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Patients with hematologic malignancies are at increased risk of infection, with associatedmorbidity and mortality. Patients
with acute myeloid leukemia (AML) have qualitative and quantitative deficits in granulocytes predisposing to bacterial and
fungal infections. Acute lymphoblastic leukemia results in qualitative deficits in lymphocytes, resulting in hypogamma-
globulinemia and reduced cell-mediated immunity predisposing to certain bacterial and viral as well as fungal infections.
Chemotherapeutic regimens often compound these deficits, result in prolonged periods of severe neutropenia, and disrupt
mucosal barriers, further elevating infection risk. Despite advances in antimicrobial therapies and prophylaxis, acute
leukemia patients with disease- and treatment-related immunosuppression remain at risk for life-threatening infection,
including with resistant organisms, antimicrobial-related adverse events, and higher treatment costs. Additionally, our
knowledge of infection risk and drug-drug interactions with new immune-targeted cancer therapeutics is evolving. Here,
we review 3 areas in which standard practice is evolving as challenges arise and new experience is gained, including
antibiotic use in febrile neutropenia, fungal prophylaxis, and use of targeted therapies.

LEARNING OBJECTIVES

• Review the management of febrile neutropenia including early de-escalation of broad-spectrum antibiotics
• Review important issues in prophylaxis of fungal infections in patients with acute leukemia
• Review infection risk and management considerations with some targeted therapies for treatment of acute
leukemia

Introduction
Neutrophils are a critical component of the innate immune
system. Qualitative deficits from the underlying malig-
nancy compounded by periods of neutropenia from che-
motherapeutic agents are major risk factors for development
of bacterial and fungal infections in patients with acute leu-
kemia. The degree andduration of neutropenia correlatewith
infection risk, particularly for invasive fungal infections. Anti-
microbial prophylaxis is used to reduce the risk of life-
threatening bacterial and fungal infections, particularly in
patients with disruption of the gutmucosa. During treatment,
most patients experience long-term antimicrobial exposure,
which can lead to adverse effects, drug-drug interactions,
added costs, altered gut microbiome, and increased risk for
infectionwithmultidrug-resistant organisms requiring shifts in
management strategies. Additionally, the chemotherapeutic
field is changing as well, with increasing use of immune-
targeted therapies for treatment of acute leukemia. These
therapeutics act on many different targets and with a

theoretical consequent risk of infection, though it is often
difficult to ascertain true infectious risk given confounding risk
from underlying disease state and prior immunosuppressive
therapies. As experience is gained with targeted therapies,
there is growing evidence for an association with some
agents and susceptibility to infection, whereas for others,
clear correlation is lacking. Identifying the best practice for
prevention and management of infectious complications
during treatment of acute leukemia in this changing land-
scape creates a clinical challenge requiring the collaboration
of specialists in infectious diseases, hematology, and
pharmacy.

Clinical case
A 56-year-old man with no past medical history presented
to his primary physician with 2 months of progressive fa-
tigue. Laboratory tests revealed a “very high white count”
and he was referred to the emergency department. His
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white blood cell count was 83.5 × 103/μL of blood with 65%
blasts, his hemoglobin was 8.4 g/dL, and his platelet count was
35 × 109/L. A bone marrow biopsy revealed a hypercellular
marrow (>95% cellularity) with 50% myeloid blasts with normal
cytogenetics. He received 7+3 induction with cytarabine and
daunorubicin, with levofloxacin, posaconazole, and acyclovir
as antimicrobial prophylaxis. His course was complicated by
febrile neutropenia (FN), treated with empiric cefepime. His
fever resolved and no infectious agent was identified after 72
hours; cefepime was de-escalated to levofloxacin until neu-
tropenia resolved. He achieved complete remission and un-
derwent postremission chemotherapy.

Antibiotics for FN and their de-escalation
FN occurs in >80% of patients undergoing chemotherapy for
acute leukemia. Despite improved diagnostic abilities in the
last decade, an infectious etiology is identified in <50% of
episodes.1,2 Empiric broad-spectrum antibiotic (BSA) therapy is
universally recommended in patients with FN.3-5 Many studies
have evaluated the best treatment regimens, and a number of
consensus practice guidelines with stratified antibiotic recom-
mendations are available. However, there is no consensus on
duration of empiric treatment when patients clinically improve
and no infectious etiology is identified.3,6-8 Based on prior
guidance, practice has typically been to continue antibiotics
until resolution of both symptoms and neutropenia4; we now
recognize increasingly that in patients with prolonged neu-
tropenia, this leads to long-term antibiotic exposure, which can
be associated with antibiotic-related adverse events, selection
for multidrug-resistant organisms, and alteration of the micro-
biome. The concept of earlier de-escalation or discontinuation
of BSAs is not new. A number of small studies indicate that de-
escalation after 72 hours is safe in clinically stable patients with
no infection identified, regardless of ongoing neutropenia and in
some cases ongoing fever.9-14 In recent years, early de-escalation
has gained more traction. Guidelines from the European Con-
ference on Infections in Leukemia advocate de-escalation after
48 hours if no infection is identified, regardless of anticipated
duration of neutropenia.3 Since then, there have been additional
attempts to assess the safety and feasibility of this approach.
Studies have varied in methodology, but all have concluded that
de-escalation to prophylaxis in patients with resolution of fever
and no documented infection after 48 to 72 hours does not lead
to a significant increase in subsequent bacterial infections,
clinical decompensation, or in-hospital mortality.12,15-19 National
Comprehensive Cancer Network (NCCN) guidelines now also
suggest that clinically stable patients with persistent neu-
tropenia without fever can be evaluated for discontinuation or
de-escalation of BSAs to prophylaxis in some settings.5

Fungal prophylaxis
Invasive fungal infections (IFIs) are a major cause of morbidity
and mortality in patients with acute leukemia. Patients with
acute myeloid leukemia (AML) in particular are at increased risk
of IFIs due to profound and prolonged duration of neutropenia,
as well as the use of purine analogs in treatment.20 Azoles are the
most common agents used for prevention and treatment of
fungal infections during chemotherapy. Fluconazole, a first-
generation triazole, is commonly used due to low cost and
toxicity, but emergence of resistantCandida species and lack of
activity against molds are limitations. Fluconazole is effective in

decreasing Candida infection in transplantation and in patients
with graft-versus-host disease, but studies have not shown
benefit in preventing invasive mold infections.20-22 Voriconazole is
a second-generation triazole that has activity against some op-
portunistic molds and is a first-line agent for treatment of invasive
aspergillosis. Voriconazole has not been approved for use as
primary prophylaxis, with studies showing a non–statistically
significant trend toward decreased IFI incidence compared with
fluconazole.23 Voriconazole has excellent bioavailability, although
use is complicated by toxicities and drug-drug interactions.21

Posaconazole is another second-generation, extended-
spectrum triazole with activity against Candida and Aspergillus
spp, as well as other invasive molds including Fusarium and
Mucorales. In several studies, including a multicenter random-
ized trial, prophylaxis with posaconazole in neutropenic patients
with AML or myelodysplastic syndrome receiving induction
chemotherapy significantly reduced the rate of IFIs (2% vs 8%;
P < .001) and showed survival benefit (P = .04) when compared
with fluconazole and itraconazole.24 Posaconazole is now rec-
ommended for primary fungal prophylaxis in patients with AML
undergoing induction chemotherapy.5,25,26 The newer formula-
tion of posaconazole with the extended-release tablet allows for
better bioavailability compared with the oral suspension.27-29

Breakthrough IFIs have occurred, particularly at lower serum
levels, thus therapeutic drug monitoring (TDM) may be war-
ranted in obese patients or in those with concern for poor
absorption.30 A trough level after 5 to 7 days of therapy with a
goal concentration of >0.7 μg/mL is recommended. Although to
a lesser degree than voriconazole, posaconazole is a potent
cytochrome P450 3A (CYP3A) inhibitor that can complicate its
use with other CYP3A substrates, resulting in increased bio-
availability of many drugs leading to toxicity.31 Isavuconazole is a
newer second-generation azole approved for treatment of both
invasive aspergillosis and invasive mucormycosis. It is available in
oral and IV formulations, has a broad spectrum of activity, and has
a more favorable adverse effect profile and less significant drug-
drug interactions comparedwith other triazoles. It is not routinely
used for prophylaxis, although 1 study demonstrated safety and
tolerability for use in high-risk patients.32 Unlike other triazoles,
isavuconazole does not induce prolongation of the QTc interval,
but rather a dose-dependent shortening of unclear clinical sig-
nificance, and thus may be an alternative option in high-risk pa-
tients limited by toxicity or baseline QTc prolongation.33

Although mold-active antifungal prophylaxis has become
standard of care during neutropenic periods of most AML
treatment regimens, there is no similar standardized recom-
mendation during acute lymphoblastic leukemia (ALL) treat-
ment. Patients with ALL are at intermediate to high risk, with the
rate of IFIs ranging between 3% and 12%,21 with higher rates in
patients with longer duration of neutropenia, absence of anti-
fungal prophylaxis, and relapsed disease. The strong inhibition
of CYP3A4 by mold-active azoles can lead to significant toxicity
when administered with several chemotherapy classes, partic-
ularly vinca alkaloids and alkylating agents, and targeted ther-
apies such as tyrosine kinase (TK) inhibitors, which are mainstays
in the chemotherapy regimens for ALL. In many instances, the
azole would need to be discontinued prior to the chemotherapy
initiation and not restarted until the chemotherapy agent has
been discontinued and eliminated. In high-risk patients, the
alternative use of an echinocandin or liposomal amphotericin
may be warranted.3,5
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Clinical case (continued)
At follow-up 9 months later, the patient’s laboratory tests
showed pancytopenia. A bone marrow biopsy showed a
60% cellular marrow with 80% myeloid blasts. The next-
generation sequencing hematologic malignancy panel
showed NPM1-W290Sfs*10 (variant allele frequency, 25%) and
IDH2-R140Q (variant allele frequency, 43%). He was started on
enasidenib and Infectious Diseases was consulted to determine
antimicrobial prophylaxis.

Infection risks in targeted therapies
Biological-targeted therapies are those designed to act on a
therapeutic target considered important in the pathogenic
process of the disease. In recent years, an increasing repertoire
of agents has changed the landscape of therapeutics for acute
leukemias. As more experience is gained with these targeted
drugs, there is growing evidence for an increased association
between some agents and susceptibility to infection, whereas

for others, clear correlation with infectious risk is lacking.
Complicating the picture, many agents are being used for awide
array of disease processes, often in combinations and in the
setting of numerous prior chemotherapy regimens and relapse
making it difficult to delineate association with infectious risk
(Table 1).

Therapeutics for AML
Ivosidenib and enasidenib are small-molecule inhibitors of mu-
tant isocitrate dehydrogenase 1 (IDH1) and IDH2, respectively,
and may be used to treat relapsed or refractory AML. Thus far,
small studies to assess efficacy and safety have not demon-
strated a clear increased risk for infection. This class is a sub-
strate of CYP3A4 and when used in combination with strong
inhibitors such as posaconazole, serum concentrations of the
drug may be increased. Current recommendation is to avoid use
of azoles when possible, but when use is required to reduce the
ivosidenib dose.

Table 1. Infection risk, drug interaction and prophylactic considerations associated with the use of therapeutic agents for acute
leukemia

Chemotherapy/Biological Use Infection risk Interaction Recommendations

Vinca alkaloids ALL Regimen related Inhibits
CYP3A4

Avoid with azole

Alkylating agents ALL Regimen related CYP3A4/
2C

Avoid with azole

BCR-ABL TK inhibitors (imatinib,
dasatinib, nilotinib, bosutinib,
ponatinib)

Ph+
ALL

Modest risk: bacterial infections, CMV, PJP, HBV
reactivation

CYP3A4
inhibitor

No clear benefit from routine
prophylaxis
Screen for HBV infection
Avoid with azole
Monitor QTc

Anti-CD19 bispecific T-cell engager
(blinatumomab)

ALL HSV, VZV, CMV, PJP, PML, fungal per NCCN Consider ACV and PJP prophylaxis
Screen for HBV

Anti-CD22 antibody drug
conjugate (inotuzumab)

ALL Risk similar to anti-CD20 No clear benefit from routine
prophylaxis
Screen for HBV infection
High risk for VOD

CD19 CAR-T (tisagenlecleucel) ALL Increased risk for IFI, PJP, prolonged IgG
hypogammaglobulinemia in long-term; distinguish
infection from CRS

Acyclovir viral prophylaxis
PJP prophylaxis
Screen for chronic HBV
Consider levofloxacin and
fluconazole prophylaxis
Consider anti-mold azole if high-
dose steroids or prolonged
neutropenia

BCL-2 inhibitor (venetoclax) AML Possible increased risk of fungal infections in absence
of antifungal prophylaxis

CYP3A4 Avoid with azole
If azole is indicated dose reduce
venetoclax (>50%)

IDH1/2 inhibitor (ivosidenib,
enasidenib)

AML No clear increased risk of infection; distinguish
infection from differentiation syndrome

Avoid with azole
Monitor QTc

Hedgehog pathway inhibitor
(glasdegib)

AML No data CYP3A4 Avoid with azole
Monitor QTc

Anti-CD33 antibody drug
conjugate (gemtuzumab)

AML Prolonged myelosuppression Monitor QTc
High risk for VOD

FLT3-TK inhibitor (midostaurin and
gilteritinib)

AML No significant increased risk of fungal infection CYP3A4 Monitor QTc
Monitor for midostaurin toxicity
and use posaconazole TDM

ACV, acyclovir; BCL-2, B-cell lymphoma 2; CAR-T, chimeric antigen receptor T cell; CMV, cytomegalovirus; CRS, cytokine release syndrome; HBV, hepatitis
B virus; HSV, herpes simplex virus; IDH, isocitrate dehydrogenase; IgG, immunoglobulin G; Ph+, Philadelphia chromosome–positive; PJP, Pneumocystis
jirovecii pneumonia; PML, progressive multifocal leukoencephalopathy; TK, tyrosine kinase; VOD, veno-occlusive disease; VZV, varicella zoster virus.
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Glasdegib is a selective inhibitor of the Hedgehog signaling
pathway with primary use in patients who are not candidates for
intensive chemotherapy. There has been no additional infection
risk associated with the use of this agent to date. When used in
combination with strong CYP3A4 inhibitors, the serum con-
centration of glasdegib may be increased. Avoiding this com-
bination if possible is recommended, but, if used, it should be
monitored for prolongation of the QTc interval and other po-
tential toxicities of glasdegib.

Gemtuzumab ozogamicin is an antibody drug conjugate
targeting CD33 on the surface or normal and leukemic myeloid
cells and blasts, which leads to profound and prolonged neu-
tropenia and thrombocytopenia. To date, demonstrated rates
of infection are comparable to other regimens causing neu-
tropenia. Standard prophylactic strategies for patients with AML
and neutropenia are recommended.34

FMS-like TK 3 (FLT3) inhibitors, including midostaurin and gil-
teritinib, have emerged as treatment options to improve survival in
patients with FLT3 duplication mutations. Studies have not shown
an increased risk of IFIs when used with induction or consolidation
chemotherapy. These agents aremetabolized byCYP3A4, and thus
concomitant usewith strong inhibitors can be challenging. Patients
requiring azole therapy should be monitored closely for potential
midostaurin-related toxicity, and TDM is recommended.35,36

Venetoclax is a B-cell lymphoma 2 inhibitor that can be used
in combination for patients unsuitable for intensive chemotherapy.
No clear increased risk of infection has been identified.37 However,
venetoclax can induce severe and prolongedmarrow suppression.
When used in combinationwith CYP3A4 inhibitors, significant dose
reduction of venetoclax is required (up to 75% dose reduction with
strong CYP3A4 inhibitors such as posaconazole).38

Therapeutics for ALL
BCR-ABL TK inhibitors, including imatinib, dasatinib, nilotinib,
bosutinib, and ponatinib, are used for Philadelphia chromosome–
positiveALL. Thesemaybeassociatedwithmyelotoxicity, increasing
risk for bacterial and fungal infection. There is some inhibition ofCD4+

and CD8+ T-cell proliferation, which impairs cytomegalovirus
(CMV)- and Epstein-Barr virus–specific CD8+ T-cell responses
and proliferation. TK inhibitors significantly impair B-cell re-
sponses leading to less robust response to vaccinations. In
studies evaluating the incidence of infectious complications,
there appears to be a modest increase in the risk of infection,
more sowith dasatinib, notably CMV and hepatitis B virus (HBV)
reactivation. Screening for chronic HBV infection is recom-
mended prior to therapy. To date, there are no data to suggest
a clear benefit in the routine use of anti-infective prophylaxis.5,37

CD-19 targeted agents, including blinatumomab, are de-
signed to direct CD3-expressing cytotoxic T cells to CD19-
expressing B cells resulting in B-cell depletion and reduction
in immunoglobulin G levels and hypogammaglobulinemia. There
may be some inhibition in B-cell–dependent T-cell activation
similar to anti-CD20 agents. Thus far, CD19-targeted agents
have not demonstrated a significant increased risk of infection
compared with conventional chemotherapy for relapsed or
refractory ALL, but the risk of herpesvirus reactivation (herpes
simplex virus and varicella zoster virus) and Pneumocystis
jirovecii pneumonia [PJP] warrants prophylactic acyclovir and
PJP prophylaxis. Some centers also give antifungal prophy as
well. Patients should be screened for HBV prior to initiation of
therapy and monitored or treated accordingly.39

Inotuzumab is a CD22-directed antibody-drug conjugate that
targets the CD22 antigen that is expressed onmature B cells and
most B-cell blasts. Risk of infection is similar to those treat-
ed with anti-CD20 monoclonal antibodies such as rituximab. In
early studies, there has been no increased incidence of infection
demonstrated when compared with standard chemotherapy.
There is no expected benefit from universal prophylaxis, al-
though patients should be screened for HBV infection prior to
initiation and managed accordingly.34

Chimeric antigen receptor (CAR)-engineered T cells are
engineered to express a receptor recognizing a target protein
on cancer cells for B-cell malignancies. Infections are common in
CAR T-cell therapy but may be a result of the underlying ma-
lignancy, persisting depression in cell-mediated immunity, and
prolonged myelosuppression from prior therapies, exacerbated
by the need for corticosteroids and tocilizumab formanagement
of cytokine release syndrome and immune effector cell-
associated neurotoxicity syndrome. Early infections after CAR
T-cell therapy are more often bacterial, but risk for IFIs increases
with prolonged neutropenia, and management would be per
standard of care for these scenarios.40 Acyclovir for viral pro-
phylaxis and fluconazole are recommended, with mold-active
azoles to be considered depending on clinical scenario, duration
of neutropenia, and need for high-dose steroids.5,40

As new antileukemic chemotherapy- or immune-based
therapeutics are introduced into the armamentarium, vigi-
lance in determining associated infection risk needs to be de-
lineated so that appropriate caution and prophylaxis are
considered. Many initial studies are performed in patients with
relapsed or refractory disease, making it difficult to determine
the additional infectious risk attributable to these agents vs
associated with the underlying disease process and/or prior or
concomitant immunosuppressive therapies. In addition, this list
of agents is not exhaustive, and new agents enter the pipeline
every year. Each patient should be managed based on a com-
prehensive risk assessment including disease status and prior
and current therapies to ensure best management, and Infec-
tious Diseases consultation and pharmacy involvement are
strongly encouraged.
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