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Abstract

Patients with acute myeloid leukemia (AML) are at high risk for infections due to chemotherapy-
induced neutropenia. AML patients who receive lower dose chemotherapy are typically elderly
patients who have comorbid conditions or have failed initial therapy. Antibiotic prophylaxis use
is not clearly understood in this patient population, but early studies were conducted to study the
incidence of infections and the use of antibiotic prophylaxis to reduce the risk of infections. The
purpose of this literature review was to determine the incidence of infections in patients with
AML, if antibiotic use leads to reduced incidence of infections and the role of antibiotic
prophylaxis in patients with AML who received lower intensity chemotherapy. This review
searched the PubMed database for relevant papers that addressed the research question using the
following search terms: leukemia, infections, febrile neutropenia and chemotherapy. Four
retrospective studies were identified using this approach and are included in this review.
Comparing the four retrospective studies, there was a significant number of patients infected
with Gram negative bacteria and the most common pathogens were Enterobacteriaceae and
Pseudomonas aeruginosa. Increased incidence of infections were observed during cycles 1 and 2
of chemotherapy. In one of the studies, despite use of antibiotic prophylaxis, infections occurred
and induced the growth of antibiotic resistant bacteria. In another study, the use of antibiotic
prophylaxis significantly decreased the incidence of infections in patients with severe
neutropenia. Due to the increased incidence of infections in the early chemotherapy cycles,
antibiotic prophylaxis has a potential role during this time period especially for severely
neutropenic patients. Febrile neutropenia could be the only sign of infection for AML patients so
close monitoring during this time period would allow for early detection of infections and
prompt treatment with antibiotics. Further studies are required in order to clarify the role of
antibiotic prophylaxis, its indication and duration of use in this patient population.
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Introduction

Acute Myeloid Leukemia (AML) is a type of blood cancer which results from malignant
transformation and proliferation of hematopoietic stem cells from the bone marrow (1). It is the
most common type of acute leukemia seen in adults. According to Canadian Cancer Statistics
(2023), an estimated 6,300 Canadians will be diagnosed with leukemia in 2023 and 3,100
Canadians will die from leukemia (2). Between the different types of leukemia, AML is the type
of leukemia that has the poorest 5-year overall survival at 23% (2). The median overall survival
for older patients who received intensive chemotherapy and hypomethylating agents were 11.5
months and 16.2 months respectively in comparison to patients who received supportive care in
which median survival was 1.3 months (3). Patients’ prognosis varied depending on patient
comorbidities, genetic characteristics of the disease and the type of treatment they received.

Treatment for younger patients with AML typically involved intensive induction
chemotherapy with the goal to induce remission (4). Fitness for induction chemotherapy
considered patient’s age, performance status and comorbidities. Patients who were elderly, frail
or have comorbidities were unfit for intensive induction chemotherapy as it was too toxic and led
to increased mortality (5).

The standard of care for patients determined to be unfit for intensive chemotherapy
included azacitidine and venetoclax. Venetoclax, a B-cell lymphoma 2 (BCL-2) inhibitor, was
used in combination with a hypomethylating agent such as azacitidine and this regimen was
recommended as a safe and efficacious treatment alternative to intensive chemotherapy (6).
Recent advances suggested that azacitidine improved overall survival compared to supportive
care despite not achieving complete remission (7). When compared to azacitidine only, the

combination of azacitidine and venetoclax increased the incidence of complete remission and
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overall survival (8). For patients with an FMS-like tyrosine kinase 3 (FLT3) mutation, the most
commonly mutated gene in AML patients, they were resistant to the Azacitidine/Venetoclax
regimen (9). The addition of gilteritinib, an FLT3 inhibitor, decreased resistance for patients
with an FLT3 mutation such that there were higher rates of complete remission and 72% of
patients had an 18-month survival rate. Other medications that were considered as lower dose
chemotherapy included low dose cytarabine, cytarabine and venetoclax, enasidenib and
ivosidenib. Low dose cytarabine and venetoclax were approved for use in Canada in 2020 for
patients >75 years old with newly diagnosed AML (10). This regimen suggested favorable
efficacy and tolerable safety profile (11). Enasidenib, on the other hand, was initially used in
Canada for relapsed/refractory AML patients with an IDH2 enzyme mutation, however it failed
to demonstrate improved overall survival so the drug was withdrawn from the market (12).
Febrile neutropenia has been a common complication of chemotherapy, due to patients
immunocompromised state (13). According to the criteria defined by Infectious Diseases Society
of America, febrile neutropenia was defined as having a fever of a single oral temperature
>38.3°C or temperature of > 38.0 °C for more than one hour and neutropenia was defined as
neutrophil count of <0.5 x 10° or <1 x 10° with a predicted decrease to < 0.5 x 10° (14). High
rates of infections were reported by many studies, however most studies were based on patients
who received intensive chemotherapy. Studies suggested that administration of antibiotic
prophylaxis reduced Gram-negative bloodstream infections and reduced infectious complications
(15, 16). There were limited studies that evaluated infection risk and infectious complications in
patients who received lower intensity chemotherapy. In patients with acute myeloid leukemia
who were treated with venetoclax and hypomethylating agent, researchers found that 74% of

patients experienced infections of varying grades, with pneumonia being the most prevalent type
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(17). Studies like this demonstrated that infection rates were high, but due to the limited
literature on this topic and lack of randomized control trials, it was unknown whether antibiotic
prophylaxis would be beneficial for this patient population.

A retrospective study on antibiotic prophylaxis use in patients who received lower-
intensity chemotherapy associated a significant decrease in infections in AML patients who
received lower intensity therapeutic regimens as a first line treatment (18). Retrospective studies
were limited by their small sample size and retrospective nature. Further research within this
topic was needed in order to assess infection risk and assess the role of antibiotic prophylaxis in
patients with AML who received lower intensity chemotherapy. Since infection risk was high in
this patient population, guidelines on who would benefit from antibiotic prophylaxis is vital for
these patients.

This literature review aimed to understand the infection risk of patients with AML who
received lower intensity chemotherapy. Studies within this patient population were limited but
the hope was to understand infection risk and the role of antibiotic prophylaxis in reducing the
incidence of infections. The main objectives of the study focused on: 1) the role of antibiotic
prophylaxis in AML patients who received lower intensity chemotherapy, 2) the incidence of

infections and 3) if antibiotic use leads to reduced incidence of infections.

Purpose of study
Research question:
What is the role of antibiotic prophylaxis in patients with acute myeloid leukemia who

received lower intensity chemotherapy?
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Objectives:
To better understand if there is a role for antibiotic prophylaxis use in patients with acute
myeloid leukemia receiving lower intensity chemotherapy.
To understand incidence of infections in patients receiving lower intensity chemotherapy.

To understand if antibiotic use leads to reduced incidence of infections.

Methods

a) Study inclusion criteria and characteristics
Inclusion criteria included primary research with records published in English and full-

text access to articles. Research articles which investigated outcomes such as incidence of
bacterial infections, infection risk, infectious complications and antibiotic prophylaxis use were
included in the literature review. Participant size included >5 participants and adult oncology
patients with acute myeloid leukemia. Participants received lower intensity chemotherapy which
may include any of the following: azacitidine and venetoclax, azacitidine (single agent),
cytarabine and venetoclax, low dose cytarabine, gliteritinib, enasidenib and ivosidenib. Studies
were excluded if they were not conducted within the past 10 years.

b) Search strategy and study selection

A literature review was conducted using the PubMed database. The key search terms used
were: leukemia, infections, febrile neutropenia and chemotherapy. The searches were designed
and built as follows: ("Leukemia"[Mesh] OR “acute leukemia” OR “‘acute myeloid leukemia™)
AND (“Infections”[Mesh] OR “infection®*”” OR “infectious complication®*” OR “infection risk™)
AND (“Febrile neutropenia”’[Mesh] OR “febrile neutropenia) AND (“Drug Therapy”’[Mesh] OR

“low intensity therapy” OR “low intensity chemotherapy” OR “less intensive chemotherapy” OR
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"azacitidine"[MeSH Terms] OR Azacitidine[Text Word] OR "Cytarabine"[Mesh] OR
"venetoclax"[All Fields] OR venetoclax[Text Word] OR "gilteritinib"[All Fields] OR
gilteritinib[ Text Word] OR "enasidenib”[All Fields] OR enasidenib[Text Word] OR
"Ivosidenib"[All Fields] OR ivosidenib[Text Word]). This search strategy generated 260 studies
in PubMed. When articles were narrowed down to articles published in the past 10 years, this
generated 158 studies. Due to the paucity of research within this area of literature, the study
included systematic reviews, meta-analysis, clinical trials and randomized control trials. After a
thorough review of the titles and abstracts of 158 studies, 6 studies were identified. The full texts
of the 6 articles were assessed. Out of the 6 articles, 4 articles were included in the review. Flow

diagram of study selection can be found in Figure 1 in the Appendix.

Results

a) Study populations included and excluded from the studies

Study characteristics can be found in Table 1 in the Appendix. Patients in the On et al. study
(19) and Arora et al. study (20) included patients aged >18 years old who were diagnosed with
AML or Relapse/Refractory (R/R) AML and received their first dose of
Venetoclax/hypomethylating agent. As for the Trubiano et al. study (21), the sample population
included patients who were diagnosed with Myelodysplastic Syndrome (MDS) or AML and
received one dose of Azacitidine. Lastly, for the Lorenzana et al. study (22), patients included in
the study were patients who received Azacitidine and diagnosed with either high risk MDS,
low/intermediate MDS with neutropenia and thrombocytopenia or AML.

Only the On study specified specific exclusion criteria. Patients were excluded if they have a

history of prior Venetoclax therapy, previous use of Venetoclax/hypomethylating agent for a
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non-AML indication, use of Venetoclax/hypomethylating agent for consolidation therapy and
history of previous invasive fungal infections.

b) Study design

The On study was a retrospective cohort study on patients who either had a new diagnosis of
AML or R/R AML treated with Venetoclax and a Hypomethylating Agent (HMA) which was
either Azacitidine or Decitabine. Patients included in the study received treatment between the
period of January 2016 and August 2020. Patients’ outcomes were studied during the whole
duration of treatment and 30 days after treatment for patients with a shorter treatment duration
than what was expected. 235 patients were included for the study. 128 patients had newly
diagnosed AML while 107 patients had R/R AML. The chemotherapy regimen for the patients
included 52% of patients who received Venetoclax 400 mg daily and the HMA was decitabine
for 63% of patients while the rest received azacitidine. Other patients who were not on this
regimen received Venetoclax at different doses for a variety of reasons which may include
infections (either active or suspected), myelosuppressive state or drug interactions.

The Trubiano study was a retrospective study of patients who have Myelodysplastic
Syndrome or AML and received Azacitidine as a single agent. Initially, patients received
75mg/m? for 5-7 days and dosing was adjusted according to the treating clinician’s guidance.
Treatment duration was 5-7 days and given at monthly intervals. 68 patients were eligible to be
included in the study. 72% of patients had a diagnosis of MDS while 28% of patients were
diagnosed with AML. Patients received antibiotic prophylaxis at the discretion of the clinician.

The Arora study was a retrospective study of patients with either a new diagnosis of AML or
R/R AML treated with HMA/Venetoclax. Patients included in the study received treatment

between Feb 2017 and May 2021. 106 patients were included in the study. 68% of patients have
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de novo AML, 20.8% have secondary AML and 11.3% therapy-related AML. When patients
were started on their HMA/Venetoclax treatment, most patients were admitted to hospital for
induction. Patients were closely monitored for their WBC count. When WBC count was > 25
x10°%/L, patients were started on HMA/Venetoclax treatment and depending on the HMA they
received, they were discharged on either the 5" day (Decitabine) or 7™ day (Azacitidine).
Patients received outpatient follow up thereafter until cycle 1 of chemotherapy is done.

The Lorenzana study was a retrospective study of patients with higher risk MDS or AML and
received Azacitidine for treatment. For patients with AML, the study required that they must
have >30% blasts in bone marrow aspirates and that they cannot be candidates for a transplant.
60% of patients have MDS, 37% of patients have AML and 4% of patients have Chronic
Myelomonocytic Leukemia. Patients were treated with Azacitidine in the outpatient setting.
Azacitidine was dosed at 75 mg/m? for 7 days. Weekly follow up was done for each patient.
Initially, patients received antimicrobial prophylaxis on the first day of treatment until neutrophil
count was > 0.5 x 10° /L. The antibiotic used was ciprofloxacin and the antifungal was an
extended spectrum -azole. However, prophylaxis was discontinued in 2013 when reports stated
that there was low infection risk and low infection related mortality associated with azacitidine

treatment.

c) Objectives of the study

The main objectives of the Trubiano study (2017) were to assess the incidence of all types of
infections, at what stage of treatment the infections occured and the risks of infection. For the
Arora study (2022), the primary objectives were to identify the incidence of tumor lysis
syndrome and infectious complications specifically for the first cycle of HMA/Venetoclax

therapy. The latter study focused on the first cycle as it was learned that the early cycles were

10
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attributed to higher risk of neutropenia and infections as compared to the later cycles of
chemotherapy. The On study (2022) primarily assessed for incidence of invasive fungal
infections and their secondary outcomes included incidence of bacterial infections. Lastly, as for
the Lorenzana study (2017), the primary objectives were to assess the incidence of infections as
well as morbidity and mortality. This was the only study among the four studies in this literature
review that also assessed antibiotic prophylaxis in this specific population.

d) Incidence of bacterial infections, causative pathogens and infection types

The incidence of bacterial infections in the On study comprised of 110 documented bacterial
infections and affected 33.6% of their patient population. As for the Arora study, 39% of the
patient population had known infection prior to the beginning of chemotherapy and 24.5%
developed a new infection during the first cycle of chemotherapy. For this study, new infections
were defined as either an infection which started after chemotherapy initiation or a different type
of infection for patients with a pre-existing infection. The Trubiano study quantified incidence of
infections within the total number of chemotherapy cycles where 14% of azacitidine cycles had
at least one episode of infection. There were 49 confirmed bacterial infections within the 884
cycles of azacitidine therapy in the Trubiano study. Similarly, the Lorenzana study quantified
incidence of infections in terms of the total number of treatment cycles. According to the
Lorenzana study, 21% of treatment cycles were complicated with infectious events and affected
43% of the patient population.

The major bacterial causative pathogen found in the Trubiano study were Gram-negative
pathogens. According to the On study, 47.7% of bacterial infections originated from

Enterobacteriaceae, 4.7% originated from Pseudomonas aeruginosa and 1.2% were Methicillin
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resistant Staphylococcus aureus. Similarly, the Lorenzana study found that two of the most
common bacterial pathogens were Pseudomonas aeruginosa and Escherichia coli.

The most common type of infection seen in the Trubiano study and Arora study was
pneumonia. Other types of infection observed in the Trubiano study included upper respiratory
tract infections in 2.9% of the patients, skin and soft tissue infections in 2.4% of patients, urinary
tract infections in 1.6% of patients and intraabdominal infections in 1.6% of patients. The patient
population in the Arora study were infected with cellulitis, urinary tract infections, colitis and
bacteremia. The On study found that bacteremia was the most common infection type seen in
41% of the patient population and pneumonia was the second most common type of infection
observed in 23% of the patients. Similar to the Trubiano study, the On study also found 20% of
patients were infected with urogenital infections (20%) and intrabdominal abscesses (4.6%). The
On study also had a small number of patients infected with extra abdominal abscesses as seen in
12% of patients. As for the Lorenzana study, the two most common types of infection included
respiratory infections in which majority of patients (10 out of 18 cases of respiratory infections)
had pneumonia and the second infection type was urinary tract infections.

e) Timing of infections

As stated in the Arora study, there was a high incidence of infections during the first cycle of
chemotherapy and patients were admitted to hospital during this time period. The study focused
on the incidence of infectious complications during the first cycle of chemotherapy. In the
Lorenzana study, they provided a brief timeline that the first four treatment cycles of
chemotherapy posed as a high risk period for bacterial infections. The On study observed that
majority of the infections occurred during the first two cycles of Venetoclax/HMA therapy.

Similarly, the Trubiano study suggested similar results where there was an increased number of

12
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bacterial infections in the first two cycles of Azacitidine therapy. In cycle 1, it was observed that
there was 23.1 bacterial infections in the patient population followed by 25 bacterial infections in
cycle 2. There were 14.1 bacterial infections in cycle 3 and decreased bacterial infections in

subsequent cycles.

f) Febrile neutropenia and infection

Neutropenia was common and as much as 94% of the patients in the On study became
neutropenic throughout the duration of chemotherapy. 54% of patients required hospitalization
for febrile neutropenia. In the Arora study, patients most often developed an infection during
neutropenic periods and this was observed in 81% of the patient population. The Lorenzana
study described that two factors related to infectious events: low neutrophil counts at the
beginning of the cycle and longer duration of neutropenia. Febrile neutropenia episodes
commonly occurred during the first five cycles of chemotherapy and observed in 69% of patients

in the Trubiano study.

g) Antibiotic prophylaxis use or role?

In the Trubiano study, 31% of patients received antimicrobial prophylaxis in the form of
antibiotic, antiviral and antifungal prophylaxis. For antibiotic prophylaxis, 2.1% of patients
received trimethoprim/sulfamethoxazole and there was an increase in use of
trimethoprim/sulfamethoxazole in patients that had prior chemotherapy. In the On study, a
number of patients received antibiotic prophylaxis and despite that, there were 35 infections that
occurred. A total of 30 patients received antibiotic prophylaxis and within this group, 3 patients
were infected with bacteria that was resistant to the antibiotic that they received as prophylaxis.
Similarly, in the Lorenzana study, 41% of patients received antimicrobial prophylaxis and

patients who received prophylaxis developed severe disease characteristics and were more

13
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neutropenic. However, when the effect of prophylaxis was restricted to patients with low
neutrophil counts (< 0.5x10° /L), administration of antimicrobial prophylaxis was associated
with decreased incidence of infections.
Discussion

a) Differences between patient populations (newly diagnosed AML vs high risk MDS vs R/R)

Due to the paucity of data within the topic of infection risk in patients who received lower
dose chemotherapy, there was a variety in terms of the diagnosis for the sample of patients
included in the four studies. All four of the studies included patients with newly diagnosed
AML. However, the Arora and On study also included patients with R/R AML that received
Venetoclax/HMA as second line therapy. The Trubiano and Lorenzana study included patients
with myelodysplastic syndrome. These differences in patient population led to differences in
infection risk. In the On study, 54.4% of patients with R/R AML had bacterial infections while
45.6% of patients with newly diagnosed AML had bacterial infections. It was interesting to note
that patients with R/R AML display increased incidence of infections. The On study did not
describe differences in age and comorbid conditions between patients with R/R AML and newly
diagnosed AML. However, studies have shown that R/R AML patients tend to be younger in age
and have less comorbid conditions compared to elderly patients with newly diagnosed AML (20,
23). The increase in infections could be attributed to the prolonged disease course of patients
with relapsed/refractory AML and prolonged immunosuppressed state compared to those with
newly diagnosed AML.

In the Trubiano study, 36.8% of patients received chemotherapy prior to Azacitidine
treatment and there was an observed increase in infectious episodes in this subset of patients. In

cycle 3, 33.3% of patients had at least one infectious episode compared to 16% in patients
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without prior chemotherapy. Similar to the R/R AML patients, patients who received previous
chemotherapy had a prolonged chemotherapy-induced neutropenia which placed them at a
prolonged immunosuppressed status and increased their risk for infections. When comparing the
patients between these four studies, it was important to consider these differences in their

diagnoses as it allowed us to interpret differences in their infection risk.

b) Timing of infections and possible role of antibiotic prophylaxis

Between the four studies, there was a higher incidence of infections during the first cycles of
chemotherapy. Majority of infections occurred during the first two cycles of chemotherapy (19)
and observed a decrease in infections in chemotherapy cycles 4 and 5 (21). These findings
highlighted that the early cycles of lower intensity chemotherapy was a high risk period and
displayed the importance of increased monitoring of patients for infections during the first three
cycles. Without prior studies in this topic, it is difficult to elucidate if there could be a role for
antibiotic prophylaxis during this time period. In the On study, despite receiving antibiotic
prophylaxis, infections were observed and induced the growth of antibiotic resistant pathogens.
Out of 235 patients included in the On study, 30 patients received antibiotic prophylaxis so the
growth of antibiotic resistant pathogens was observed in 3 patients (10%) only. This was a very
small sample size and thus, further studies were required in order to fully explain if antibiotic
resistance could be considered as a major deterrent to antibiotic prophylaxis use in this patient
population.

More studies on antibiotic prophylaxis use were conducted in patients who received high
intensity chemotherapy. Antibiotic prophylaxis was studied in patients who received
intermediate and high dose cytarabine and the antibiotic prophylaxis group was associated with

higher rates of bacteremia in cycle 1 and required hospitalization for infections due to resistant
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pathogens (24). Similarly, out of all hematological malignancies, acute myeloid leukemia was
the type of blood cancer with the highest number of infections due to carbapenem resistant
bacteria (21). Increased growth of resistant bacteria was attributed to factors such as altered
immune status of patients and neutropenic state. Patients with malignancies often had altered
immune status and for patients with AML, chemotherapy induced neutropenia. Thus, it was
difficult to use these two factors alone to assess the growth of resistant bacteria. However, these
two factors could help identify patients who were more at risk for infections. When this
information was coupled with the information that infections were more prevalent in early
chemotherapy cycles, frequent assessments for neutropenia could be done during the first three
cycles of chemotherapy. Assessment of neutropenia could occur in the form of frequent
outpatient follow-ups or admission to hospital for high risk patients.

c) Neutropenic state, infection and antibiotic prophylaxis

Neutropenia was common during chemotherapy with up to 94% of patients developed
neutropenia during chemotherapy (19). Neutropenia predisposed patients to the development of
infection and 69% of patients developed an episode of neutropenia during the first five cycles of
chemotherapy (17). In patients who received high dose chemotherapy, antibiotic prophylaxis
was recommended for patients who were expected to have prolonged (>7 days) and profound
neutropenia (ANC < 100 cells/mm?) (14). For patients who received high dose chemotherapy, a
number of studies described that there was benefit to receiving antibiotic prophylaxis when
patients become neutropenic (14, 26). For patients who received lower dose chemotherapy, there
were no studies to date which described the role of antibiotic prophylaxis for neutropenic
patients receiving lower dose chemotherapy. Patients who received lower dose chemotherapy

were fragile patients based either on their age and/or comorbid conditions and administration of
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antibiotic prophylaxis when a patient became neutropenic posed as a good strategy to combat
infections. Patients who received lower dose chemotherapy and antibiotic prophylaxis was
associated with a significant decrease in the incidence of infections in severe neutropenic
patients (22). This described a potential role for use of antibiotic prophylaxis in reducing
infections for patients who were severely neutropenic. This was similar to the guideline proposed
for patients receiving high dose chemotherapy (14). However, although antibiotic prophylaxis
use is significantly associated with decreased infections in neutropenic patients, the Lorenzana
study was a retrospective study and had a small sample size of 76 patients. This begs the
question whether this has the potential to be generalized to a larger population and whether
similar results could be obtained in prospective studies.

Antibiotic prophylaxis comes with its own risks as it may induce growth of resistant bacteria,
promote Clostridium difficile infections and medication toxicities (24). These factors are required
to be seriously considered especially for this patient population because such infections and
medication toxicities have the potential to lead to hospitalizations. This could translate to
exposure to hospital-acquired infections, delay in chemotherapy, and poor quality of life.

d) Clinical practice implications

Based on the four studies in this literature review, there was a consensus that the early cycles
of chemotherapy was a high risk period for infections. No clear guidelines were present as to the
proper protocol in terms of reducing the incidence of infections during this time period.
However, as proposed in the Arora study and Trubiano study, some patients could benefit from
hospital admissions to allow for closer observations in order to detect infections early. Through
early detection of infections, prompt empiric antibiotic treatment could be started and possibly,

shorter duration of hospital admission, reduced need for interventions such as blood transfusions

17
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and decreased delay in chemotherapy. All these factors could contribute to better quality of life
for patients.

However, if patients were required to be admitted to hospital for closer observation of
possible infections, this could lead to increased costs to healthcare facilities, hospital-acquired
infections and medication toxicities from antibiotic prophylaxis. In this patient population, these
drawbacks could be sufficient to consider not admitting patients to hospital simply for close
observation. It was unclear whether antibiotic prophylaxis would be appropriate within this
patient population. The risk of infection was high, especially in patients who were neutropenic,
and infectious complications such as sepsis were associated with high risk of mortality (17).
Antibiotic prophylaxis had the potential to decrease infections, but the indication and duration of
antibiotic prophylaxis for this specific patient population was yet to be studied. When compared
to the guidelines for patients receiving high dose chemotherapy, the indication to start antibiotic
prophylaxis included prolonged and profound neutropenia (14). It would be reasonable to apply
this to patients receiving lower dose chemotherapy as we have seen in the Lorenzana study
where administration of antibiotic prophylaxis has led to significant decrease in infections for
patients with low neutrophil count below 0.5 x 10° /L. In patients who were already neutropenic,
infections could be decreased by using antibiotic prophylaxis which allowed for decreased need
for hospitalizations and allowed for continuation of chemotherapy. By cycles 4 and 5 of
chemotherapy, there was an observed decrease in infections (21). In the later cycles of
chemotherapy, it was expected that there would be a decreased requirement for antibiotic

prophylaxis and decreased monitoring of patients for neutropenia.

18



Castro_Daniella_Capstone 2024

Limitations

All studies included in this literature review were retrospective studies. No randomized
controlled trials have been conducted to assess the role of antibiotic prophylaxis in patients
receiving lower dose chemotherapy. The small sample sizes for the studies made it difficult to
have significant associations between the different outcomes studied. Another factor that was a
limitation of the review was that there was no consistency in terms of patient population between
the four studies included which made direct comparison of infection risk between the patient
populations difficult. Lastly, there were differences in institution specific practices including

follow-up and administration of antibiotic prophylaxis.

Conclusion

Infections continued to be a major concern for patients with acute myeloid leukemia due to
the high risk of mortality in patients who acquired infections (17). Infection prevention through
antibiotic prophylaxis in this patient population remained to be a topic that was not well studied
in the literature. In this literature review, infection prevention for patients who received lower
dose chemotherapy was crucial during the early cycles of chemotherapy where infection risk was
high. In the first three cycles of chemotherapy, frequent follow up appointments and closer
monitoring were beneficial for patients in order to detect infections early and to begin prompt
treatment. In patients with acute myeloid leukemia, febrile neutropenia was the only sign of
infection which makes close monitoring of fever and white blood cell count imperative for this
patient population.

Antibiotic prophylaxis may be beneficial for this patient population given that they tend to be
frail patients with comorbidities or have failed initial therapy. Similar to patients receiving high

dose chemotherapy, antibiotic prophylaxis could be considered in patients expected to have
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prolonged or profound neutropenia. However, without randomized controlled trials and further
studies in this topic, there were no clear guidelines on the indication and duration of antibiotic
prophylaxis for this patient population. The retrospective studies in this literature review provide
guidance for future research studies in order to better understand the role of antibiotic

prophylaxis in AML patients who received lower dose chemotherapy.
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Appendix
Figure 1. Study selection.

Records identified through PubMed
database search (n = 260)

A 4

Records filtered to articles between 2014-
2024, article titles and abstracts were
screened
(n =158)
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A 4

Full articles assessed for eligibility
(n =6)

\ 4

A 4

Studies included in review
(n=4)

A 4

Records excluded if studies were
conducted in pediatric patients, did
not utilize lower dose
chemotherapy, and did not assess
incidence of bacterial infections.
(n=152)
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Table 1. Study characteristics of the articles used in the literature review including study type,

sample population, sample size, study duration, chemotherapy used, primary objective and

secondary objective.
Study and year Lorenzana 2017 Trubiano 2017 On 2022 Arora 2022
Study type Retrospective Retrospective Retrospective

Retrospective

Newly diagnosed

Primary objective

incidence, morbidity
and mortality of
inefectious events

infection types,
infections per cycle,
timing of infections
andriskfactorsand
outcomes
associated with
infection episodes

Newly diagnosed Acute Acute Myeloid
Myelodysplastic Myelodysplastic Myeloid Leukemia and Leukemia and
Syndrome and Acute | Syndrome and Acute | Relapsed/Refractory | Relapsed/Refractory
Myeloid Leukemia Myeloid Leukemia Acute Myeloid Acute Myeloid
Sample population patients patients Leukemia Leukemia
Sample size 76 68 235 106
December 2007 to March 2002toJuly |January2016to August | February 2017 to May
Study duration October 2016 2013 2020 2021
Venetoclax/Hypomethy| Venetoclax/Hypomet
Chemotherapy Azacitidine Azacitidine lating agent hylating agent
frequency of

incidence and
characterisation of
invasive fungal
infections

Incidence of tumor
lysis syndrome and
infectious
complications during
first cycle of
chemotherapy

Secondary objective

incidence of bacterial
infections, disease
response to
chemotherapy,
incidence of
neutropenia and febrile
neutropenia, and
hospitalisations
related to neutropenic

fever

role of Venetoclax
ramp-up inreducing
the risk of TLS

22



Castro_Daniella_Capstone 2024

References

1.

10.

11.

12.

13.

14.

Larson RA, Uy G. Acute myeloid leukemia: Induction therapy in medically unfit adults.
In: Rosmarin, AG editor. UpToDate. Waltham, MA: UpToDate; 2023 [cited 2023 Nov
26]

Canadian Cancer Society / Société canadienne du cancer. Canadian Cancer Statistics
[Internet]. [place unknown: publisher unknown]; 2023 [cited 2023 Nov 26]. Available
from: https://cancer.ca/en/cancer-information/cancer-types/leukemia/statistics

Sharplin K, Wee LYA, Singhal D, Edwards S, Danner S, Lewis I, et al. Outcomes and
health care utilization of older patients with acute myeloid leukemia. Journal of Geriatric
Oncology. 2021 Mar 1;12(2):243-9.

Webster JA, Pratz KW. Acute myeloid leukemia in the elderly: therapeutic options and
choice. Leukemia and Lymphoma. 2018 Feb 1;59(2):274-87.

Appelbaum FR, Gundacker H, Head DR, Slovak ML, Willman CL, Godwin JE, et al.
Age and acute myeloid leukemia. Blood. 2006 May 1;107(9):3481-5.

Pratz KW, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, Dohner H, et al. Long-term
follow-up of VIALE-A: Venetoclax and azacitidine in chemotherapy-ineligible untreated
acute myeloid leukemia. American Journal of Hematology. 2024 Apr 1;99(4):615-24.
Dombret H, Seymour JF, Butrym A, Wierzbowska A, Selleslag D, Jang JH, et al.
International phase 3 study of azacitidine vs conventional care regimens in older patients
with newly diagnosed AML with >30% blasts. Blood. 2015 Jul 16;126(3):291-9.
DiNardo CD, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, Wei AH, et al. Azacitidine
and Venetoclax in Previously Untreated Acute Myeloid Leukemia. New England Journal
of Medicine. 2020 Aug 13;383(7):617-29.

Short NJ, Daver N, Dinardo CD, Kadia T, Nasr LF, Macaron W, et al. Azacitidine,
Venetoclax, and Gilteritinib in Newly Diagnosed and Relapsed or Refractory FLT3 -
Mutated AML . Journal of Clinical Oncology. 2024 May 1;

Cision. Health Canada Approves VENCLEXTA (Venetoclax) in combination with
azacitidine or low dose cytarabine for untreated Acute Myeloid Leukemia (AML)
[Internet]. [Montreal, ON: AbbVie]; 2020 [cited 2024 May 13]. Available from:
https://www.newswire.ca/news-releases/health-canada-approves-venclexta-r-venetoclax-
in-combination-with-azacitidine-or-low-dose-cytarabine-for-untreated-acute-myeloid-
leukemia-aml--828572672.html

Wei AH, Montesinos P, Ivanov V, Dinardo CD, Novak J, Laribi K, et al. 13 Evaggelismos
General Hospital, Athens Greece; 14 Nizhny Novgorod Regional Clinical Hospital
[Internet]. 2020. Available from: www.clinicaltrials.gov

IDHIFA (enasidenib mesylate) — Market Withdrawal and Continued Access [Internet].
[place unknown: Health Canada]; 2023 [updated 2023; cited 2024 May 13]. Available
from: https://recalls-rappels.canada.ca/en/alert-recall/idhifa-enasidenib-mesylate-market-
withdrawal-and-continued-access

Hamalainen S, Kuittinen T, Matinlauri I, Nousiainen T, Koivula I, Jantunen E.
Neutropenic fever and severe sepsis in adult acute myeloid leukemia (AML) patients
receiving intensive chemotherapy: Causes and consequences. Leukemia and Lymphoma.
2008 Mar;49(3):495-501.

Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, et al. Clinical
Practice Guideline for the Use of Antimicrobial Agents in Neutropenic Patients with
Cancer: 2010 Update by the Infectious Diseases Society of America. Clinical Infectious

23


https://cancer.ca/en/cancer-information/cancer-types/leukemia/statistics
https://www.newswire.ca/news-releases/health-canada-approves-venclexta-r-venetoclax-in-combination-with-azacitidine-or-low-dose-cytarabine-for-untreated-acute-myeloid-leukemia-aml--828572672.html
https://www.newswire.ca/news-releases/health-canada-approves-venclexta-r-venetoclax-in-combination-with-azacitidine-or-low-dose-cytarabine-for-untreated-acute-myeloid-leukemia-aml--828572672.html
https://www.newswire.ca/news-releases/health-canada-approves-venclexta-r-venetoclax-in-combination-with-azacitidine-or-low-dose-cytarabine-for-untreated-acute-myeloid-leukemia-aml--828572672.html

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Castro_Daniella_Capstone 2024

Diseases [Internet]. 2011 Feb 15;52(4):e56-93. Available from:
https://doi.org/10.1093/cid/cir073

Kern W v., Weber S, Dettenkofer M, Kaier K, Bertz H, Behnke M, et al. Impact of
fluoroquinolone prophylaxis during neutropenia on bloodstream infection: Data from a
surveillance program in 8755 patients receiving high-dose chemotherapy for
haematologic malignancies between 2009 and 2014. Journal of Infection. 2018 Jul
1;77(1):68-74.

Owattanapanich W, Chayakulkeeree M. Efficacy of levofloxacin as an antibacterial
prophylaxis for acute leukemia patients receiving intensive chemotherapy: a systematic
review and meta-analysis. Hematology (United Kingdom). 2019 Jan 1;24(1):362-8.
Dinardo CD, Pratz K, Pullarkat V, Jonas BA, Arellano M, Becker PS, et al. Venetoclax
combined with decitabine or azacitidine in treatment-naive, elderly patients with acute
myeloid leukemia [Internet]. 2019. Available from: www.abbvie.com/our-
science/clinical-trials/clinical-trials-data-and-

Bainschab A, Quehenberger F, Greinix HT, Krause R, Wolfler A, Sill H, 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 Mar
1;42:47-51.

On S, Rath CG, Lan M, Wu B, Lau KM, Cheung E, et al. Characterisation of infections
in patients with acute myeloid leukaemia receiving venetoclax and a hypomethylating
agent. British Journal of Haematology. 2022 Apr 1;197(1):63-70.

Arora S, Zainaldin C, Bathini S, Gupta U, Worth S, Bachiashvili K, et al. Tumor lysis
syndrome and infectious complications during treatment with venetoclax combined with
azacitidine or decitabine in patients with acute myeloid leukemia. Leukemia Research.
2022 Jun 1;117.

Trubiano JA, Dickinson M, Thursky KA, Spelman T, Seymour JF, Slavin MA, et al.
Incidence, etiology and timing of infections following azacitidine therapy for
myelodysplastic syndromes. Leukemia and Lymphoma. 2017 Oct 3;58(10):2379-86.
Lorenzana N, Avila LF, Alonso S, Colado E, Bernal T. The impact of antimicrobial
prophylaxis in morbidity and infections during azacitidine treatment. Annals of
Hematology. 2017 Nov 1;96(11):1833-40.

Dhopeshwarkar N, Igbal S, Wang X, Salas M. A Retrospective Study of Comorbidities
and Complications in Elderly Acute Myeloid Leukemia Patients in the United States.
Clinical Lymphoma, Myeloma and Leukemia. 2019 Aug 1;19(8):e436-56.

Vale CA, Egan PC, Ingham R, Farmakiotis D, Reagan JL. Antibiotic use during
cytarabine consolidation in acute myeloid leukemia. Annals of Hematology. 2021 Jan
1;100(1):79-84.

Lalaoui R, Javelle E, Bakour S, Ubeda C, Rolain JM. Infections Due to Carbapenem-
Resistant Bacteria in Patients With Hematologic Malignancies. Vol. 11, Frontiers in
Microbiology. Frontiers Media S.A.; 2020.

Leibovici L, Paul M, Cullen M, Bucaneve G, Gafter-Gvili A, Fraser A, et al. Antibiotic
prophylaxis in neutropenic patients: New evidence, practical decisions. VVol. 107, Cancer.
2006. p. 1743-51

24



	Abstract
	Introduction
	Purpose of study
	Methods
	a) Study inclusion criteria and characteristics
	b) Search strategy and study selection

	Results
	a) Study populations included and excluded from the studies
	b) Study design
	c) Objectives of the study
	d) Incidence of bacterial infections, causative pathogens and infection types
	e) Timing of infections
	f) Febrile neutropenia and infection
	g) Antibiotic prophylaxis use or role?

	Discussion
	a) Differences between patient populations (newly diagnosed AML vs high risk MDS vs R/R)
	b) Timing of infections and possible role of antibiotic prophylaxis
	c) Neutropenic state, infection and antibiotic prophylaxis
	d) Clinical practice implications

	Limitations
	Conclusion
	Appendix
	Figure 1. Study selection.

	References

