommended by 
most guidelines may be roughly summarized as fol-
lows:

• IPSS score low or int-1. No treatment is envis-
aged until the level of anemia drops below Hb levels 
of 10 gr/dl. When the anemia is symptomatic or the 
Hb level is below 10 gr/dl, Erythropoiesis-stimulating 
agents (ESA) may be used. When cases with an ab-
normality of 5q- isolated or in association with other 
karyotype alterations - become transfusion-depend-
ent, they can successfully benefit from therapy with 
lenalidomide. Allogeneic transplantation, for cases in-
volving relatively young people without comorbidities, 
should generally be taken into consideration, not in 
the early phases but when the anemia starts to progress 
and the need for transfusional support arises.

• IPSS score int-2 or high. The possibility of al-
logeneic transplantation should be considered in the 
early stages in cases that would benefit from it due to 
their age and lack of comorbidities, when a donor is 
available. Most patients in this risk bracket are po-
tential candidates for hypomethylating therapy with 
azacitidine for at least 4-6 cycles, to be continued if a 
positive response is obtained.

Hypomethylating therapy in myelodysplastic
syndromes and acute myeloid leukemia

The high-risk MDSs which, according to the Na-
tional Comprehensive Cancer Network (NCCN) guide-
lines include patients with IPSS scores intermediate-2 
and high, or IPSS-R scores high-very high and inter-
mediate in cases resistant to a previous line of treatment 
(for the most part erythropoietin), present median sur-
vival rates not much different from those of AML. 

For these diseases, the only curative therapeutic 
option is allogeneic transplantation, which can, how-
ever, only be practised in less than 10% of patients, 
for reasons connected with age and comorbidities. For 
many years hypomethylating therapy, including azac-
itidine and decitabine, has been available for these pa-
tients. 

In particular, azacitidine (Vidaza, AZA, Celgene) 
at the standard dose of 75 mg/m2/7 days per month is 
recommended in Italy for MDSs with intermediate-2 
and high IPSS scores and for chronic myelomonocytic 
leukemia (CMML) with 10-29% bone marrow blasts 
without myeloproliferative disorder. Having been ap-
proved in the context of IPSS, which was based on the 
FAB classification, AZA was originally indicated also 
for acute myeloid leukemia with 20-29% bone marrow 
blasts and multilineage dysplasia. This year it has been 
approved in Italy also for patients with AML who are 
not eligible for hematopoietic cell transplant with over 
30% blasts, with multilineage dysplasia. In patients 
under 65 years of age, AZA is reimbursable in cases 
with unfavourable cytogenetic risk, while for patients 
over 65 years of age it is approved irrespective of the 
cytogenetic risk.

Decitabine (DAC, Dacogen, Janssen) is, on the 
other hand, indicated in adult patients newly diag-
nosed with “de novo” or secondary AML, on the basis 
if the WHO classification, who are not candidates for 
standard induction chemotherapy. 

This discussion will also include the most exten-
sive studies on the approved use of AZA and DAC. 

Hypomethylating therapy with azacitidine and 
decitabine

The efficacy of hypomethylating drugs for MDS 
and AML is probably linked to the high levels of 
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methylation which perform an important pathogenet-
ic role in these diseases, blocked by the hypomethylat-
ing effect of the therapy. To this is added the cytotoxic 
action, more evident in the case of decitabine, due both 
to a direct mechanism and to the induction of proa-
poptotic gene expression (38). The hypomethylating 
mechanism justifies the need to carry out at least 4-6 
cycles before a response to the treatment is observed 
along with fewer adverse effects compared with the 
standard induction chemotherapy. In particular, the 
frequency of hematological adverse effects (neutrope-
nia, anemia and thrombocytopenia) and other adverse 
effects (especially nausea, vomiting and diarrhea) is 
higher during the first cycle of treatment and tends to 
gradually subside. This reinforces the concept that if 
the treatment is interrupted too early, the patient is 
exposed to the adverse effects without being able to 
experience the hematological benefits which appear, 
on average, after approx. 4-6 months. The reversibility 
of the hypomethylating effect also explains the need 
to continue the treatment until time to progression 
in responsive patients. In fact, the interruption of the 
treatment inevitably leads to the progression of the 
disease and frequently the death of the patients after 
a median period of approx. 5 months (39, 40). This is 
connected with the fact that the disease is not eradi-
cated, as shown by the persistence of the carrier clones 
of specific somatic mutations, especially at stem cell 
level, irrespective of whether a clinical response has 
been obtained (41). 

Hypomethylating therapy of MDS

In MDS, after the phase III trial that demon-
strated the possibility of inducing a hematological 
response and an overall survival advantage in patients 
treated with azacitidine compared to standard therapy 
regimens (n=358 pts., median survival rate: 24 vs15 
months) (42), the efficacy of this treatment was con-
firmed in numerous real life clinical experiences (Table 
7). In particular, a study carried out by the cooperative 
group GROM-L demonstrated that AZA induced 
overall responses in 56% of the patients (including CR 
in 18.5%, partial remission (PR) in 17% and hema-
tological improvement (HI) in 21%) and an overall 
median survival time of 17.1 months (43). Among the 

prognostic factors, the low comorbidity index and the 
response to the treatment (not only including CR/PR/
HI, but also stability of the disease, observed in 28.5% 
of the patients) proved to be factors independently as-
sociated with prolongation of survival. In the AZA-
001 trial, moreover, it was confirmed that continuation 
with the treatment after the achievement of hemato-
logical improvement is associated in 48% of cases with 
an improvement in the quality of the response after 
a median period of 3 cycles (range: 1-11) (44). This 
finding has also been confirmed by numerous real life 
studies, which show how prolonged treatment lasting 
more than 6 cycles can induce responses in a further 
20-25% of cases (43). 

Hypomethylating therapy of AML

AML is a disease typically found in the elderly, 
with a constantly increasing incidence after the age 
of 60. In these patients, the prognosis is particularly 
unfavourable, due to factors connected both with the 
patient and with the biological characteristics of the 
disease. The efficacy of AZA in AML was already 
evident in the phase III study of 2009, in which the 
FAB classification was applied and 113 patients with 
20-29% of blasts were included (45). In these patients 
the probability of complete remission was 18% and 
was similar to that of the patients receiving standard 
therapy (16%). Survival proved to be significantly 
longer in the AZA arm of the trial (24.5 vs 16 months, 
p=0.005), with results similar to those observed in 
high-risk MDSs. One of the criticisms of this trial was 
that the survival of the control group was also long, 
compared to “typical” cases, which generally only last a 
few months. This was probably linked to the selection 
of the patients in the context of a multicentre clinical 
protocol, but the advantage of survival with AZA was, 
in any case, evident and was associated with a shorter 
stay as a hospital in-patient (45). 

In the trial that followed, AZA-AML-001, 241 
elderly patients with AML were randomized to receive 
either AZA or a conventional care regime (CCR), 
among which low dose cytarabine (n= 158), inten-
sive chemotherapy (n=44), or supportive care (n=45) 
(46). Since approx. 13% of the patients in the CCR 
arm were receiving azacitidine as a salvage therapy, the 
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prolongment of survival in the AZA arm only became 
evident in a post-hoc analysis in which the patients 
were registered at the moment in which they changed 
therapy (OS: 12.1 months with AZA vs 6.9 months 
with CCR, p=0,019). Other real life studies have con-
firmed these data. Among these, the Austrian registry 
has reported the results of treatment with AZA in 302 
patients affected by AML, 79 of whom with 20-30% 
blasts and 172 of whom with more than 30% blasts 
(47). Responses were observed after an average of 3 
months, in percentages similar to those reported for 
MDS (48% of the total) and with at least 31% of im-
provement in the quality of the response at subsequent 
moments. Unfortunately, the median duration of the 

response was limited (3.4 months) and survival was 9.6 
months from the start of treatment. 

Treatment with decitabine proved positive in 
AML after various attempts with variable doses. In 
fact, the first trial, which included cases of high-risk 
MDSs, chronic myelomonocytic leukemia and AML, 
envisaged a dosage of 15 mg/m2 i.v./every 8 hours/
day in three administrations, not very practical in an 
outpatients’ setting, with a maximum of 10 cycles 
for patients in CR (48). Later studies, on the other 
hand, introduced the regimen of 20 mg/m2/day i.v. 
for 5 or 10 days per month. An international, mul-
ticentre randomized open phase III trial compared 
the efficacy and safety of decitabine (20 mg/m2/day 

References	 Therapy	 Patients	 Responses	 Responses	 Median	 Median
		  (n)	 (%)	 time	 OS	 PFS
				    median	 (months)	 (months)
				    (range)

MDS						    

Fenaux, 2009 (42)		  179 pts	 17% CR/	 2 cycles	   24,5	   17,8
			   12% PR/	 (1-16)
			   10% HI	

Voso, 2013 (40)	 Azacitidine	 196 pts	 19% CR/	 4,5 cycles	   17,1	   -
	 75 mg/m2/7days		  17% PR/	 (7-15)
			   21% HI	

Sebert, 2017 (53)		  702 pts	 44% ORR/	 -	   14,9	   -
		  MDS/AML	 15% CR
					   

AML						    

Dombret, 2015 (46)	 Azacitidine	 236 pz	 28% CR/CRi	 -	 10,4	   9,3
	 75 mg/m2/7days				    12,1*	

Pleyer, 2017 (58)		  193 pz	 19% CR/CRi/PR	 -	 10,7	   13,8

Kantarjian, 2012 (49)	 Decitabine	 242 pz	 18% CR/CRp	 4,3 months	 7,7	   8,5
	 20 mg/m2/5days

Blum, 2010 (50)	 Decitabine	 53 pz	 64% CR/CRi	 3 cycles 	 14	   12
	 20 mg/m2/10days			   (1-6)	

* Post-hoc analysis: time to the next treatment
CR = complete remission; CRi = CR with complete haematological recovery; PR = partial remission; HI = haematological improve-
ment; OS = overall survival; PFS: progression-free survival

Table 7. Hypomethylating therapy of MDS and AML real life studies
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for 5 consecutive days every 4 weeks) vs cytarabine or 
the best supportive care, in a cohort of 485 patients 
with an average age of 73 years (64-91 years), newly 
diagnosed with de novo or secondary AML, and low 
or intermediate risk cytogenetics (49). The percentage 
of CR or CR with incomplete blood count recovery 
(CRi) was 17.8% with decitabine vs 7.8% in the con-
trol arm (p=0.001) and OS was significantly longer in 
the decitabine arm, considering the cut-off extended to 
2010. The benefit of decitabine was more evident in 
patients ≥70 years, with de novo AML, more than 30% 
bone marrow blasts, low to intermediate risk cytoge-
netics and ECOG PS ≥2. 

In order to try to increase the efficacy of the treat-
ment, in a phase II clinical study it was decided to ex-
plore the following treatment plan: DAC 20 mg/m2/
day for 10 days in patients over the age of 60, with pre-
viously untreated AML (50). The overall response rate 
(ORR) was 64%, including 47% of CR and 17% of 
CRi, without differences on the basis of karyotype and 
toxicity similar to the 5-day plan. Similar data were re-
ported by Ritchie et al. (51) out of 52 patients treated 
with decitabine for 10 days, for at least one induction 
cycle. After achieving CR, most of the patients con-
tinued with the plan for 5 days, until the appearance of 
toxicity or progression of the disease. The CR rate was 
46% and the median OS of 11 months, while an aver-
age of 2 cycles were needed to obtain a response (1-4 
cycles). So in this study, the 10-day treatment plan 
was well-tolerated, with toxicity similar to the 5-day 
schedule.

The possibility of prolonging survival evident also 
in patients with AML able to maintain the stability 
of the disease with hypomethylating therapy, made it 
possible to include stability of the disease among the 
response criteria provided for by the recently published 
ELN guidelines, at least in the context of clinical trials 
(52).

In general, the median survival time of patients re-
sponsive to hypomethylating therapy is approx.13-15 
months, with relapses in the vast majority of patients. 
In order to obtain more prolonged responses of better 
“quality”, various attempts were made at therapeutic 
combinations with inhibitors of histone deacetylase, 
lenalidomide and immunecheck-point inhibitors. At 
the moment although the combinations have signifi-

cantly increased the adverse effects, particularly cyco-
penias and infection complications, they do not seem 
to have improved the responses. Probably new treat-
ment schedules will have to be developed with a view 
to reducing the occurrence of adverse events.  

Prognostic factors 

In general, the factors that affect the outcome of 
the treatment with hypomethylating agents are largely 
unknown (53). Since this remains a “challenging” treat-
ment which requires several months before demon-
strating its potential benefits, there is great interest in 
the study of predictive response factors. Among these, 
the doubling of the platelet count at the beginning of 
the second cycle of therapy has been reported as a fa-
vourable prognostic factor for azacitidine and decit-
abine. This is a phenomenon observed in approx. 20% 
of patients, but its biological bases are unknown(54). 

The Groupe Francophone des Myelodysplasies 
(GFM) has developed a clinical score that includes 
ECOG PS ≥ 2, existence of circulating blasts, trans-
fusion dependence (≥ 4 units of Red Blood Cells/8 
weeks) and unfavourable intermediate karyotype (55). 
This score identifies three groups characterized by a 
median survival time of 6 and 15 months in the groups 
with high and intermediate risk and not reached in the 
favourable group. 

Over recent years numerous somatic mutations 
which play a prognostic role have been identified in 
MDS and AML. In particular, the number of genes 
mutated (over 2) is, in itself, an unfavourable prog-
nostic factor both in MDS and in AML (56,57). In 
the context of hypomethylating therapy, mutations 
of TET2 play a favourable role in the majority of the 
trials, while mutations of TP53 play an unfavourable 
role also in the context of an allogeneic transplant after 
abridge with azacitidine. Decitabine used for 10 days 
seems, on the other hand, to delete the TP53-mutated 
clone and its unfavourable effect (58), although these 
data require confirmation on a larger scale.
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Neutropenia, neuropathy and other risk factors 
in the elderly patient with myelodysplastic syndrome
and acute myeloid leukemia

Infections are one of the main causes of morbid-
ity and mortality in elderly patients affected by MDS 
and AML (60-62). The risk factors for infection in 
these patients do not substantially differ between the 
young and the old, but in the latter type of patient PS, 
which is often poor, and comorbidities that increase 
exponentially as age increases play an important role 
also in predisposing the patient towards infection (14). 
The risk of infection in elderly patients with AML and 
with MDS is highly variable and depends on the inter-
action between the state of immunosuppression due to 
the underlying disease or to the treatments carried out, 
and possible organ dysfunction, more frequent in the 
elderly patient, and exposure to opportunistic patho-
gens (63,64). 

Although neutropenia is the main predisposing 
factor in these diseases, various other immune disor-
ders have been reported in MDS and AML, evolved 

from a previous phase of myelodysplasia. Among these 
impairment of the neutrophil function, defects in B,T 
and NK cells and the possible consequences of iron 
overload could underlie the increased risk of infection 
in this type of patient (Figure 1). 

Generally speaking, we can distinguish infectious 
risk factors connected with the underlying disease, fac-
tors connected with the patient and factors connected 
with the therapy administered to treat the underlying 
disease.

Neutropenia

Severe and prolonged neutropenia with polymor-
phonucleates (PMN) <500/mm3 is undoubtedly the 
main risk factor for the development of infections in 
the elderly patient with AML and MDS at diagnosis. 
Neutropenia occurs in approx. 50% of patients with 
newly diagnosed MDS, including 70-80% of patients 
with high-risk MDS and 15-20% of patients with 
low-risk MDS (65). In the GROM retrospective reg-
istry the incidence of severe neutropenia at diagnosis 

Figure 1. Infectious risk factors in the elderly patient with MDS and AML
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in patients with an IPSS score of intermediate 2 /high 
was 60% (66).

In advanced MDS and AML, neutropenia is part 
of a more general process of bone marrow failure which 
combines altered differentiation, resistance to apopto-
sis and leukemic proliferation. In low-risk MDS on the 
other hand, it is mainly due to an increase in apoptosis 
(67,68) or in some cases to the intervention of immune 
mechanisms through T cell-mediated inhibition of he-
matopoiesis or autologous granulocytes. This latter T 
cell-mediated mechanism is probably associated with 
the increase observed in the plasma levels of TNF-α and 
IFN-γ and is potentially reversible through the admin-
istration of an immunosuppressive treatment (69,70). 

That neutropenia is the main but not the only cause 
of infection in MDS is confirmed by the fact that the 
absolute neutrophil granulocyte count was not found to 
be related to survival rates following episodes of infec-
tion, at least in a historical series of patients with MDS 
in various risk categories (61). It is also important to 
point out how the risk and severity of infectious epi-
sodes in elderly patients can be increased by other fac-
tors such as their frequent comorbidities and the use of 
drugs such as hypomethylating agents, which are effec-
tive in the treatment of MDS and AML but which can 
transiently worsen the neutropenia, especially during 
the initial treatment cycles (42,71-78). Neutropenia 
in itself does not, however, preclude either the start-
ing and/or continuing hypomethylating therapy, also in 
consideration of the fact that in responsive patients the 
neutropenia becomes less severe, or has even cleared up 
by the third or fourth cycle of treatment. 

The effects of hypomethylating agents on the risk 
of infection is scarcely and heterogeneously document-
ed, with a percentage in the various trials of infectious 
events or febrile neutropenia varying from 1% to over 
50% in some studies (42,71-78).

Neutropathy and other immunological disorders

In MDS a differentiation defect of the multipo-
tent stem cell can lead - as regards the myeloid lineage 
- not only granulocytopenia, but also in an abnormal 
function of the polymorphonuclear neutrophils, whose 
task it is to defend the body against pathogenic mi-
croorganisms through the mechanism of phagocytosis.

Normally, the response of the neutrophils, crucial 
for the eradication of the invading bacteria, can be bro-
ken down into the following steps: adhesion and move-
ment in the endothelium of the vessel wall, migration 
towards the site of inflammation, diapedesis through the 
endothelial layer, degranulation and lastly phagocytosis 
of the bacteria through the so-called respiratory “burst” 
with the production of reactive oxygen species (ROS) 
bactericides and the action of lysosomal enzymes.

The neutrophil granulocytes are attracted to the 
sites of infection by mediators of inflammation pro-
duced in these sites, among which, of particular impor-
tance, is interleukin-8 or CXC chemochine ligand 8 (IL-
8 or CXCL8) produced by monocytes and endothelial 
cells, which activates the CXC chemokine receptors 1 
and 2 (CXCR1 and CXCR2) and the growth-related 
oncogene (GROα)/CXCL1 (79,80). On meeting the 
bacteria, the neutrophils enclose the microorganisms 
inside the phagosome, which fuses with the intracellu-
lar granules, forming the phagolysosome. In the latter, 
the bacteria are killed by exposure to enzymes, antimi-
crobial peptides and ROS species (81). 

Various neutrophil defects have been recorded in 
patients with MDS or with AML with dysplasia, of-
ten associated with morphological abnormalities (82). 
Many of these are involved in the process of attracting 
the polymorphonuclear neutrophils, towards the site 
of inflammation and killing of the pathogenic bacteria:

• �Deficit in the contents of the primary granules, 
the main enzyme of which is myeloperoxidase 
(MPO) which normally plays a role in the kill-
ing of the bacteria (82-85). 

• �Deficit in lactoferrin and protease antibiotics, 
such as elastase and cathepsin G, and deficien-
cies in the glycoproteins ​​of the granular mem-
brane (83,86-88). 

• �Alteration in the production of ROS, essential 
for the bactericide function of the neutrophils 
during the respiratory burst (89-91).

• �Reduction of the cellular membrane expression 
of the complex CD11c/CD18, which regulates 
adhesion, migration and diapedesis (92-94).  

• �Deficit in the chemotaxis of the neutrophils (93-
95).  

• �Reduction of the migration towards gradient 
formed by IL-8/GROα, essential for the re-
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cruitment and migration of the neutrophils to-
wards the site of infection, compared to healthy 
donors (96).

Reduced bactericidal and fungicidal activity of 
dysplastic neutrophils was demonstrated in a study 
that evaluated in vitrocytocidal effector functional 
capacity against Gram-positive and Gram-negative 
bacteria and against yeasts, polymorphonuclear neu-
trophils isolated from patients affected by myeloidys-
plastic syndrome and compared with those separated 
from healthy volunteers (97). 

In addition to neutropenia and neutropathy, im-
munological changes have been frequently reported, 
particularly in MDS. The impact of B-cell impair-
ment in MDS on infectious risk has not been well 
defined. In a retrospective trial on 284 patients with 
MDS, the absolute numbers of peripheral B lympho-
cytes were found to be reduced in patients with MDS 
compared to controls (98). Hypergammaglobulinemia 
and hypogammaglobulinemia were found in 39% and 
8% of the patients with MDS, respectively (99,100). 
The majority of patients with MDS also present with 
lymphocytopenia, mainly due to a decrease in T-helper 
lymphocyte counts. (98,99). It is not known, however, 
whether such imbalances affect the risk of infections 
in MDS. Anomalies of regulatory T (Treg) cells have 
also been described in patients with MDS, in particu-
lar a reduced number of Treg cells in high-risk MDS, 
and impaired Treg function, notwithstanding a normal 
absolute count in low-risk MDS (101).

With regard to NK cells in patients with MDS, a 
reduced expression of NK receptors such as NKG2D 
has been observed with lower levels of IL-32 in the 
NK cells themselves; both of these aspects could con-
tribute to the impairment of the cytolytic function of 
the NK cells observed in these patients (102-104). 

Colonization and environmental exposure

Admission to hospital and exposure to potential 
sources of fungi are two very important aspects for the 
risk of bacterial infections (hospital-acquired often 
due to multi-resistant germs) and fungal infections, re-
spectively. The risk of colonization with multi-resistant 
germs is, however, greater in patients with AML who 
are admitted to hospital for intensive chemotherapy 

(105,106). For elderly patients with AML or MDS 
who receive hypomethylating therapy as outpatients, 
this risk seems to be lower. 

The potential relation between exposure to fungal 
sources prior to hospitalization and the development 
of invasive fungal infections (IFI) in adult patients 
newly diagnosed with AML after their first cycle of 
chemotherapy was evaluated in a prospective multi-
centre study involving 33 Italian hematology centres 
(107). In this study, in a multivariate analysis the fol-
lowing pre-treatment variables were identified as high 
risk factors for invasive fungal infections: performance 
status of 2 or more; chronic obstructive pulmonary dis-
ease; recent renovation of home or work environments 
with high exposure, such as construction works, agri-
culture and gardening. 

In general, on the basis of literature, the risk fac-
tors for IFIs in AML can be classified in four main 
categories: leukemia-related factors (advanced phase of 
the disease, resistance to treatment/ failure to achieve 
complete remission), factors related to the patient (PS,  
comorbidities, advanced age, organ dysfunction, unfa-
vourable karyotype), factors related to the treatment 
(severe and prolonged neutropenia, severe mucositis 
associated with chemotherapy) and factors related 
to the exposure of the patient to potential sources of 
fungi (rooms without HEPA filters, previous invasive 
fungal infection).

Risk of bacterial infection - prophylaxis and 
treatment

The possibility that the treatment with hypo-
methylating agents could worsen the risk of bacterial 
infections in patients affected by acute myeloid leuke-
mia or myelodisplasia was considered for the purposes 
of phase III studies. 

Rate of bacterial infections in phase III trials

In the AZA 001 trial, which evaluated the efficacy 
of azacitidine in MDS patients with an intermediate 
or high IPSS score, the percentage of infections per 
patient/year of exposure did not differ to a statistically 
significant degree between the azacitidine group and 
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the best supportive care group. Similarly, the percentag-
es of pneumonia and sepsis were not different between 
the two groups (42,108). Similar results were found 
in the CALGB study (71). Even only considering pa-
tients affected by AML with a percentage of blasts be-
tween 20 and 30% extrapolated from the study AZA 
001, the risk of experiencing a febrile event requir-
ing the intravenous administration of antibiotics was 
not statistically significant, if the patients pre-selected 
for intensive chemotherapy were excluded from the 
analysis. The only statistically significant difference 
in the use of intravenous antibiotics was between the 
azacitidine group vs cytarabine at low doses (0.2 vs 0.8 
events per patient/year). With regard to the patients 
affected by AML with blasts over 30% treated with 
azacitidine, there are no data from the AZA AML 
001 study (46) on the use of intravenous antibiotics 
or on sepsis, but an incidence of febrile neutropenia 
grade 3 or 4  can be observed, similar in the study 
group and in the control groups (28%, 27,5%, 30,1% 
and 31% in the azacitidine, best supportive care, low-
dose cytarabine and intensive chemotherapy groups, 
respectively).

With regard to decitabine, the phase III study 
on its use in AML (49) reports an incidence that is 
superimposable in the study group and the low-dose 
cytarabine group (21% vs 15%).

Therefore, on the basis of the results of the phase 
III studies, the risk of infection with hypomethylating 
therapy does not seem different from that existing with 
standard therapy.

Infection complications and risk factors: retrospective studies

The publications considered so far do not contain 
indications on antibacterial prophylaxis which, in the 
phase III trials, was left to the common clinical prac-
tice of the centre. There is, however, a series of retro-
spective studies that took into consideration antibacte-
rial prophylaxis and risk factors for infection (Table 8).

In the Merkel study (109) 184 patients affected 
by high-risk MDS or AML were enrolled and treated 
with azacitidine. In a multivariate analysis, unfavour-
able cytogenetics, platelets counts of less than 20,000/
mm3 or neutrophils below 500/mm3 at baseline were 
predictive of an increased risk of infection during 

the first two cycles of therapy, while no parameters 
emerged at baseline predictive of a risk of infection in 
later cycles. In the evaluation prior to each individual 
cycle of azacitidine, the presence of high-risk cytoge-
netics and platelet counts of less than 20,000/mm3 
identified with a sensitivity of 53% and a specificity 
of 66% the cycles at risk of an infectious event. The 
infectious events decreased markedly as the cycles con-
tinued (26% in the first cycle, 7% after the fifth cycle).

In Falantes’ retrospective study (110) 64 patients 
affected by MDS or AML were enrolled and treated 
with azacitidine. 48% of the patients manifested an in-
fectious event in the course of three years. The most 
frequent type of infection was pneumonia, following 
by urinary tract infections. Also in this case the neu-
trophil count (greater or less than 500/mm3) had no 
effect on the probability of infectious complications. 
86% of the episodes took place during the first three 
cycles.

In Schuck’s retrospective study (111) 77 patients 
affected by MDS were enrolled and treated with azac-
itidine. 55 patients manifested at least one infectious 
event grade 3-4 during the treatment. 88% of infec-
tious complications were attributed to bacterial infec-
tions. The percentage of infections was higher in the 
first 3 cycles, with a statistically significant difference. 
The response to azacitidine, both in terms of hema-
tological improvement and in terms of remission, was 
associated with a lower percentage of infectious events.

In Lorenzana’s retrospective study (112) 76 pa-
tients affected by MDS or AML were analysed during 
the first 4 cycles of azacitidine. 43% of the patients 
experienced infectious events: 34% of these were fevers 
of unknown origin (FUO), while the majority were di-
agnosed as pneumonia or urinary tract infections. In a 
univariate analysis, the IPSS, number of neutrophils 
and duration of the neutropenia during the cycle were 
found to be factors related to the number of infectious 
events. Prophylaxis with quinoline was administered 
in 41% of the cycles and the cycles during which it 
was used showed lower neutrophil counts, characteris-
tic of the more severe form of the disease. Overall, the 
prophylaxis did not reduce the incidence of infectious 
events, but considering only the cycles with neutro-
phils less than 500/mm3, the incidence of infections 
was significantly lower (16 vs 51%, p<0.001).
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Bainschab’s retrospective study (113) analysed 40 
patients affected by AML treated with low-intensity 
regimens: azacitidine in 69% of the cycles, decitabina 
in 25% of the cycles and low-dose cytarabine in 6% 
of the cycles. 73% of the patients manifested at least 
one infectious complication during the administration 
of the chemotherapy. The most frequent manifestation 
was, again, pneumonia, followed by gastroenteritis and 
urinary tract infections. Antibiotic prophylaxis, mostly 
with quinoline, was administered in 37% of the cycles 
and appears to correspond with a statistically signifi-
cant reduction in infections.

Ali’s retrospective study (78) takes into consid-
eration 85 patients affected by AML or MDS, treated 

for 10 days with decitabine. In the patients affected 
by AML 77.5% of 3-4 grade infections were docu-
mented, while a higher, statistically significant, inci-
dence of infections was documented in patients with 
myelodysplasia (96.3%). These percentages are de-
cidedly higher compared with the data of the 5-day 
schedule (114). The microorganisms most frequently 
isolated were Gram-positive cocci, perhaps due to the 
use of central venous catheters. The patients who were 
being administered prophylaxis with quinoline at the 
time of the infectious episode tended to have fewer 
positive cultures compared to those who were not re-
ceiving prophylaxis, but this difference was not statisti-
cally significant. It is important to point out that the 

Table 8. Summary of the evidence currently available on bacterial infections in patients affected by AML or MDS under hypometh-
ylating therapy: retrospective studies.

References	 Therapy	 Patients (no.)	 Rate of bacterial	 Bacterial infection risk factors
		  and Diagnosis	 infection events	

Merkel, 2013 (108)	 Azacitidine	 184 pts	 16.5% of cycles; 	 Unfavourable cytogenetics,
		  High risk 	 59% of pathogens	 platelests<20.000/mm3,
		  MDS/AML	 identified were bacteria	 neutrophils <500/mm3 at baseline
				    (first 2 cycles of therapy).

Falantes, 2014 (109)	 Azacitidine	 64 pts	 48% of pts; 	 -
		  MDS/AML	 86% of the events in 
			   first 3 cycles	

Schuck, 2017 (110)	 Azacitidine	 77 pts	 71% of pts; 88% of	 No response to azacitidine
		  MDS	 bacterial infections; 
			   majority of events in
			   first 3 cycles	

Lorenzana, 2017 (111)	 Azacitidine	 76 pts	 43% of pts; 87% of	 IPSS at diagnosis, no. of neutrophils, 
		  MDS/AML	 episodes of bacterial 	 duration of neutropenia, no
			   origin	 prophylaxis with quinoline in cycles 
				    with neutrophils <500/mm3.

Voso, 2016 (43)	 Azacitidine	 MDS/AML	 146 events/1528 cycles; 	 -
		  with low blast	 1st event after approx.
		  count	 4 cycles	

Ali, 2017 (77)	 Decitabine 	 85 pts	 77.5% of pts with AML; 	 Prophylaxis with quinoline is not
	 10 days	 AML/MDS	 96.3% of pts with MDS; 	 related to multi-resistant bacterial
			   95% of episodes of 	 infections nor does it reduce
			   bacterial origin.	  mortality.

Candoni, 2017 (114)	 Decitabine 	 150 pts	 14% of cycles; 	 -
		  AML	 events more frequent 
			   in first 3 cycles	
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presence of prophylaxis with quinoline at the time of 
the infectious episode was not correlated to a higher 
incidence of infections microbiologically documented 
as multi-resistant bacterial infections, nor to a lower 
mortality rate. 

In an Italian retrospective study that enrolled 150 
patients in 17 Italian centres (115), the incidence of 
infectious events in patients affected by AML and 
treated with decitabine was found to be equal to 14% 
of the cycles. Infectious events were significantly more 
common during the first 3 cycles than in those that 
followed. Pneumonia accounted for 41% of the events, 
and sepsis for 21% (115).

In a retrospective study by Voso et al. (43), which 
enrolled patients affected by myelodysplasia or low-
blast-count AML treated with azacitidine, 146 infec-
tious events were reported during 1528 cycles of azac-
itidine. On average the first infectious episode took 
place after approx. 4 cycles of azacitidine. The num-
ber of neutrophils in relation to the infectious events 
did not appear statistically significant. The number of 
platelets on diagnosis appeared significantly higher in 
patients who developed an infectious complication. 
The most frequent were pneumonia, skin infections, 
genitourinary tract infections and upper airways infec-
tions.

Antibacterial prophylaxis in patients in treatment with 
hypomethylating agents

With regard to antibacterial prophylaxis in this 
patient setting, wishing to adhere strictly to current 
guidelines, the treatment indicated would be quino-
line, since the neutropenia expected is prolonged. It 
should, however, be considered that not all of these 
patients recover a neutrophil value of over 500/mm3 
and that the efficacy of the prolonged use of quino-
line in reducing sepsis and, above all, death, in these 
times of multi-resistant microorganisms is, at the very 
least, doubtful. There are no prospective studies on the 
use of antibacterial prophylaxis in this patient setting; 
some suggestions come from the retrospective stud-
ies considered, but the level of evidence is really very 
poor. Similarly, also the evidence on the risk factors 
associated with infectious events (such as, for example, 
unfavourable cytogenetics, platelet counts of less than 

20,000/mm3, neutrophils less than 500/mm3, failure 
to respond to the therapy, first 2-3-cycles of therapy) 
all derives from retrospective studies. For this reason, 
while awaiting prospective trials, our suggestion is that 
the use, if any, of prophylaxis with quinoline should 
only be considered during the first two cycles of thera-
py and only if indicated on the basis of the risk factors 
of the individual patient and local epidemiology (as 
regards multi-resistant microorganisms).

Antibiotic therapy in patients in treatment with 
hypomethylating agents

An extended discussion of the problems con-
nected with antibiotic treatment for febrile neutrope-
nia in elderly patients under hypomethylating therapy 
lies outside the scope of this publication, so only a 
few general principles are provided. In the case of fe-
brile neutropenia in patients under chemotherapy for 
AML, empirical antibiotic treatment must be initiated 
rapidly. When choosing the antibiotic it is necessary to 
consider the possibility of using wide-spectrum drugs 
with an anti-Pseudomonas action, and to evaluate 
the possible presence of previous infections or colo-
nizations by multi-resistant germs, local epidemiology 
(especially in terms of resistance), the patient’s organ 
functions, potential sites of infection, allergies and re-
cent exposure to antibiotics, including prophylaxis. The 
empirical antibiotic therapy can be modified on the 
basis of the results of the culture tests or if the patient 
becomes unstable. On the basis of the culture tests, it 
may be necessary to consider a possible de-escalation of 
the therapy (116,117).

Risk of fungal infection - prophylaxis and treatment

IFI in hematological patients are major complica-
tions to be feared, since their onset could trigger the 
terminal event of the hematological disease or, more 
often, complicate it at the beginning or during the 
various phases of treatment, significantly and nega-
tively affecting the whole treatment plan (118). IFI 
in hematological patients most often take the form of 
filamentous fungi with a clear prevalence of aspergil-
losis (approx. 80 % of all IFI), followed by zygomycosis 
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and fusariosis; less frequent (with an incidence of less 
than10%) are yeast-related IFI (with a prevalence of 
non-albicans Candida, often resistant to fluconazole) 
(119). 

The hematological patients at the highest risk for 
IFI today are still those with AML and those subject-
ed to allogeneic bone marrow transplantation; however 
the introduction of new targeted molecular or antigene 
therapies are bringing about changes in the epidemio-
logical scenario, with the emergence of new risk cat-
egories (such as patients with myeloma and chronic 
lymphoproliferative disorders treated chronically and/
or with repeated therapeutic lines, also including new 
agents) (119,120). 

Risk factors for fungal infections

The risk factors for IFI in AML and high-risk 
MDS (MDS-HR) have already been dealt with in an 
earlier chapter. It should nonetheless be underlined 
that if they are correctly identified at an early stage, 
as recently proposed by the group SEIFEM (Sor-
veglianza Epidemiologica InFezioni nelle Emopatie, 
Epidemiological Surveillance of Fungal Infections in 
Hematological Malignancies), the patient can be ap-
propriately placed in a high, intermediate or low IFI 
risk bracket, on the basis of their need for monitor-
ing, prophylaxis and antifungal treatment (120). In 
particular, in patients with AML, advanced age, active 
leukemia (onset/relapsed/ refractory), severe (less than 
100/mm3) and prolonged neutropenia, a previous IFI, 
mucositis or intensive polychemotherapy have high 
risk factors for IFI. In patients with MDS-HR, in ad-
dition to the risk factors for IFI already mentioned, 
iron overload consequent to an intensive transfusion 
regimen should also be included (60). In both cases, 
(AML and MDS-HR) the presence of comorbidities 
is also very important, especially diabetes, chronic ob-
structive pulmonary disease (COPD), the co-existence 
of other neoplasms or of autoimmune diseases treated 
with immunosuppressive therapy (60,121). 

In particular, the degree of fitness of the elderly 
patient with AML and MDS-HR is an independent 
prognostic factor that is correlated with survival in pa-
tients treated with hypomethylating agents and which 
can affect the onset of intervening complications, also 

of an infectious nature (122,123). Recent studies have 
observed that PS (assessed with the aid of the ECOG 
Karnosky scales) is a subjective and rather imprecise 
evaluation of the fitness of the elderly hematological 
patient. Scales that include cumulative comorbid-
ity indices are more objective. Such is the case of the 
CIRS scale (Cumulative Illness Rating Scale,) which 
makes it possible to calculate a comorbidity score by 
providing a cumulative numerical index which defines, 
objectively and precisely, the severity of the concomi-
tant illnesses (123). The CIRS method for evaluating 
elderly patients’ state of health has recently been made 
available also on the portal of the Italian Hematology 
Society (SIE) with the possibility to make the calcula-
tions online. Moreover, in 2013, GITMO-SIES and 
SIE jointly published the consensus-based definitions of 
“unfitness to intensive and non-intensive chemotherapy in 
AML” (124). The evaluation of the fitness of the elderly 
patient with AML is of fundamental importance for 
deciding objectively whether the patient is: 1) fit for 
intensive chemotherapy; 2) only fit for non-intensive 
chemotherapy (hypomethylating agents); 3) only fit 
for supportive care (124).

IFI incidence in patients treated with hypomethylating 
agents

With regard to the incidence of IFI in patients 
with AML and MDS, treated with hypomethylat-
ing agents (azacitidine and decitabine), no targeted 
prospective studies have been published yet. The data 
available on infectious complications derive partly 
from phase III studies on azacitidine and decitabine, 
in which the primary or secondary endpoint was not, in 
any case, the incidence of infections, or from retrospec-
tive studies with rather heterogeneous study popula-
tions, endpoints considered, treatments received, defi-
nition and detail of infectious events, and so they are 
not easily comparable (60,121,125). Overall, from the 
data available it can be seen that the infectious com-
plications are common in patients treated with hypo-
methylating agents for both MDS-HR and AML and 
affect, in the studies published, not less than 30-60% 
of the patients treated (60,125). Table 9 reports the 
observational studies published over the last 4 years 
which had as their primary and secondary endpoints 
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the evaluation of the infectious complications aris-
ing during therapy with hypomethylating agents, also 
listing the data relevant to IFI incidence. From these 
studies it emerges that IFIs were found in a percentage 
varying from 1.6% to 9% of the infections recorded, 
with a higher incidence - according to some of these 
studies - in patients who had not been subjected to 
prophylaxis with anti-mould agents (126).

IFIs, like bacterial infections, were noted preva-
lently within the first 3 cycles of treatment with hypo-
methylating agents and in patients not responsive to 

the therapy or in those treated with hypomethylating 
salvage therapy (where the risk of the active hemato-
logical disease combines with the cytopenia caused by 
the treatment) (Table 9). The most frequent site of in-
fection is the lung and the most frequent etiological 
agent is Aspergillus (Table 9).

Prophylaxis and treatment of fungal infections

There are no evidence-based guidelines available 
on antifungal prophylaxis and therapy in the setting 

Table 9. Retrospective observational studies published in the period 2014-2017 with primary and secondary endpoints, the incidence 
of infections in patients with AML or MDS-HR in treatment with hypomethylating agents (decitabine or azacitidine). 

Reference	 Therapy	 Patients (no.)	 Prophylaxis 	 Rate of fungal infections	 Risk factors for fungal
		  and Diagnosis	 active moulds	 	 infections 

Ali, 	 Decitabine	 85 pts AML	 No primary	 Incidence of Infections: 	 -
2017 (77)	 10 days	 (68%)/MDS	 active mould	 96.3% in MDS and 77.5% 
	 (282 cycles)		  prophylaxis	 in AML; infections 
				    microbiologically documented 
				    in 45%; fungal infections: 
				    6.6% of documented infections.	

Borlenghi, 	 Decitabine	 150 pts AML	 Not specified	 Incidence of Infections: 	 -
2017 (126)	 5 days			   73%; higher incidence in the first
	 (761 cycles)			   3 cycles; pneumonia: 37% of 
				    documented infections;
				    fungal pneumonia: 9% of 
				    documented infections.	

Schuck, 	 Azacitidine	 77 pts	 Not specified	 Incidence of Infections: 	 IFI incidence higher in
2017 (110)	 (614) cycles	 MDS		  71%; higher incidence in the first 	 non responders vs
				    3 cycles;  fungal infections: 	 responders (p=0.002); 
				    7% of documented infections.	

Trubiano, 	 Azacitidine	 68 pts	 In 29% of	 Fungal infections: 	 MDS very high IPSS-R; 
2017 (125)	 (884 cycles)	 AML/MDS	 cycles (256/884)	 4.5% of documented	 no active mould
			   posaconazole 	 nfections; higher incidence 	 prophylaxis.
			   or voriconazole	 iin first 2 cycles	

Pomares, 	 Azacitidine	 121 pts	 Not specified	 Fungal infections:	 Severe neutropenia.
2016 (127)	 (948 cycles)	 AML (29%)/		  1.6% of documented infections;
		  MDS		  (4.1% in pts with severe 
				    neutropenia).	

Falantes, 	 Azacitidine	 64 pts	 No primary	 Invasive aspergillosis: 	 Salvage therapy
2014 (109)	 (523 cycles)	 AML (33%)/	 active mould	 8.3% of pts receiving azacitidine	 compared with front
		  MDS 	 prophylaxis	 as salvage therapy; 2.3% with 	 line
				    azacitidine as front line; 
				    incidence higher in first 3 cycles.	
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of AML and MDS-HR patients treated with hypo-
methylating agents, so it is necessary to integrate the 
epidemiological knowledge we have gleaned from the 
retrospective/observational studies available with the 
guidelines proposed for patients with AML and high-
risk blood disorders, irrespective of the type of thera-
py received (polychemotherapy or hypomethylating 
agents). Starting out from this assumption, we can sug-
gest the following indications:

a)	�� Primary antifungal prophylaxis: this is justi-
fied in patients with MDS-HR and AML who 
are receiving hypomethylating therapy, in the 
first 2-3 cycles of the therapy, especially if the 
patients started out with severe neutropenia 
(neutrophil granulocyte count < 500/mm3), a 
high comorbidity index, concomitant diseases 
predisposing them to infection such as: diabe-
tes, COPD, concomitant second neoplasm, au-
toimmune disorder under chronic immunosup-
pressive treatment, chronic liver disease, recent 
admission to hospital. 

	� The prophylactic drugs should cover filamen-
tous fungi and so, also taking into account 
their prescription status the drugs to be con-
sidered for prophylactic purposes are itracona-
zole and posaconazole. The prophylaxis can 
be reasonably suspended after the 3rd cycle 
of hypomethylating therapy, particularly if 
the patient is responsive and/or the neutro-
phil granulocytes reach stable values over 500/
mm3. 

b)	� Secondary antifungal prophylaxis: this may 
be considered in specific cases of MDS-HR or 
AML in hypomethylating therapy, with docu-
mented evidence of a previous IFI. 

	� The drug to be considered in this case is vori-
conazole; with posaconazole as an alternative. 
The duration of the secondary prophylaxis 
should be evaluated on a case by case basis 
but should preferably be limited in time, tak-
ing into account the characteristics of the pa-
tient, the clinical situation, the response of the 
hematological disease (AML or MDS-HR) 
to the hypomethylating treatment in course, 
the characteristics of the past fungal infection 
and the possible adverse effects of prolonged 

prophylaxis. In particular, for voriconazole, it 
is important to point out that in the case of 
long-term exposure (in therapy or prophy-
laxis), i.e. over 180 days (6 months), the ben-
efit/risk relationship must be very carefully 
assessed and the need to limit the period of 
exposure to the drug must be considered due 
to the possible emergence of skin lesions (also 
neoplastic) linked to phototoxicity. 

d)	� Antifungal Therapy: the antifungal thera-
peutic approach must be guided as far as pos-
sible by the specific diagnostics, which must 
be carried out in all cases in which there is a 
clinical suspicion of an IFI. It is fundamental, 
in these cases, to take X-rays and perform a 
CT scan of the chest (or of other sites on the 
basis of the patient’s clinical presentation), a 
Galactomannan (GM) assay and a serum be-
ta-D-glucan assay and blood culture tests for 
fungi in patients with FUOs non responsive to 
wide-spectrum antibacterial therapy.  

The drugs indicated for the empirical antifungal 
therapy are, as per the guidelines for hematological pa-
tients, caspofungin or liposomal amphotericin. For pre-
emptive and targeted antifungal treatment (IFI possible, 
proven or probable) the indicated drugs are: liposomal 
amphotericin or amphotericin B lipid complex, vori-
conazole, isavuconazole (the choice will depend on the 
suspected/documented fungal agent, the site of the 
fungal infection, the comorbidities of the patient and 
on any possible pharmacological interactions). 

Risk of viral infection - prophylaxis and treatment

Myeloid neoplasms are historically considered as 
being diseases with a low risk of viral infection, being 
characterised, from the pathophysiological standpoint, 
by an altered number and functionality of the cells de-
riving from the myeloid precursors (e.g. neutrophils), 
but by substantial conservation of the functionality 
of the lymphoid compartment. Although some stud-
ies in the past have specifically investigated the inci-
dence of viral reaction in patients affected by AML 
(128,129), the viral complications in these patients are 
not responsible for major morbidity and mortality; in 
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consideration of this, specific antiviral prophylaxis has 
only been reserved for selected categories of patient, 
such as for example patients treated with chemothera-
py containing fludarabine. The aim of this chapter is to 
understand whether the introduction of the new hypo-
methylating drugs for the treatment of elderly patients 
affected by high-risk MDS and AML have changed 
this scenario and whether patients treated with this 
molecule could benefit from specific antiviral prophy-
laxis (Table 10). The viral infections considered here 
are:  Citomegalovirus (CMV) infections, the Herpes 
virus (including the Varicella-Zoster virus - VZV) and 
Hepatitis B (HBV) virus infections. Some therapeuti-
cal suggestions for the influenza virus will be discussed 
later in the chapter.    

Diagnostic picture

Prior to initiating treatment with hypomethylat-
ing agents in a patient with AML and MDS-HR, the 
underlying virological picture must be studied through 
first level examinations that include: HBsAg, HBsAb, 
HBeAg, HBeAb, HBcAb, HCVAb and HIVAb. An 
evaluation of CMV IgG and IgM is also useful.

CMV, Herpes virus and VZV 

CMV and other viruses from the Herpesviridae 
family are the viruses responsible for the childhood 
infections that then remain latent in the human body. 
Despite the vast number of studies that have sought 

Table 10. Viral infections in patients with AML/MDS-HR subjected to treatment with hypomethylating agents: review of the stud-
ies published in recent years

References	 Therapy	 Patients (no.) 	 Study type	 Rate of viral infections	 Type of viral infections
		  and Diagnosis	

Ali, 2017	 Decitabine	 85 pts	 Prospective	 Incidence of viral infections:	 Prevalence of influenza and
(77)		  AML/MDS		  3.7%.	 parainfluenza virus 
					     No cases of CMV.

Radsak, 	 Azacitidine	 918 pts	 Review	 Review of literature on almost	 -
2017 (124)		  MDS 		  1000 patients treated with 
				    azacitidine. Viral infections not 
				    precisely quantified by the authors
				    but reported as rare infectious 
				    complications.	

Ofran, 	 Azacitidine	 216 pts	 Retrospective	 Incidence of viral infections: 	 Prevalently infections of the
2015 (130)	 AML/MDS			   4.3%	 high respiratory airways and 
					     pneumonia.

Sullivan, 	 Azacitidine	 103 pts	 Control case	 Incidence of viral infections, 8%	 Almost all of the episodes
2013 (131)	 vs 103 pts	 MDS	 .		  (7/8) were due to influenza
					     viruses. One case of CMV 
					     reactivation.

Khan, 	 Azacitidine	 1 pt	 Case report	 -	 The authors report a case of
2011 (132)		  MDS			   hemorrhagic colitis due to 
					     CMV in an MDS patient 
					     treated with azacitidine.

Zhou, 	 Azacitidine	 1 pt	 Case report	 -	 Case of severe disseminated
2009 (133)		  MDS			   reactivation of VZV in an
					     MDS patient treated with 
					     azacitidine.



Risk of infection in elderly patients with AML and MDS treated with hypomethylating agents 29

to explain the latency mechanisms of these viruses, 
we are still a long way from understanding the exact 
physiological bases of their persistence. Many studies 
highlight that the site of persistence of these viruses 
could be the granulocyte-monocyte-macrophage sys-
tem (134) and that T cell-mediated immunity plays 
a key role in controlling viral replication in immu-
nocompetent patients (135). In particular, the main 
players in the immune regulation of viral infections 
are: the generation of cytotoxic CD8+ T lymphocytes 
and CD4+ virus-specific helper cells, the production 
of virus-specific antibodies by B lymphocytes, the 
production of cytochine/chemochine and the pro-
liferation of NK cells in response to the virus. These 
pathophysiological considerations suggest that the re-
activation of these viruses is an event typical of lym-
phoproliferative syndromes and patients subjected 
to hematopoietic stem cell transplantation, but less 
probable in myeloid disorders in which the function 
of the lymphoid compartment is substantially main-
tained. The introduction of the new hypomethylating 
drugs in the treatment of AML and high-risk MDS 
in elderly patients, has not yet significantly changed 
the epidemiological scenario in relation to the inci-
dence of viral reactivation. 

The studies conducted on patients treated with 
azacitidine are scarce and not specifically focused on 
the evaluation of viral infections. With the exception 
of some case reports concerning cases of reactivation of 
CMV or VZV (132, 133), a low incidence of viral in-
fection, of between 0 and 4.3%, was observed in all of 
the studies conducted (125, 130, 131). Specific studies 
relating to the incidence of viral infections have not 
been carried out, not even for patients affected with 
AML/MDS-HR treated with decitabine. In a recent 
study published in 2017 evaluating the incidence of 
the infectious complications, the authors reported a 
global incidence of infectious viruses of around 3% 
and only one of these episodes was sustained by a virus 
from the Herpesviridae family (78). All the other stud-
ies in which the incidence of infectious complications 
was evaluated in these patients did not contain data 
relating to herpes or CMV viruses.

The epidemiological data, which do not seem to 
demonstrate a significant correlation between therapy 
with hypomethylating agents and viral infections, are 

corroborated by preclinical studies concerning the im-
munological changes brought about by the administra-
tion of these drugs. In fact, recent data suggest a pos-
sible role of hypomethylating drugs in the treatment 
of Graft-Versus-Host-Disease (GVHD) based on their 
capacity, through gene expression control mechanisms, 
to induce the expansion of regulatory T lymphocytes, 
cells considered as key in virus replication suppression 
in human beings.  

Prophylaxis and treatment

On the basis of the data available today, and the 
low risk of CMV, Herpes virus and VZV reactivation 
in patients affected by AML/MDS treated with hy-
pomethylating agents, the administration of antiviral 
prophylaxis is not recommended for these patients, 
apart from certain specific cases.

With regard to the therapy, the general indica-
tions are:

• �HSV infections: aciclovir 400 mg 5 times a day 
orally (or 5 mg/Kg every 8 hours i.v.) or valaci-
clovir 1 g twice a day orally for 5 days. 

• �VZV infections: aciclovir 800 mg 5 times a day 
orally (or 10 mg/Kg every 8 hours i.v.) or valaci-
clovir 1 g 3 times a day orally for 7 days.

• �CMV infections: ganciclovir 5 mg/Kg every 12 
hours for 14 days, then 5 mg/Kg per day for 7 
days (and/or depending on the clearance of the 
viremia).

Influenza virus

The seasonal influenza virus can be a major cause 
of morbidity and even mortality in patients affected by 
AML and high risk MDS under therapy with hypo-
methylating agents in a study conducted in 2013, an 
incidence of influenza episodes equal to 7% was re-
ported in patients affected by MDS and treated with 
azacitidine (131). 
Prophylaxis and treatment

At the moment there are no useful drugs that can 
be administered as prophylaxis for this infection and 
the most effective strategy is still the influenza vaccine 
(see the Vaccines chapter). 
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In influenza-like cases in patients affected by 
AML and high-risk MDS under therapy with hy-
pomethylating agents (whether seasonally vaccinated 
against the virus or otherwise), it is useful to admin-
ister oseltamivir 75 mg twice a day, orally for 5 days. 

HBV

Myeloid neoplasms are diseases that risk reacti-
vating HBV both due to factors connected with the 
disease (e.g. immunodepression) and the treatment, 
and due to the patients’ considerable exposure to 
potentially contaminated blood products and blood 
derivatives (138,139). Many cytostatic drugs, immu-
notherapy and tyrosine kinase inhibitors have been de-
scribed as promoting factors of HBV reactivation and 
among these, the drugs used to treat high-risk AML/
MDS are no exception (139). Specific data on the as-
sociation between the reactivation of HBV and hypo-
methylating therapy are not available in literature and 
to our knowledge there are no descriptions of cases of 
acute hepatitis B in these patients. In the absence of 
specific data, we suggest following the currently pub-
lished recommendations for patients with hematologi-
cal malignancies (140). 

Prophylaxis and treatment

On the basis of these recommendations, we main-
tain that the administration of prophylaxis with lamivu-
dine should be suggested in the case of seropositivity for 
anti-core antibodies (HBcAb+), irrespective of the pres-
ence of HBV DNA, in patients with high-risk AML/
MDS under treatment with hypomethylating drugs. We 
also believe it advisable to suggest antiviral treatment for 
all patients seropositive for the s antigene (HBsAg+) 
irrespective of the presence of HBV DNA with third 
generation antiviral drugs (entecavir or tenofovir).

In the case of active viral replication of HBV, 
hepatological tests should be carried out in order to be 
able to select the best antiviral therapy.

HCV

In the case of active viral replication of HCV, 
hepatological tests should be carried out in order to be 

able to evaluate and possibly select a suitable antiviral 
therapy.

Vaccinations

The effects on the immune system of hypometh-
ylating drugs such as azacitidine and decitabine, used 
for the treatment of MDS and AML in the elderly, 
are far from clear. In addition to neutropenia, which is 
frequently encountered if rarely severe or in any case 
long-lasting, hypomethylating agents inhibit the acti-
vation and proliferation of T cells, decrease Th1 cells 
and increase the number of Treg cells (141).

This poor knowledge on the immunological ef-
fects mediated by azacitidine and decitabine, mean 
that the recommendations on vaccine protocols for 
patients under treatment with these drugs are largely 
based on the immunological deficit connected with the 
underlying disease and on the age of the patient.

Vaccinations in the hematological patient: 
general principles 

Vaccinations have the power to reduce the mor-
tality rate correlated with the infection, but the cover 
guaranteed by the vaccine and the duration of the an-
tibody response in an immunocompromised patient is 
lower than that observed in healthy people.

Patients with a hematological malignancy gener-
ally have a time-window that precedes the start of the 
immunosuppressive treatment, during which they can 
be administered the vaccines since they are still im-
munocompetent or at least still have a certain degree 
of immunocompetence. It is important to underline, 
however, that the chemo/immunotherapy treatment 
must not under any circumstances be deferred to allow 
space for a vaccine protocol.

As a general rule, a live attenuated vaccine should 
not be administered during chemotherapy. After the 
administration of a live vaccine, the period for viral 
replication and the development of an antibody re-
sponse generally takes less than 3 weeks; for this rea-
son vaccination with live attenuated vaccines ≥4 weeks 
prior to immunosuppressive treatment (2 weeks in the 
case of vaccination with attenuated vaccines) may be 
considered safe enough (142).
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Pneumococcal vaccine

The pneumococcal vaccine is universally recom-
mended in immunocompromised individuals (142-
145). Also in the general population, it is important 
to underline that the national vaccine prevention plan 
recommends the pneumococcal vaccine for all individ-
uals over 64 years of age. In an observational multicen-
tre study on approx. 800 cases of invasive pneumococ-
cal infection, the mortality rate totalled to 9% among 
the general population but 24% among immunocom-
promised patients (146).

There are two types of vaccine available:
- �The polysaccharide vaccine PPSV23 (Pneu-

movax) that gives protection against 23 differ-
ent serotypes of pneumococcus bacteria that all 
cause pneumococcal disease known for being 
potentially responsible for an invasive form: 11 
of these serotypes are not contained in any other 
type of vaccine available (PCV13).

- �The conjugate vaccine PCV13 (Prevenar). This 
vaccine is more immunogenic than PPSV23, in-
asmuch as it  evokes a more long-lasting memo-
ry T cell response with a duration of 3 to 5 years.

The main guidelines recommend the administra-
tion of a dose of PCV13 vaccine two weeks before 
starting chemotherapy followed by a dose of PPSV23 
8 weeks later (142-145) (Table 11).
Influenza vaccination

The incidence of influenza in immunocompro-
mised patients is approx. double that observed in the 
general population and hospitalization and mortality 
in this population reaches 20% and 50%, respectively 
(147).

The main guidelines recommend administration 
of the inactivated influenza vaccine once a year (142-
145). Some guidelines recommend the administration 
of 2 doses of vaccine 4 weeks apart, while others rec-
ommend one dose annually (145). Also as regards the 
influenza vaccination, the national vaccine prevention 
plan recommends its administration to all members of 
the population over 64 years of age.

Recommendations for cohabitants

Cohabitants of immunocompromised patients 
must be vaccinated annually with the inactivated anti-
influenza vaccine (142). It is important to remember, 
moreover, that immunocompromised patients must 
avoid contact with cohabitants who develop skin le-
sions after the vaccination against varicella/zoster.

Diagnostic approach to febrile neutropenia

One of the most unwelcome events in patients af-
fected by MDS and AML is the onset of fever, as it 
places the clinician in the difficult position of having 
to carefully manage an event that has to be considered 
infectious until proven otherwise. If on one hand the 
onset of fever can be caused by a variety of factors (e.g. 
transfusion of blood products), on the other, patients 
with AML or MDS can rapidly degenerate into a state 
of sepsis and multiple organ failure. For this reason, it 
is of the utmost importance to carefully consider each 
single event of each single patient, in order to correctly 
interpret the clinical picture that is developing. 

The correct management of a febrile event is of 
fundamental importance in the care strategy of the pa-

Table 11. Vaccine plan recommended for elderly patients with AML and high-risk MDS under treatment with hypomethylating 
agents.

Vaccination	 Type of vaccine available	 Recommendation

Pneumococcal	 PPSV23 inactivated polysaccharide vaccine 	 One dose of PCV13: 2 weeks prior to the start of the
	 PCV13 inactivated conjugate vaccine	 treatment, followed by one dose of PPSV23 8 weeks
		  later.

Anti-influenza	 Inactivated injectable	 One annual dose
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tient: a patient with MDS or AML who develops a 
severe infection might not be able to complete his/her 
treatment plan, having to defer or even suspend the 
treatment, thereby reducing the his/her probabilities 
of improvement. An epidemiological study, focused 
on evaluating the characteristics of patients affected 
by acute and chronic leukemia who developed docu-
mented sepsis, demonstrated that mortality at 21 days 
was higher in patients with long-lasting neutropenia 
than in patients with neutropenia lasting less than 10 
days. In particular, in patients with AML, mortality at 
21 days was higher in neutropenic patients than in non 
neutropenic patients (148). 

Diagnostic picture of the febrile patient

A patient affected by MDS or AML who devel-
ops a fever while suffering from neutropenia must be 
subjected to an urgent medical evaluation: a careful 
objective examination must include an inspection of 
the mouth, skin, the insertion site of any venous cath-
eters and the perianal region, pulmonary auscultation 
and palpation of the abdomen and the lymph node sta-
tions. Also of fundamental importance is a scrupulous 
evaluation of hemodynamic parameters, the presence 
of any associated symptoms such as expectorate, diar-
rhea, burning on passing urine and the patient’s mental 
state: often the symptoms of severe sepsis can be very 
vague, linked to the condition of anergy which is typi-
cal of patients with MDS and particularly AML. 

First level examinations include:
• complete blood count with formula, 
• kidney and liver function, 
• cholestasis and hemolysis indices, 
• blood coagulation tests. 
The discovery of abnormalities in the blood 

chemistry and/or blood coagulation tests can provide 
indirect indications on the origin of the febrile event, 
even if they are not sufficient to determine a severe 
event like an infection. Additionally, it is important 
to keep in mind the age and possible comorbidities 
of the patient, in addition to carrying out a logistic 
evaluation, considering for example the constant pres-
ence of a caregiver and the possibility of reaching a 
hospital quickly should the patient’s clinical condi-
tions worsen. 

Predictive criteria of severity and prognostic scores

Clinical judgement is undoubtedly the first and 
most important evaluation tool for these patients, but 
it is not always sufficient. In order to identify the pre-
dictive criteria of severity and recognize which patients 
are most at risk for systemic complications and require 
antibiotic therapy during hospitalization, various co-
operative groups have published and subsequently val-
idated clinical scores. Already in 1992 three conditions 
were identified, otherwise known as “Talcott’s Rules” 
to assess patients at risk of developing potentially fatal 
complications during febrile neutropenia: a hospitali-
zation condition; a serious comorbidity, even if inde-
pendent; uncontrolled cancer (149). 

More recently, in 2000 the “Multinational Asso-
ciation for Supportive Care in Cancer” identified seven 
characteristics to which a score was attributed, mak-
ing up the MASCC score: importance of the symptoms 
of febrile neutropenia, hypotension, COPD, previous 
fungal infection, dehydration, age <60 years, outpa-
tient status (150). Numerous authors have validated 
this score as predictive of the severity of an ongoing 
state of infection; despite this, up to 11% of the pa-
tients classified by the MASCC score as being low risk 
patients developed a serious complication. Moreover, 
one of the major limitations of these scores resides in 
the variability of the patients being considered, also 
in the evaluation studies, which include both solid 
tumours and patients with AML as well as patients 
subjected to stem cell transplantation. 

One of the most recent scores entitled CISNE suc-
ceeded in improving the predictive accuracy of severe 
complications in patients who were apparently low-
risk, by attributing greater importance to pre-existing 
comorbidities rather than to the symptoms presenting 
at the infectious event; patients with AML or subject-
ed to stem cell transplants were not included in the 
original study  (151). 

Radiological and microbiological investigations and 
antibiotic therapy

Most of the studies on neutropenic patients in-
clude a much larger number of patients with solid 
tumours than patients with MDS and AML: for this 
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reason, the indications listed and the value of the prog-
nostic scores are only applicable to this population up 
to a certain point. A neutropenic patient with febrile 
MDS or AML, who does not present with any previ-
ous organ dysfunction or any new changes in his/her 
blood chemistry tests, does not report any associated 
symptoms and is able to reach the hospital quickly if 
his/her conditions worsen, can reasonably be started 
on antibiotic treatment orally. In any case, a clinical 
re-evaluation must be scheduled within 48-72 hours 
of the onset of the fever, or earlier than this, should 
new symptoms occur. If, during the evaluation of the 
patient, characteristics indicating a high risk of severe 
infection are identified (hemodynamic instability, res-
piratory symptoms, new onset of worsening of renal 
function, mucositis that prevents the administration 
of oral medication, a total indicating a severe infec-
tion in the above-mentioned scores), the patient will 
be hospitalized and commence antibiotic therapy, with 
intensive microbiological surveillance (116). 

Blood cultures should be taken before antibiotic 
therapy is started (152), preferably by taking a cou-
ple of samples of peripheral blood and venous catheter 
blood, if any, in order to assess the differential time to 
positivity between the two samples (153). Even if car-
ried out ubiquitously, the measuring of procalcitonin 
does not seem to be as effective in identifying an in-
fectious event in neutropenic patients as it is in non 
neutropenic patients (154). Similarly, the measuring of 
the C-reactive protein has proved unequivocally to be 
a predictive marker for infection (155-157). Also use-
ful is the determination of galactomannan and beta-
D-glucan on peripheral blood (158,159), to be carried 
out twice a week, and the obtaining of urine culture 
and the conducting urine antigen tests for Legionella 
and Streptococcus before starting treatment with an-
tibiotics. Perianal and pharyngeal swab tests, or fecal 
culture tests are also important. They make it possible 
to identify the contamination, if any, in order to be able 
to target the antibiotic therapy.  Should respiratory 
symptoms emerge, an arterial blood gas test is indicat-
ed, since it also provides information on lactacidemia, 
an early marker of sepsis. 

X-rays of the chest is the level 1 radiological in-
vestigation even although it does not identify abnor-
malities ascribable to an infection in a high number 

of cases. A thin slice CT scan of the chest is indicated 
in all cases of fever that persists notwithstanding the 
commencement of antibiotic therapy:  the identifica-
tion of pleural thickening indicates that a bronchoal-
veolar lavage should be performed in order to adjust 
the antibiotic therapy accordingly. 

Depending on the clinical manifestations, other 
radiological and microbiological tests may be indicat-
ed. In the case of common cold symptoms during the 
period of seasonal viral infections, it is important to 
perform nasal and pharyngeal swab tests in order to 
ascertain whether a influenza virus infection is present 
In the case of nasal congestion, pain in the regions of 
the jaw and/or forehead, or other symptoms reminis-
cent of  sinusitis, a CT scan of the facial bones can be 
useful in order to exclude the possibility of an invasive 
fungal infection. In the event of persistent diarrhea, a 
stool test is required to search for the main enterocolic 
pathogens, including the toxin Clostridium difficile, and 
to perform a CT scan of the abdomen in order to ex-
clude typhoid. If the chest X-rays suggest a tubercular 
infection, it is useful to perform the Mantoux intra-
dermal skin test, the Quantiferon diagnostic test, and 
carry out a microbiological examination of the bron-
choalveolar lavage fluid. 

References

1. �Yancik R, Ries LA. Cancer in older persons: an international 
issue in an aging world. Seminars in oncology 2004;31:128-
36.

2. �Campisi J, d’Adda di Fagagna F. Cellular senescence: when 
bad things happen to good cells. Nature reviews Molecular 
cell biology 2007;8:729-40.

3. �Ferrucci L, Corsi A, Lauretani F, et al. The origins of age-
related proinflammatory state. Blood 2005;105:2294-9.

4. �Lee SJ, Lindquist K, Segal MR, Covinsky KE. Development 
and validation of a prognostic index for 4-year mortality in 
older adults. Jama 2006;295:801-8.

5. �Novak M, Guest C. Application of a multidimensional care-
giver burden inventory. The Gerontologist 1989;29:798-803.

6. �Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. 
A practical method for grading the cognitive state of patients 
for the clinician. Journal of psychiatric research 1975;12:189-
98.

7. �Balducci L, Cohen HJ, Engstrom PF, et al. Senior adult on-
cology clinical practice guidelines in oncology. Journal of 
the National Comprehensive Cancer Network : JNCCN 
2005;3:572-90.



L. Pagano, A. Busca, A. Candoni, et al.34

  8. �Extermann M, Popa MA, M. D, al e. Drug interactions  
  �assessed with drug interaction fact are associated with in-
creased risk of chemotoxicity in older cancer patients re-
ceiving chemotherapy. AACR Annual Conference Denver 
Co 2009; 18-22 2009.

  9. �Marx GM, Blake GM, Galani E, et al. Evaluation of the 
Cockroft-Gault, Jelliffe and Wright formulae in estimating 
renal function in elderly cancer patients. Annals of oncology 
: official journal of the European Society for Medical Onco-
logy 2004;15:291-5.

10. �Fried LP, Tangen CM, Walston J, et al. Frailty in older 
adults: evidence for a phenotype. The journals of geron-
tology Series A, Biological sciences and medical sciences 
2001;56:M146-56.

11. �Xue QL, Bandeen-Roche K, Varadhan R, Zhou J, Fried LP. 
Initial manifestations of frailty criteria and the development 
of frailty phenotype in the Women’s Health and Aging 
Study II. The journals of gerontology Series A, Biological 
sciences and medical sciences 2008;63:984-90.

12. �National Cancer Institute. Surveillance, epidemiology, and 
end results. SEER Cancer Statistics Review (website).

13. �Dombret H, Raffoux E, Gardin C. Acute myeloid leukemia 
in the elderly. Seminars in oncology 2008;35:430-8.

14. �Juliusson G, Antunovic P, Derolf A, et al. Age and acute 
myeloid leukemia: real world data on decision to treat and 
outcomes from the Swedish Acute Leukemia Registry. Blo-
od 2009;113:4179-87.

15. �Grimwade D, Walker H, Harrison G, et al. The predictive 
value of hierarchical cytogenetic classification in older adults 
with acute myeloid leukemia (AML): analysis of 1065 pa-
tients entered into the United Kingdom Medical Research 
Council AML11 trial. Blood 2001;98:1312-20.

16. �Prebet T, Boissel N, Reutenauer S, et al. Acute myeloid 
leukemia with translocation (8;21) or inversion (16) in el-
derly patients treated with conventional chemotherapy: a 
collaborative study of the French CBF-AML intergroup. 
Journal of clinical oncology : official journal of the Ameri-
can Society of Clinical Oncology 2009;27:4747-53.

17. �Pagano L, Pulsoni A, Vignetti M, et al. Secondary acute 
myeloid leukaemia: results of conventional treatments. Ex-
perience of GIMEMA trials. Annals of oncology : official 
journal of the European Society for Medical Oncology 
2005;16:228-33.

18. �Becker H, Marcucci G, Maharry K, et al. Favorable pro-
gnostic impact of NPM1 mutations in older patients with 
cytogenetically normal de novo acute myeloid leukemia and 
associated gene- and microRNA-expression signatures: a 
Cancer and Leukemia Group B study. Journal of clinical on-
cology : official journal of the American Society of Clinical 
Oncology 2010;28:596-604.

19. �Ferrara F, Criscuolo C, Riccardi C, et al. FLT3 mutations 
have no prognostic impact in elderly patients with acute 
myeloid leukemia and normal karyotype. American journal 
of hematology 2009;84:532-5.

20. �Mengis C, Aebi S, Tobler A, Dahler W, Fey MF. Asses-
sment of differences in patient populations selected for 
excluded from participation in clinical phase III acute mye-

logenous leukemia trials. Journal of clinical oncology : offi-
cial journal of the American Society of Clinical Oncology 
2003;21:3933-9.

21. �Etienne A, Esterni B, Charbonnier A, et al. Comorbidity is 
an independent predictor of complete remission in elderly 
patients receiving induction chemotherapy for acute mye-
loid leukemia. Cancer 2007;109:1376-83.

22. �Lowenberg B, Zittoun R, Kerkhofs H, et al. On the value of 
intensive remission-induction chemotherapy in elderly pa-
tients of 65+ years with acute myeloid leukemia: a randomi-
zed phase III study of the European Organization for Rese-
arch and Treatment of Cancer Leukemia Group. Journal of 
clinical oncology : official journal of the American Society 
of Clinical Oncology 1989;7:1268-74.

23. �Lowenberg B, Ossenkoppele GJ, van Putten W, et al. 
High-dose daunorubicin in older patients with acute 
myeloid leukemia. The New England journal of medicine 
2009;361:1235-48.

24. �Estey E. Acute myeloid leukemia and myelodysplastic syn-
dromes in older patients. Journal of clinical oncology : offi-
cial journal of the American Society of Clinical Oncology 
2007;25:1908-15.

25. �Vardiman JW, Thiele J, Arber DA, et al. The 2008 revision 
of the World Health Organization (WHO) classification of 
myeloid neoplasms and acute leukemia: rationale and im-
portant changes. Blood 2009;114:937-51.

26. �Sekeres MA, Elson P, Kalaycio ME, et al. Time from dia-
gnosis to treatment initiation predicts survival in younger, 
but not older, acute myeloid leukemia patients. Blood 
2009;113:28-36.

27. �Sampat K, Kantarjian H, Borthakur G. Clofarabine: emer-
ging role in leukemias. Expert opinion on investigational 
drugs 2009;18:1559-64.

28. �Rollison DE, Howlader N, Smith MT, et al. Epidemio-
logy of myelodysplastic syndromes and chronic myelopro-
liferative disorders in the United States, 2001-2004, using 
data from the NAACCR and SEER programs. Blood 
2008;112:45-52.

29. �Kuendgen A, Strupp C, Aivado M, et al. Myelodysplastic 
syndromes in patients younger than age 50. Journal of cli-
nical oncology : official journal of the American Society of 
Clinical Oncology 2006;24:5358-65.

30. �Malcovati L, Hellstrom-Lindberg E, Bowen D, et al. Dia-
gnosis and treatment of primary myelodysplastic syndromes 
in adults: recommendations from the European Leukemia-
Net. Blood 2013;122:2943-64.

31. �Greenberg P, Cox C, LeBeau MM, et al. International sco-
ring system for evaluating prognosis in myelodysplastic syn-
dromes. Blood 1997;89:2079-88.

32. �Greenberg PL, Tuechler H, Schanz J, et al. Revised inter-
national prognostic scoring system for myelodysplastic syn-
dromes. Blood 2012;120:2454-65.

33. �Westers TM, Ireland R, Kern W, et al. Standardization of 
flow cytometry in myelodysplastic syndromes: a report from 
an international consortium and the European Leukemia-
Net Working Group. Leukemia 2012;26:1730-41.

34. �Yoshida K, Sanada M, Shiraishi Y, et al. Frequent pathway 



Risk of infection in elderly patients with AML and MDS treated with hypomethylating agents 35

mutations of splicing machinery in myelodysplasia. Nature 
2011;478:64-9.

35. �Malcovati L, Papaemmanuil E, Bowen DT, et al. Clinical 
significance of SF3B1 mutations in myelodysplastic syn-
dromes and myelodysplastic/myeloproliferative neoplasms. 
Blood 2011;118:6239-46.

36. �Della Porta MG, Malcovati L, Strupp C, et al. Risk strati-
fication based on both disease status and extra-hematologic 
comorbidities in patients with myelodysplastic syndrome. 
Haematologica 2011;96:441-9.

37. �Sorror ML, Maris MB, Storb R, et al. Hematopoietic cell 
transplantation (HCT)-specific comorbidity index: a new 
tool for risk assessment before allogeneic HCT. Blood 
2005;106:2912-9.

38. �Voso MT, Santini V, Fabiani E, et al. Why methylation 
is not a marker predictive of response to hypomethylating 
agents. Haematologica 2014;99:613-9.

39. �Prebet T, Gore SD, Esterni B, et al. Outcome of high-risk 
myelodysplastic syndrome after azacitidine treatment failu-
re. Journal of clinical oncology : official journal of the Ame-
rican Society of Clinical Oncology 2011;29:3322-7.

40. �Voso MT, Breccia M, Lunghi M, et al. Rapid loss of respon-
se after withdrawal of treatment with azacitidine: a case se-
ries in patients with higher-risk myelodysplastic syndromes 
or chronic myelomonocytic leukemia. European journal of 
haematology 2013;90:345-8.

41. �Craddock CF, Houlton AE, Quek LS, et al. Outcome of 
Azacitidine Therapy in Acute Myeloid Leukemia Is not Im-
proved by Concurrent Vorinostat Therapy but Is Predicted 
by a Diagnostic Molecular Signature. Clinical cancer rese-
arch : an official journal of the American Association for 
Cancer Research 2017;23:6430-40.

42. �Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Effica-
cy of azacitidine compared with that of conventional care 
regimens in the treatment of higher-risk myelodysplastic 
syndromes: a randomised, open-label, phase III study. The 
Lancet Oncology 2009;10:223-32.

43. �Voso MT, Niscola P, Piciocchi A, et al. Standard dose and 
prolonged administration of azacitidine are associated with 
improved efficacy in a real-world group of patients with 
myelodysplastic syndrome or low blast count acute myeloid 
leukemia. European journal of haematology 2016;96:344-
51.

44. �Silverman LR, Fenaux P, Mufti GJ, et al. Continued azaci-
tidine therapy beyond time of first response improves qua-
lity of response in patients with higher-risk myelodysplastic 
syndromes. Cancer 2011;117:2697-702.

45. �Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Azaci-
tidine prolongs overall survival compared with conventio-
nal care regimens in elderly patients with low bone marrow 
blast count acute myeloid leukemia. Journal of clinical on-
cology : official journal of the American Society of Clinical 
Oncology 2010;28:562-9.

46. �Dombret H, Seymour JF, Butrym A, et al. International 
phase 3 study of azacitidine vs conventional care regimens 
in older patients with newly diagnosed AML with >30% 
blasts. Blood 2015;126:291-9.

47. �Pleyer L, Burgstaller S, Girschikofsky M, et al. Azaciti-
dine in 302 patients with WHO-defined acute myeloid 
leukemia: results from the Austrian Azacitidine Regi-
stry of the AGMT-Study Group. Annals of hematology 
2014;93:1825-38.

48. �Lubbert M, Suciu S, Baila L, et al. Low-dose decitabine 
versus best supportive care in elderly patients with inter-
mediate- or high-risk myelodysplastic syndrome (MDS) 
ineligible for intensive chemotherapy: final results of the 
randomized phase III study of the European Organisation 
for Research and Treatment of Cancer Leukemia Group 
and the German MDS Study Group. Journal of clinical on-
cology : official journal of the American Society of Clinical 
Oncology 2011;29:1987-96.

49. �Kantarjian HM, Thomas XG, Dmoszynska A, et al. Multi-
center, randomized, open-label, phase III trial of decitabine 
versus patient choice, with physician advice, of either sup-
portive care or low-dose cytarabine for the treatment of ol-
der patients with newly diagnosed acute myeloid leukemia. 
Journal of clinical oncology : official journal of the Ameri-
can Society of Clinical Oncology 2012;30:2670-7.

50. �Blum W, Garzon R, Klisovic RB, et al. Clinical response 
and miR-29b predictive significance in older AML patients 
treated with a 10-day schedule of decitabine. Proceedings of 
the National Academy of Sciences of the United States of 
America 2010;107:7473-8.

51. �Ritchie EK, Feldman EJ, Christos PJ, et al. Decitabine in 
patients with newly diagnosed and relapsed acute myeloid 
leukemia. Leukemia & lymphoma 2013;54:2003-7.

52. �Dohner H, Estey E, Grimwade D, et al. Diagnosis and ma-
nagement of AML in adults: 2017 ELN recommendations 
from an international expert panel. Blood 2017;129:424-47.

53. �Sebert M, Komrokji RS, Sekeres MA, et al. Impact of base-
line cytogenetic findings and cytogenetic response on out-
come of high-risk myelodysplastic syndromes and low blast 
count AML treated with azacitidine. Leukemia research 
2017;63:72-7.

54. �Zeidan AM, Lee JW, Prebet T, et al. Platelet count doubling 
after the first cycle of azacitidine therapy predicts eventual 
response and survival in patients with myelodysplastic syn-
dromes and oligoblastic acute myeloid leukaemia but does 
not add to prognostic utility of the revised IPSS. British 
journal of haematology 2014;167:62-8.

55. �Itzykson R, Thepot S, Quesnel B, et al. Prognostic factors 
for response and overall survival in 282 patients with hi-
gher-risk myelodysplastic syndromes treated with azacitidi-
ne. Blood 2011;117:403-11.

56. �Papaemmanuil E, Gerstung M, Malcovati L, et al. Clini-
cal and biological implications of driver mutations in mye-
lodysplastic syndromes. Blood 2013;122:3616-27; quiz 99.

57. �Papaemmanuil E, Gerstung M, Bullinger L, et al. Genomic 
Classification and Prognosis in Acute Myeloid Leukemia. 
The New England journal of medicine 2016;374:2209-21.

58. �Welch JS, Petti AA, Miller CA, et al. TP53 and decitabine 
in acute myeloid leukemia and myelodysplastic syndromes. 
N Engl J Med 2016; 375: 2023-36.

59. �Pleyer L, Dohner H, Dombret H, et al. Azacitidine for 



L. Pagano, A. Busca, A. Candoni, et al.36

Front-Line Therapy of Patients with AML: Reproducible 
Efficacy Established by Direct Comparison of International 
Phase 3 Trial Data with Registry Data from the Austrian 
Azacitidine Registry of the AGMT Study Group. Interna-
tional journal of molecular sciences 2017;18.

60. �Toma A, Fenaux P, Dreyfus F, Cordonnier C. Infections in 
myelodysplastic syndromes. Haematologica 2012;97:1459-
70.

61. �Cunningham I, MacCallum SJ, Nicholls MD, et al. The 
myelodysplastic syndromes: an analysis of prognostic fac-
tors in 226 cases from a single institution. British journal of 
haematology 1995;90:602-6.

62. �Pagano L, Caira M, Candoni A, et al. The epidemiology of 
fungal infections in patients with hematologic malignancies: 
the SEIFEM-2004 study. Haematologica 2006;91:1068- 
75.

63. �Herbrecht R, Bories P, Moulin JC, Ledoux MP, Letscher-
Bru V. Risk stratification for invasive aspergillosis in immu-
nocompromised patients. Annals of the New York Academy 
of Sciences 2012;1272:23-30.

64. �Pagano L, Akova M, Dimopoulos G, Herbrecht R, Drgona 
L, Blijlevens N. Risk assessment and prognostic factors for 
mould-related diseases in immunocompromised patients. 
The Journal of antimicrobial chemotherapy 2011;66 Suppl 
1:i5-14.

65. �Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision 
to the World Health Organization classification of myeloid 
neoplasms and acute leukemia. Blood 2016;127:2391-405.

66. �Voso MT, Fenu S, Latagliata R, et al. Revised Internatio-
nal Prognostic Scoring System (IPSS) predicts survival and 
leukemic evolution of myelodysplastic syndromes signi-
ficantly better than IPSS and WHO Prognostic Scoring 
System: validation by the Gruppo Romano Mielodisplasie 
Italian Regional Database. Journal of clinical oncology : of-
ficial journal of the American Society of Clinical Oncology 
2013;31:2671-7.

67. �Briggs RC, Shults KE, Flye LA, et al. Dysregulated hu-
man myeloid nuclear differentiation antigen expression in 
myelodysplastic syndromes: evidence for a role in apoptosis. 
Cancer research 2006;66:4645-51.

68. �Shetty V, Hussaini S, Broady-Robinson L, et al. Intrame-
dullary apoptosis of hematopoietic cells in myelodysplastic 
syndrome patients can be massive: apoptotic cells recovered 
from high-density fraction of bone marrow aspirates. Blood 
2000;96:1388-92.

69. �Smith MA, Smith JG. The occurrence subtype and si-
gnificance of haemopoietic inhibitory T cells (HIT cells) 
in myelodysplasia: an in vitro study. Leukemia research 
1991;15:597-601.

70. �Voulgarelis M, Giannouli S, Ritis K, Tzioufas AG. Mye-
lodysplasia-associated autoimmunity: clinical and patho-
physiologic concepts. European journal of clinical investi-
gation 2004;34:690-700.

71. �Silverman LR, Demakos EP, Peterson BL, et al. Randomi-
zed controlled trial of azacitidine in patients with the mye-
lodysplastic syndrome: a study of the cancer and leukemia 
group B. Journal of clinical oncology : official journal of  

the American Society of Clinical Oncology 2002;20:2429-
40.

72. �Silverman LR, McKenzie DR, Peterson BL, et al. Further 
analysis of trials with azacitidine in patients with mye-
lodysplastic syndrome: studies 8421, 8921, and 9221 by the 
Cancer and Leukemia Group B. Journal of clinical oncology 
: official journal of the American Society of Clinical Onco-
logy 2006;24:3895-903.

73. �Musto P, Maurillo L, Spagnoli A, et al. Azacitidine for the 
treatment of lower risk myelodysplastic syndromes : a retro-
spective study of 74 patients enrolled in an Italian named 
patient program. Cancer 2010;116:1485-94.

74. �Garcia-Manero G, Fenaux P. Hypomethylating agents and 
other novel strategies in myelodysplastic syndromes. Journal 
of clinical oncology : official journal of the American Socie-
ty of Clinical Oncology 2011;29:516-23.

75. �Wijermans P, Lubbert M, Verhoef G, et al. Low-dose 
5-aza-2’-deoxycytidine, a DNA hypomethylating agent, 
for the treatment of high-risk myelodysplastic syndrome: 
a multicenter phase II study in elderly patients. Journal of 
clinical oncology : official journal of the American Society 
of Clinical Oncology 2000;18:956-62.

76. �Issa JP, Garcia-Manero G, Giles FJ, et al. Phase 1 study of 
low-dose prolonged exposure schedules of the hypomethy-
lating agent 5-aza-2’-deoxycytidine (decitabine) in hemato-
poietic malignancies. Blood 2004;103:1635-40.

77. �Kantarjian H, Oki Y, Garcia-Manero G, et al. Results of a 
randomized study of 3 schedules of low-dose decitabine in 
higher-risk myelodysplastic syndrome and chronic myelo-
monocytic leukemia. Blood 2007;109:52-7.

78. �Ali AM, Weisel D, Gao F, et al. Patterns of infectious com-
plications in acute myeloid leukemia and myelodysplastic 
syndromes patients treated with 10-day decitabine regimen. 
Cancer medicine 2017;6:2814-21.

79. �Matsushima K, Baldwin ET, Mukaida N. Interleukin-8 and 
MCAF: novel leukocyte recruitment and activating cytoki-
nes. Chemical immunology 1992;51:236-65.

80. �Clark-Lewis I, Moser B, Walz A, Baggiolini M, Scott GJ, 
Aebersold R. Chemical synthesis, purification, and cha-
racterization of two inflammatory proteins, neutrophil ac-
tivating peptide 1 (interleukin-8) and neutrophil activating 
peptide. Biochemistry 1991;30:3128-35.

81. �Mayer-Scholl A, Averhoff P, Zychlinsky A. How do neu-
trophils and pathogens interact? Current opinion in micro-
biology 2004;7:62-6.

82. �Shetty VT, Mundle SD, Raza A. Pseudo Pelger-Huet ano-
maly in myelodysplastic syndrome: hyposegmented apopto-
tic neutrophil? Blood 2001;98:1273-5.

83. �Moretti S, Lanza F, Spisani S, et al. Neutrophils from pa-
tients with myelodysplastic syndromes: relationship betwe-
en impairment of granular contents, complement receptors, 
functional activities and disease status. Leukemia & lym-
phoma 1994;13:471-7.

84. �Martin S, Baldock SC, Ghoneim AT, Child JA. Defecti-
ve neutrophil function and microbicidal mechanisms in 
the myelodysplastic disorders. Journal of clinical pathology 
1983;36:1120-8.



Risk of infection in elderly patients with AML and MDS treated with hypomethylating agents 37

85. �Verhoef G, Boogaerts M. In vivo administration of gra-
nulocyte-macrophage colony stimulating factor enhances 
neutrophil function in patients with myelodysplastic syn-
dromes. British journal of haematology 1991;79:177-84.

86. �Elghetany MT. Surface marker abnormalities in mye-
lodysplastic syndromes. Haematologica 1998;83:1104-15.

87. �Elghetany MT, Peterson B, MacCallum J, et al. Deficiency 
of neutrophilic granule membrane glycoproteins in the 
myelodysplastic syndromes: a common deficiency in 216 
patients studied by the Cancer and Leukemia Group B. 
Leukemia research 1997;21:801-6.

88. �Ito Y, Kawanishi Y, Shoji N, Ohyashiki K. Decline in anti-
biotic enzyme activity of neutrophils is a prognostic factor 
for infections in patients with myelodysplastic syndrome. 
Clinical infectious diseases : an official publication of the 
Infectious Diseases Society of America 2000;31:1292-5.

89. �Zabernigg A, Hilbe W, Eisterer W, Greil R, Ludescher C, 
Thaler J. Cytokine priming of the granulocyte respiratory 
burst in myelodysplastic syndromes. Leukemia & lympho-
ma 1997;27:137-43.

90. �Ohsaka A, Kitagawa S, Yuo A, et al. Effects of granulocyte 
colony-stimulating factor and granulocyte-macrophage co-
lony-stimulating factor on respiratory burst activity of neu-
trophils in patients with myelodysplastic syndromes. Clini-
cal and experimental immunology 1993;91:308-13.

91. �Nakaseko C, Asai T, Wakita H, Oh H, Saito Y. Signalling 
defect in FMLP-induced neutrophil respiratory burst in 
myelodysplastic syndromes. British journal of haematology 
1996;95:482-8.

92. �Mazzone A, Porta C, Fossati G, Gritti D, Mazzucchelli 
I, Ricevuti G. Granulocyte dysplasia and dysfunction, and 
CD11/CD18 defects in myelodysplastic syndromes. Leuke-
mia & lymphoma 1996;23:267-75.

93. �Ricevuti G, Mazzone A, Pasotti D, Fossati G, Mazzucchelli 
I, Notario A. The role of integrins in granulocyte dysfun-
ction in myelodysplastic syndrome. Leukemia research 
1993;17:609-19.

94. �Ohsaka A, Saionji K, Igari J, Watanabe N, Iwabuchi K, 
Nagaoka I. Altered surface expression of effector cell mole-
cules on neutrophils in myelodysplastic syndromes. British 
journal of haematology 1997;98:108-13.

95. �Pasotti D, Mazzone A, Fossati G, et al. Correlations 
between membrane integrins and granulocyte defects in 
myelodysplastic syndromes. Recenti progressi in medicina 
1993;84:742-9.

96. �Fuhler GM, Knol GJ, Drayer AL, Vellenga E. Impaired 
interleukin-8- and GROalpha-induced phosphorylation 
of extracellular signal-regulated kinase result in decreased 
migration of neutrophils from patients with myelodysplasia. 
Journal of leukocyte biology 2005;77:257-66.

97. �Fianchi L, Leone G, Posteraro B, et al. Impaired bactericidal 
and fungicidal activities of neutrophils in patients with mye-
lodysplastic syndrome. Leukemia research 2012; 36:331-3.

98. �Marisavljevic D, Kraguljac N, Rolovic Z. Immunologic ab-
normalities in myelodysplastic syndromes: clinical features 
and characteristics of the lymphoid population. Medical 
oncology 2006;23:385-91.

  99. �Katsuki K, Shinohara K, Kameda N, Yamada T, Takeda 
K, Kamei T. Two cases of myelodysplastic syndrome with 
extramedullary polyclonal plasma cell proliferation and au-
toantibody production: possible role of soluble Fas antigen 
for production of excessive self-reactive B cells. Internal 
medicine 1998;37:973-7.

100. �Okamoto T, Okada M, Mori A, et al. Correlation betwe-
en immunological abnormalities and prognosis in mye-
lodysplastic syndrome patients. International journal of 
hematology 1997;66:345-51.

101. �Shioi Y, Tamura H, Yokose N, Satoh C, Dan K, Ogata K. 
Increased apoptosis of circulating T cells in myelodyspla-
stic syndromes. Leukemia research 2007;31:1641-8.

102. �Kiladjian JJ, Bourgeois E, Lobe I, et al. Cytolytic function 
and survival of natural killer cells are severely altered in 
myelodysplastic syndromes. Leukemia 2006;20:463-70.

103. �Epling-Burnette PK, Bai F, Painter JS, et al. Reduced na-
tural killer (NK) function associated with high-risk mye-
lodysplastic syndrome (MDS) and reduced expression of 
activating NK receptors. Blood 2007;109:4816-24.

104. �Marcondes AM, Mhyre AJ, Stirewalt DL, Kim SH, Di-
narello CA, Deeg HJ. Dysregulation of IL-32 in mye-
lodysplastic syndrome and chronic myelomonocytic 
leukemia modulates apoptosis and impairs NK function. 
Proceedings of the National Academy of Sciences of the 
United States of America 2008;105:2865-70.

105. �Ford CD, Lopansri BK, Haydoura S, et al. Frequency, risk 
factors, and outcomes of vancomycin-resistant Enterococ-
cus colonization and infection in patients with newly dia-
gnosed acute leukemia: different patterns in patients with 
acute myelogenous and acute lymphoblastic leukemia. In-
fection control and hospital epidemiology 2015;36:47-53.

106. �Trecarichi EM, Pagano L, Martino B, et al. Bloodstream 
infections caused by Klebsiella pneumoniae in onco-hema-
tological patients: clinical impact of carbapenem resistance 
in a multicentre prospective survey. American journal of 
hematology 2016;91:1076-81.

107. �Caira M, Candoni A, Verga L, et al. Pre-chemotherapy risk 
factors for invasive fungal diseases: prospective analysis of 
1,192 patients with newly diagnosed acute myeloid leuke-
mia (SEIFEM 2010-a multicenter study). Haematologica 
2015;100:284-92.

108. �Santini V, Fenaux P, Mufti GJ, et al. Management and 
supportive care measures for adverse events in patients 
with myelodysplastic syndromes treated with azacitidine*. 
European journal of haematology 2010;85:130-8.

109. �Merkel D, Filanovsky K, Gafter-Gvili A, et al. Predicting 
infections in high-risk patients with myelodysplastic syn-
drome/acute myeloid leukemia treated with azacitidine: a 
retrospective multicenter study. American journal of he-
matology 2013;88:130-4.

110. �Falantes JF, Calderon C, Marquez-Malaver FJ, et al. Pat-
terns of infection in patients with myelodysplastic syn-
dromes and acute myeloid leukemia receiving azacitidine 
as salvage therapy. Implications for primary antifungal 
prophylaxis. Clinical lymphoma, myeloma & leukemia 
2014;14:80-6.



L. Pagano, A. Busca, A. Candoni, et al.38

111. �Schuck A, Goette MC, Neukirchen J, et al. A retrospec-
tive study evaluating the impact of infectious complica-
tions during azacitidine treatment. Annals of hematology 
2017;96:1097-104.

112. �Lorenzana N, Avila LF, Alonso S, Colado E, Bernal T. 
The impact of antimicrobial prophylaxis in morbidity and 
infections during azacitidine treatment. Annals of hemato-
logy 2017;96:1833-40.

113. �Bainschab A, Quehenberger F, Greinix HT, et al. Infections 
in patients with acute myeloid leukemia treated with low-
intensity therapeutic regimens: Risk factors and efficacy of 
antibiotic prophylaxis. Leukemia research 2016;42:47-51.

114. �Cashen AF, Schiller GJ, O’Donnell MR, DiPersio JF. 
Multicenter, phase II study of decitabine for the first-line 
treatment of older patients with acute myeloid leukemia. 
Journal of clinical oncology : official journal of the Ameri-
can Society of Clinical Oncology 2010;28:556-61.

115. �Borlenghi E, Filì C, Basilico C, et al. Efficacy and safety 
of Decitabine as first-line therapy for elderly patients with 
acute myeloid leukemia. A real life multicentric experience 
of the Northern Italy. ASH, 2017

116. �Taplitz RA, Kennedy EB, Bow EJ, et al. Outpatient Ma-
nagement of Fever and Neutropenia in Adults Treated for 
Malignancy: American Society of Clinical Oncology and 
Infectious Diseases Society of America Clinical Practice 
Guideline Update. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology 
2018;36:1443-53.

117. �Averbuch D, Orasch C, Cordonnier C, et al. European 
guidelines for empirical antibacterial therapy for febrile 
neutropenic patients in the era of growing resistance: sum-
mary of the 2011 4th European Conference on Infections 
in Leukemia. Haematologica 2013;98:1826-35.

118. �Even C, Bastuji-Garin S, Hicheri Y, et al. Impact of in-
vasive fungal disease on the chemotherapy schedule and 
event-free survival in acute leukemia patients who survi-
ved fungal disease: a case-control study. Haematologica 
2011;96:337-41.

119. �Pagano L, Caira M, Candoni A, et al. Invasive aspergillosis 
in patients with acute myeloid leukemia: a SEIFEM-2008 
registry study. Haematologica 2010;95:644-50.

120. �Pagano L, Busca A, Candoni A, et al. Risk stratification for 
invasive fungal infections in patients with hematological 
malignancies: SEIFEM recommendations. Blood reviews 
2017;31:17-29.

121. �Caira M, Latagliata R, Girmenia C. The risk of infections 
in patients with myelodysplastic syndromes in 2016. Ex-
pert review of hematology 2016;9:607-14.

122. �Caocci G, Voso MT, Angelucci E, et al. Accuracy of physi-
cian assessment of treatment preferences and health status 
in elderly patients with higher-risk myelodysplastic syn-
dromes. Leukemia research 2015;39:859-65.

123. �Wass M, Hitz F, Schaffrath J, Muller-Tidow C, Muller 
LP. Value of Different Comorbidity Indices for Predicting 
Outcome in Patients with Acute Myeloid Leukemia. PloS 
one 2016;11:e0164587.

124. �Ferrara F, Barosi G, Venditti A, et al. Consensus-based 

definition of unfitness to intensive and non-intensive che-
motherapy in acute myeloid leukemia: a project of SIE, 
SIES and GITMO group on a new tool for therapy deci-
sion making. Leukemia 2013;27:997-9.

125. �Radsak M, Platzbecker U, Schmidt CS, Hofmann WK, 
Nolte F. Infectious complications in patients with mye-
lodysplastic syndromes: A review of the literature with 
emphasis on patients treated with 5-azacitidine. European 
journal of haematology 2017;99:112-8.

126. �Trubiano JA, Dickinson M, Thursky KA, et al. Incidence, 
etiology and timing of infections following azacitidine the-
rapy for myelodysplastic syndromes. Leukemia & lympho-
ma 2017;58:2379-86.

127. �Pomares H, Arnan M, Sanchez-Ortega I, Sureda A, Duar-
te RF. Invasive fungal infections in AML/MDS patients 
treated with azacitidine: a risk worth considering antifun-
gal prophylaxis? Mycoses 2016;59:516-9.

128. �Capria S, Gentile G, Capobianchi A, et al. Prospective 
cytomegalovirus monitoring during first-line chemothe-
rapy in patients with acute myeloid leukemia. Journal of 
medical virology 2010;82:1201-7.

129. �Dixon SB, Lane A, O’Brien MM, et al. Viral surveillance 
using PCR during treatment of AML and ALL. Pediatric 
blood & cancer 2018;65.

130. �Ofran Y, Filanovsky K, Gafter-Gvili A, et al. Higher infec-
tion rate after 7- compared with 5-day cycle of azacitidine 
in patients with higher-risk myelodysplastic syndrome. 
Clinical lymphoma, myeloma & leukemia 2015; 15:e95-9.

131. �Sullivan LR, Sekeres MA, Shrestha NK, et al. Epidemio-
logy and risk factors for infections in myelodysplastic syn-
dromes. Transplant infectious disease : an official journal of 
the Transplantation Society 2013;15:652-7.

132. �Khan R, Rudkin P, Grewal K, et al. Cytomegalovirus co-
litis following azacitidine therapy. The Canadian journal 
of infectious diseases & medical microbiology = Journal 
canadien des maladies infectieuses et de la microbiologie 
medicale 2011;22:e21-3.

133. �Zhou G, Houldin AD. Disseminated varicella-zoster vi-
rus infection following azacitidine in a patient with mye-
lodysplastic syndrome. Clinical journal of oncology nur-
sing 2009;13:280-4.

134. �Kondo K, Kaneshima H, Mocarski ES. Human cytomega-
lovirus latent infection of granulocyte-macrophage proge-
nitors. Proceedings of the National Academy of Sciences 
of the United States of America 1994;91:11879-83.

135. �White DW, Suzanne Beard R, Barton ES. Immune modu-
lation during latent herpesvirus infection. Immunological 
reviews 2012;245:189-208.

136. �Choi J, Ritchey J, Prior JL, et al. In vivo administration 
of hypomethylating agents mitigate graft-versus-host di-
sease without sacrificing graft-versus-leukemia. Blood 
2010;116:129-39.

137. �Cooper ML, Choi J, Karpova D, et al. Azacitidine Miti-
gates Graft-versus-Host Disease via Differential Effects 
on the Proliferation of T Effectors and Natural Regulatory  
T Cells In Vivo. Journal of immunology 2017;198:3746-54.

138. �Lalazar G, Rund D, Shouval D. Screening, prevention and 



Risk of infection in elderly patients with AML and MDS treated with hypomethylating agents 39

treatment of viral hepatitis B reactivation in patients with 
haematological malignancies. British journal of haemato-
logy 2007;136:699-712.

139. �Chen CY, Huang SY, Cheng A, et al. High Risk of He-
patitis B Reactivation among Patients with Acute Myeloid 
Leukemia. PloS one 2015;10:e0126037.

140. �Sarmati L, Andreoni M, Antonelli G, et al. Recommen-
dations for screening, monitoring, prevention, prophylaxis 
and therapy of hepatitis B virus reactivation in patients 
with haematologic malignancies and patients who un-
derwent haematologic stem cell transplantation-a position 
paper. Clinical microbiology and infection : the official 
publication of the European Society of Clinical Microbio-
logy and Infectious Diseases 2017;23:935-40.

141. �Lindblad KE, Goswami M, Hourigan CS, Oetjen KA. 
Immunological effects of hypomethylating agents. Expert 
review of hematology 2017;10:745-52.

142. �Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA cli-
nical practice guideline for vaccination of the immuno-
compromised host. Clinical infectious diseases : an official 
publication of the Infectious Diseases Society of America 
2014;58:309-18.

143. �Canadian Immunization Guide Part 3. Vaccination of 
Specific Populations. http://www.phac-aspc.gc.ca/publi-
cat/cig-gci/p03-eng.php.

144. �The Australian Immunisation Handbook 10th Edition. 
http://www.immunise.health.gov.au/internet/immunise/
publishing.nsf/Content/Handbook10-home.

145. �Vaccinations for immunocompromised and asplenic pa-
tients. Recommendations - 2nd edition Dec 2014_http://
www.hcsp.fr/explore.cgi/avisrapportsdomaine.

146. �Sangil A, Xercavins M, Rodriguez-Carballeira M, et al. 
Impact of vaccination on invasive pneumococcal disease in 
adults with focus on the immunosuppressed. The Journal 
of infection 2015;71:422-7.

147. �Mauskopf J, Klesse M, Lee S, Herrera-Taracena G. The 
burden of influenza complications in different high-risk 
groups: a targeted literature review. Journal of medical eco-
nomics 2013;16:264-77.

148. �Trecarichi EM, Pagano L, Candoni A, et al. Current epi-
demiology and antimicrobial resistance data for bacterial 
bloodstream infections in patients with hematologic mali-
gnancies: an Italian multicentre prospective survey. Clini-
cal microbiology and infection : the official publication of 
the European Society of Clinical Microbiology and Infec-
tious Diseases 2015;21:337-43.

149. �Talcott JA, Siegel RD, Finberg R, Goldman L. Risk as-
sessment in cancer patients with fever and neutropenia: 
a prospective, two-center validation of a prediction rule. 
Journal of clinical oncology : official journal of the Ameri-
can Society of Clinical Oncology 1992;10:316-22.

150. �Klastersky J, Paesmans M, Rubenstein EB, et al. The Mul-
tinational Association for Supportive Care in Cancer risk 
index: A multinational scoring system for identifying low-
risk febrile neutropenic cancer patients. Journal of clinical 
oncology : official journal of the American Society of Cli-
nical Oncology 2000;18:3038-51.

151. �Carmona-Bayonas A, Jimenez-Fonseca P, Virizuela Echa-
buru J, et al. Prediction of serious complications in patients 
with seemingly stable febrile neutropenia: validation of the 
Clinical Index of Stable Febrile Neutropenia in a prospec-
tive cohort of patients from the FINITE study. Journal of 
clinical oncology : official journal of the American Society 
of Clinical Oncology 2015;33:465-71.

152. �Lamoth F, Jaton K, Prod’hom G, et al. Multiplex blo-
od PCR in combination with blood cultures for impro-
vement of microbiological documentation of infection 
in febrile neutropenia. Journal of clinical microbiology 
2010;48:3510-6.

153. �Seifert H, Cornely O, Seggewiss K, et al. Bloodstream 
infection in neutropenic cancer patients related to short-
term nontunnelled catheters determined by quantitative 
blood cultures, differential time to positivity, and molecular 
epidemiological typing with pulsed-field gel electrophore-
sis. Journal of clinical microbiology 2003;41:118-23.

154. �Ratzinger F, Haslacher H, Perkmann T, et al. Sepsis bio-
markers in neutropaenic systemic inflammatory respon-
se syndrome patients on standard care wards. European 
journal of clinical investigation 2015;45:815-23.

155. �Manian FA. A prospective study of daily measurement of 
C-reactive protein in serum of adults with neutropenia. 
Clinical infectious diseases : an official publication of the 
Infectious Diseases Society of America 1995;21:114-21.

156. �Rose PE, Johnsdon SA, Meakin M, Mackie PH, Stuart 
J. Serial study of C-reactive protein during infection in 
leukaemia. Journal of clinical pathology 1981;34:263-6.

157. �Yonemori K, Kanda Y, Yamamoto R, et al. Clinical va-
lue of serial measurement of serum C-reactive protein 
level in neutropenic patients. Leukemia & lymphoma 
2001;41:607-14.

158. �Maertens J, Theunissen K, Verbeken E, et al. Prospecti-
ve clinical evaluation of lower cut-offs for galactomannan 
detection in adult neutropenic cancer patients and haema-
tological stem cell transplant recipients. British journal of 
haematology 2004;126:852-60.

159. �Pazos C, Ponton J, Del Palacio A. Contribution of 
(1->3)-beta-D-glucan chromogenic assay to diagnosis and 
therapeutic monitoring of invasive aspergillosis in neutro-
penic adult patients: a comparison with serial screening for 
circulating galactomannan. Journal of clinical microbio-
logy 2005;43:299-305.

Received: 15 February 2018
Accepted: 25 July 2018
Correspondence:
Prof. Livio Pagano
Department of Radiological, Radiotherapeutic
and Hematological Sciences
Foundation Polyclinic A. Gemelli - IRCCS
Università Cattolica del Sacro Cuore, Roma
E-mail: livio.pagano@unicatt.it


