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The association between fever and neutropenia and the risk for
life-threatening infections in patients receiving cytotoxic chemo-
therapy has been known for 50 years. Indeed, infectious compli-
cations have been a leading cause of morbidity and mortality in
patients with cancer. This review chronicles the progress in de-
fining and developing approaches to the management of fever
and neutropenia through observational and controlled clinical
trials done by single institutions, as well as by national and inter-
national collaborative groups. The resultant data have led to rec-
ommendations and guidelines from professional societies and
frame the current principles of management. Recommendations
include those guiding new treatment options (from mono-
therapy to oral antibiotic therapy) and use of prophylactic anti-
microbial regimens in high-risk patients. Of note, risk factors
have changed with the advent of hematopoietic cytokines (espe-
cially granulocyte colony-stimulating factor) in shortening the du-

ration of neutropenia, as well as with the discovery of more tar-
geted cancer treatments that do not result in cytotoxicity,
although these are still the exception. Most guiding principles
that were developed decades ago—about when to begin empir-
ical treatment after a neutropenic patient becomes febrile,
whether and how to modify the initial treatment regimen (espe-
cially in patients with protracted neutropenia), and how long to
continue antimicrobial therapy—are still used today. This review
describes how the treatment principles related to the manage-
ment of fever and neutropenia have responded to changes in
the patients at risk, the microbes responsible, and the tools for
their treatment, while still being sustained over the arc of time.
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Since Bodey and colleagues' seminal study in 1966
(1), the medical community has known that fever in a

patient with neutropenia (neutrophil count <0.50 × 109

cells/L) could signal potentially life-threatening infection
and should prompt immediate empirical therapy with
broad-spectrum antibiotics (1–3). Although neutropenia is
still the quintessential risk factor for infection after cyto-
toxic chemotherapy, many neutropenic patients also have
other disease- or treatment-related perturbations of their
host defense matrix—from breaches of physical and mu-
cosal barriers to alterations in the innate, cellular, and hu-
moral immune system—that make them vulnerable to bac-
terial, viral, fungal, and parasitic infections.

In 2019, we stand at a time of remarkable progress
in cancer therapy. Over past decades, treatment ad-
vances have increased survival rates for childhood can-
cer from less than 10% to nearly 90% (4). Improvements
in the treatment of many types of adult cancer have
also been notable (5). The 1998 discovery that a ty-
rosine kinase inhibitor provided a selective and effec-
tive treatment of chronic myelogenous leukemia led to
the first targeted therapy that might avoid the compli-
cations of cytotoxic chemotherapy (6, 7). Many other
small molecules have been developed for an array of
defined molecular targets and are being integrated
into regimens for leukemia, lymphoma, and solid tumors.
Targeted therapies also include monoclonal antibodies
and an expanding repertoire of immunotherapeutic
agents (checkpoint inhibitors and chimeric antigen recep-
tor T cells), some of which also alter the host's micro-
biome and risk for infection (8).

Despite the effect of novel immune-based therapies,
cytotoxic chemotherapy (with its associated risk for fever
and infection) is still the basis of most cancer treatment

regimens. Fortunately, the introduction of hematopoietic
cytokines, including granulocyte colony-stimulating fac-
tor, can shorten the duration of neutropenia from 6 days
to 1 day and can reduce the incidence of infection and its
complications, but not mortality, by 50% in high-risk pa-
tients (9–11). Granulocyte colony-stimulating factor is cur-
rently recommended as primary prophylaxis against neu-
tropenia in patients whose risk is higher than 20%, as well
as in patients who are older than 65 years or are receiving
intensive chemotherapy regimens. With these advances,
risk stratification and empirical antimicrobial treatment of
patients receiving cytotoxic chemotherapy has evolved.

In 1990, the International Immunocompromised
Host Society published guidelines for the design, anal-
ysis, and reporting of clinical trials on the antibiotic
management of neutropenic patients (12). This report
developed standards for the conduct of such trials, and
many of its recommendations remain relevant today. Of
note, the report coincided with the first guidelines for
antimicrobial therapy in febrile neutropenic patients
(13), which were updated in 2002 (14) and 2011 (15). In
2018, the Infectious Diseases Society of America and
American Society of Clinical Oncology released recom-
mendations for the outpatient management of fever
and neutropenia in lower-risk adults having cancer
treatment (generally defined as those with neutropenia
<7 days in duration) (16). Table 1 summarizes the evo-
lution of recommendations from 1993 to 2018.

In concert with changes in cancer therapy, ad-
vances in the antimicrobial armamentarium and the de-
velopment of host-modifying agents have led to
changes in the management of neutropenic patients,
especially those at lower risk (<7 days of neutropenia).
Once empirical antibiotic therapy is initiated, when and
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how it should be modified when patients remain neu-
tropenic for periods longer than 1 week remains an
important issue. Table 2 summarizes recommendations
for modifications to antimicrobial therapy in 2018 and
compares them to 1993 recommendations.

Observations beginning as early as the 1970s and
1980s showed that nearly 80% of the microorganisms
associated with infection in the febrile neutropenic pa-
tient arose from endogenous microbial flora (18, 19).
These observations forecast the future understanding
of the balance between aerobic and anaerobic organ-
isms, the role of selective decontamination, and the
role of the microbiome in risk for infection and modu-
lation of host defenses, including risk for graft-versus-
host disease. The importance of colonization and alter-
ations in the microbiome was shown in 2017 in a
multicenter study of 1118 recipients of allogeneic stem
cell transplants and 1625 of autologous hematopoietic
stem cell transplants, in whom colonization with resis-
tant gram-negative bacteria was associated with infec-
tion by the same bacteria after transplant (18, 20, 21).

In the 1970s, researchers observed a shift in the
oral and gastrointestinal microflora from the “normal”
gram-positive, anaerobic environment when a patient
is first diagnosed with cancer to one dominated by
gram-negative organisms after onset of illness and as-
sociated therapies that alter the balance of aerobes
and anaerobes. Van der Waaij (19) showed that anaer-
obes are necessary to help balance the proliferation of
aerobes on the basis of studies that found significant
differences in the log-rank number of aerobes needed
to colonize a mouse whose anaerobes were preserved

compared with mice whose anaerobes were decreased
by antibiotics. The gut is a complex microenvironment
where anaerobes inhibit colonization by new aerobes
by altering metabolism and nutrient availability and
producing inhibitory toxins and fatty acids. The gut mi-
crobiome can influence the response to chemotherapy,
including stem cell therapy, and modulate the immune
system (22, 23). Several studies have shown that the
diversity and composition of the gut microbiota is cor-
related with risk for fever, neutropenia, and infection.
For example, Hakim and colleagues (24) showed in chil-
dren with acute lymphocytic leukemia that an abundance
of Proteobacteria before chemotherapy was associated
with development of fever and neutropenia. Whether the
gastrointestinal microbiota is dominated by Enterobacte-
riaceae or Streptococcaceae during chemotherapy pre-
dicts risk for subsequent infection (24).

Infection in immunocompromised neutropenic pa-
tients can be caused by fungi, viruses, and parasites, as
well as by bacteria. Important fungi include Candida,
Aspergillus, Mucor, Trichosporon, Fusarium, Scedospo-
rium, and dematiaceous molds (25–30). Viruses are also
important causes of infection in immunocompromised
patients and include adenovirus (31, 32); the herpes-
viruses (herpes simplex virus, cytomegalovirus, varicella-
zoster virus, Epstein–Barr virus, and human herpesvirus 6);
and respiratory viruses, such as influenza, parainfluenza,
respiratory syncytial virus, coronavirus, human metapneu-
movirus, and rhinovirus.

WHEN AND WHERE TO INITIATE ANTIBIOTICS

AND WHICH ONES SHOULD BE ADMINISTERED
In the early days of cytotoxic chemotherapy–in-

duced neutropenia, clinicians learned that neutropenic
patients must be promptly evaluated and, ideally, start
empirical antibiotic therapy within an hour of fever on-
set. Over decades, researchers have sought strategies
to differentiate patients with life-threatening infection
from those whose fever might not be of infectious
cause and ways to determine which patients require
longer versus shorter antibiotic courses, but these
questions remain unresolved. Despite advances in
culture-independent technologies (for example, inflam-
matory markers, molecular sequencing techniques and
polymerase chain reaction, immunodiagnostics, and
imaging [33, 34]), their usefulness in identifying serious
infections, including invasive mycoses, remains limited.
Although many assays have been developed to diag-
nose invasive mycoses, sensitivity is limited (galacto-
mannan, 44% to 90%; [1,3]-�-D-glucan, 30% to 100%;
and polymerase chain reaction, 84%) (17, 34–37). Fur-
ther, they can be unreliable when a single sample is
measured, although serial sampling has better perfor-
mance (31–36, 38–41). Of note, many of the assess-
ment tools, such as physical examination and blood
cultures, that were pillars of diagnosis 40 to 50 years
ago still serve as standard diagnostic tools. Selected
imaging studies have proven valuable for diagnosing
invasive fungal infections of the lung, sinuses, and brain
in patients with prolonged neutropenia (31, 34).

Key Summary Points

Fever and neutropenia due to cytotoxic cancer chemo-
therapy can result in risk for life-threatening infections.

Although neutropenia is a quintessential risk factor, pa-
tients with cancer also have a panoply of disease- and
treatment-related alterations of their innate and ac-
quired immune defenses, rendering them vulnerable to
infection with bacteria, viruses, fungi, and protozoa.

Beginning broad-spectrum empirical antibiotic therapy
at the first sign of fever in a profoundly neutropenic pa-
tient can be life-saving and has been a standard of ther-
apy for nearly 5 decades.

Low-risk neutropenic patients can have shorter dura-
tions of treatment, including oral regimens, whereas
high-risk patients (>7 d of neutropenia) often require
additions and modifications of the initial regimen, as
well as more prolonged treatment courses.

The advent of hematopoietic cytokines (granulocyte
colony-stimulating factor) and the selected use of pro-
phylactic antimicrobial regimens have altered risk for
infectious complications in high-risk patients.
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When principles for initial empirical antibiotics for
neutropenic fever were first being formulated, no single
antibiotic could provide coverage against the broad array
of potential gram-positive and gram-negative aerobes
and anaerobes. Thus, combination antibiotic therapy was
the rule, generally with a first-generation cephalosporin,
an aminoglycoside, and an extended-spectrum penicillin.
Because gram-negative bacteria and especially Pseu-
domonas aeruginosa were dominant in the 1960s and
1970s, achieving high bactericidal levels was an impor-
tant objective (3, 17, 37). With advances in antibiotic ther-
apy, efforts were made to reduce toxicity (primarily by lim-
iting exposure to aminoglycosides and vancomycin) and
to avoid emergence of �-lactamase–producing bacteria
by combining �-lactam antibiotics with �-lactamase inhib-
itors. The third- and fourth-generation cephalosporins,
followed by the carbapenems and fluoroquinolones,
were major advances in the 1980s. At that time, the pre-
dominant bacterial pathogens also shifted to gram-
positive organisms, especially Staphylococcus aureus,
Methicillin-resistant S aureus, and coagulase-negative
staphylococci.

In the late 1980s and 1990s, monotherapy was con-
sidered because selected third-generation cephalo-
sporins (such as ceftazidime and cefoperazone) and
carbapenems (initially imipenem–cilastatin and now

meropenem) provided coverage of the most common
gram-negative bacteria (including Pseudomonas). Mono-
therapy was controversial, and some considered it risky,
but randomized clinical trials affirmed its safety and ef-
ficacy (42, 43). However, the emergence of extensively
drug-resistant and pandrug-resistant gram-negative
bacteria (for example, Acinetobacter and Pseudomo-
nas) and carbapenemase-producing organisms (for ex-
ample, Klebsiella) has decreased the utility of some
third-generation cephalosporins (such as ceftazidime)
and carbapenems as monotherapy. Additional con-
cerns were related to the OMP36 mutation leading to
porin loss; extended-spectrum, �-lactamase–producing
Enterobacteriaceae (especially Escherichia coli and
Klebsiella); and the AmpC-E mutation in SPICE mi-
crobes (Serratia, Providencia, Pseudomonas, Proteus,
Citrobacter, and Enterobacter). Newer antibiotics, such
as ceftazidime–avibactam and ceftolozane–tazobactam,
overcome some of these limitations and provide activ-
ity against �-lactamase–producing microbes (44). Al-
though monotherapy remains a standard approach, the
agents used have changed to overcome emerging re-
sistant organisms (15, 42, 43).

Along with the shift to monotherapy, the availably
of fluoroquinolones—with their broad-spectrum activity,
high bioavailability, and ability to be administered

Table 1. Evolving Principles for the Management of Fever and Neutropenia Over Time

2018 Recommendations (50 Years After the Initial Studies of Fever and
Neutropenia)

1993 Recommendations (25 Years After the Initial
Studies of Fever and Neutropenia)*

A neutropenic patient who becomes febrile should be promptly evaluated
and should start receiving empirical antibiotics within an hour of the onset of
fever.

Same as current.

Persistently febrile patients with protracted neutropenia require daily
evaluation. Patients whose neutropenia or fever has resolved can be
evaluated as needed.

Recommended daily evaluation for all patients without
assessment of risk factors (which were less defined at that
time).

Intravenous, empirical, broad-spectrum, antibiotic therapy should be promptly
initiated in neutropenic patients who become febrile. Oral antibiotics,
including in an ambulatory setting, can be used in defined low-risk patients
(<7 d of neutropenia) after a first dose in a hospital or emergency
department setting.

Recommended inpatient intravenous antibiotics for all febrile
(a single elevation of oral temperature to >38.5 °C, or 3
elevations to >38 °C during a 24-h period) and
neutropenic (neutrophil count <0.50 × 109 cells/L)
patients.

If the patient has an indwelling intravenous catheter, obtain cultures from each
catheter port and lumen, as well as from a peripheral vein. Rotate antibiotic
therapy through each lumen of multiple-lumen catheters. Although efforts
are made to treat infections without catheter removal, this does become
necessary when blood cultures remain positive; with evidence of a tunnel or
pocket infection; or with certain microbes, especially Candida. See Table 2.

Same as current, even though in 1993, experience with
indwelling catheters was nascent and there was an
absence of robust data.

Monitor high-risk patients (>7 d of fever and neutropenia) for secondary
clinical or microbiological infections. The risk for secondary infections in
low-risk patients is very low.

Recommended monitoring all patients closely for secondary
infections requiring additions or modifications to the initial
antibiotic regimen, regardless of risk.

Continue empirical antibiotic therapy if the patient has prolonged (>1 wk)
fever and neutropenia. See below regarding patients who become afebrile
or who show signs of hematologic recovery.

Recommended continued antibiotics until the resolution of
fever and/or neutropenia.

Add empirical antifungal therapy if a patient with neutropenia remains febrile
after 4–7 d of broad-spectrum antibiotic therapy or has recurrent fever while
persistently neutropenic.

Same as current, although the starting point for adding
empirical antifungal therapy was closer to 7 d in patients
with persistent fever and neutropenia.

Multiple studies have shown that antibiotics can be withdrawn with the
resolution of fever and/or neutropenia, with patients followed closely.

Recommended discontinuing antibiotic therapy when the
neutrophil count increased above 0.50 × 109 cells/L in a
high-risk patient or was increasing in a low-risk patient.

Although 10–14 d of treatment is adequate in most patients with neutropenia,
prolonged therapy is necessary for a patient with a residual focus of
infection or invasive mycoses (e.g., hepatosplenic candidiasis).

Same as current.

All those caring for a febrile patient with neutropenia should wash their hands
carefully before any contact with the patient. With gels and quality care
guidelines, handwashing has improved and remains an essential means to
reduce nosocomial infections.

At the time of the 1993 review, handwashing was known to
be important but was practiced less than optimally by
health care providers, including physicians.

* The Year 25 General Principles were from a review by Pizzo (17).
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Table 2. Common Modifications or Additions to Initial Empirical Antibiotic Therapy in Patients With Neutropenia and Fever*

Status or Symptoms Modifications of Primary Regimen

2018 (50 Years After the Initial Studies of Fever and
Neutropenia)

1993 (25 Years After the Initial Studies of Fever
and Neutropenia)

Fever
Persistent for >1 wk Add empirical antifungal therapy, with the caveat that

some centers recommend commencing antifungal
therapy with liposomal amphotericin, voriconazole, or
caspofungin after 4 d of fever and neutropenia.

Similar recommendation, although many centers used
7 d of persistent fever and neutropenia as the
starting point for empirical antifungal therapy, the
choices of which were more limited.

Recurrence after ≥1 wk in patient
with persistent neutropenia

Add empirical antifungal therapy, as above. Modifications
of the initial antibiotic regimen may also be necessary.

Similar recommendation regarding empirical
antifungal therapy.

Persistent or recurrent fever at
time of recovery from
neutropenia

Evaluate liver and spleen by computed tomography,
ultrasound, or magnetic resonance imaging for
hepatosplenic candidiasis, and evaluate need for
antifungal therapy.

Same as current.

Bloodstream
Cultures before antibiotic therapy

Gram-positive organism Add vancomycin, unless the institution has observed
infection with vancomycin-resistant enterococci or
staphylococci, in which case linazolid should be used,
pending further identification.

Similar recommendation, although choice was limited
to vancomycin.

Gram-negative organism The preferred option is a carbapenem (meropenem), but
if the isolates are carbapenemase-producing or
extended-spectrum �-lactamase–producing, alternate
therapy could be ceftazidime–avibactam or
meropenem–vaborbactam.

If the patient was stable and isolate-sensitive, the initial
regimen could be maintained, but if Pseudomonas
aeruginosa, Enterobacter, or Citrobacter was
isolated, an aminoglycoside or an additional
�-lactam antibiotic was added.

Organism isolated during
antibiotic therapy

Gram-positive organism Add vancomycin (or linezolid). Add vancomycin.
Gram-negative organism Change to new regimen, such as ceftazidime–avibactam

or meropenem–vaborbactam.
Change to new regimen, albeit limited choices (for

example, imipenem plus gentamicin or vancomycin,
or gentamicin plus piperacillin).

Head, eyes, ears, nose, or throat
Necrotizing or marginal gingivitis Add specific antianaerobic agent (clindamycin or

metronidazole) to empirical therapy.
Same as current.

Vesicular or ulcerative lesions Suspect herpes simplex infection. Culture and begin
valacyclovir therapy.

Same, except acyclovir was the only option.

Sinus tenderness or nasal
ulcerative lesions

Suspect fungal infection with Aspergillus or Mucor. Same as current.

Gastrointestinal tract
Retrosternal burning pain Suspect Candida, herpes simplex, or both. Add antifungal

therapy (with an azole [fluconazole, voriconazole, or
posaconazole], an echinocandin [caspofungin], or
amphotericin, and, if no response, valacyclovir.
Bacterial esophagitis is also a possibility. For patients
who do not respond within 48 h, endoscopy should be
considered.

Same as current, except antifungal and antiviral agents
were more limited.

Acute abdominal pain Suspect typhlitis, as well as appendicitis if pain is in right
lower quadrant. Add specific antianaerobic coverage to
the empirical regimen or use meropenem or
meropenem–vaborbactam and monitor closely for
need for surgical intervention (albeit rarely used).

Similar to current recommendations, although there
were fewer antibiotic choices and surgical
intervention was a more common option.

Perianal tenderness Similar to the treatment of typhlitis. Similar to current recommendation.

Respiratory tract
New focal lesion in patient

recovering from neutropenia
Observe carefully, because this may be a consequence of

inflammatory response in concert with neutrophil
recovery.

Same as current.

New focal lesion in a patient with
continuing neutropenia

Aspergillus is the chief concern. Perform appropriate
cultures and consider biopsy. If patient is not a
candidate for procedure, administer voriconazole.

Similar to current, except that antifungal therapy was
limited to high-dose amphotericin B (1.5 mg/kg of
body weight per day).

New interstitial pneumonia Attempt diagnosis by examination of induced sputum or
bronchoalveolar lavage. If not feasible, begin empirical
treatment with trimethoprim–sulfamethoxazole or
atovaquone. Consider noninfectious causes and the
need for lung biopsy if condition has not improved
after 4 d of therapy.

Similar to current recommendations.

Continued on following page
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orally—raised the prospect of using regimens that could
be administered in an ambulatory setting. Although
many clinicians believe that beginning empirical ther-
apy with intravenous antibiotics is important, the com-
bination of ciprofloxacin with amoxicillin–clavulanic
acid makes it possible to switch to oral antibiotics ad-
ministered at home (16, 45–49).

Another advance is use of fluoroquinolones as an-
tibiotic prophylaxis against neutropenic infection. A
2014 meta-analysis (48) of 17 clinical trials enrolling
1453 patients who were having an autologous or allo-
geneic hematopoietic stem cell transplant (albeit with
different preparative regimens and study designs)
showed that fluoroquinolone prophylaxis significantly re-
duced incidence of febrile episodes, including clinically
and microbiologically defined infections, without altering
all-cause or infection-related mortality. These positive re-
sults must be considered against the equally important
finding that, with extensive use, resistance to fluoroquino-
lones has increased to 28%, which could negatively affect
the clinical utility of this important class of antibiotics (20,
48). Striking a balance of benefit and harm has led the
American Society of Clinical Oncology to recommend
that antibiotic prophylaxis be limited to patients who are
likely to have severe neutropenia (neutrophil count
<0.100 × 109 cells/L) for longer than 7 days (16, 45, 47).

WHEN AND HOW SHOULD THE INITIAL

ANTIBIOTICS BE MODIFIED?
With prompt empirical antibiotics at the onset of

neutropenic fever, patients whose neutropenia lasts be-
yond 7 to 10 days (that is, high-risk patients) will be-
come afebrile, remain persistently febrile, manifest
no clinical or microbiological signs of infection, or de-
velop confirmed infection. This spectrum of outcomes
prompted complex clinical trials of antimicrobial strate-
gies that evaluated such outcomes as “success without
the need to modify the initial regimen” and “success with
modifications or additions of the initial regimen” (14, 15,
17, 37, 42, 50). In 2002, the International Immunocompro-
mised Host Society and the Multinational Association of
Supportive Care in Cancer proposed that a response to
an antibiotic regimen without any modifications should

be determined at 72 hours of therapy and again at day 5,
and that the reasons for regimen modification (if required)
should be stated. Reasons for modifying initial empirical
therapy include persistent fever (with or without clinical
deterioration), a new microbiological finding (with or with-
out clinical deterioration), and evidence of clinical pro-
gression of a presumed infection. Therapy might also be
modified because of adverse events or intolerance to the
study drug (12, 51).

DURATION OF ANTIBIOTIC THERAPY IN

PATIENTS WITH UNEXPLAINED FEVER OR

DEFINED INFECTION
Uncertainty surrounds decisions about how long to

continue empirical therapy, especially without microbi-
ological or clinical signs of infection and when the pa-
tient remains neutropenic with or without persistent
fever.

Patients Whose Neutrophils Recover or Who
Become Afebrile

Initial studies that randomly assigned patients who
were still neutropenic after 7 days of empirical antibiot-
ics without any defined source of infection suggested
that continuing antibiotics was advantageous, espe-
cially for patients with persistent fever (52, 53). Al-
though continuing empirical antibiotics in such patients
has remained standard practice for nearly 4 decades,
the approach has evolved for patients who become
afebrile while receiving antibiotics or have signs of
bone marrow recovery or resolution of neutropenia. In
1993, Buchanan (54) showed that discontinuing empir-
ical antibiotics was generally safe when patients had
signs of hematologic recovery, defined as an increasing
neutrophil count even if not fully recovered to more
than 0.50 × 109 cells/L (50, 54). Several studies have
affirmed this approach, including the ANTIBIOSTOP
(Early Discontinuation of Empirical Antibacterial Ther-
apy in Febrile Neutropenia) study reported in 2018 (55–
57). The debate about continuing or discontinuing
therapy was further addressed in a 2017 study that ran-
domly assigned 709 patients, including 157 adults with
hematologic cancer and “high-risk” neutropenia (>7

Table 2—Continued

Status or Symptoms Modifications of Primary Regimen

2018 (50 Years After the Initial Studies of Fever and
Neutropenia)

1993 (25 Years After the Initial Studies of Fever
and Neutropenia)

Central venous catheters
Positive culture for organisms

other than Bacillus species or
Candida

Attempt to treat. Rotate antibiotic administration in
patients with multiple-lumen catheters.

Same as current.

Positive culture for Bacillus
species or Candida

Remove catheter and treat appropriately, although some
advocate attempting to treat Candida infections
without catheter removal.

Similar to current, but with stronger recommendation
to remove catheter for Candida infections.

Exit-site infection with
mycobacterium or
Aspergillus

Remove catheter and treat appropriately. Same as current.

Tunnel infection Remove catheter and treat appropriately. Same as current.

* The Year 25 Modifications of the Primary Regimen are based on a review by Pizzo (17).
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days), to continue or discontinue empirical antibiotic
therapy if they were clinically stable and afebrile after
72 hours of treatment (58). The trial found no differ-
ences in adverse consequences between the groups,
making discontinuation of antibiotics under these cir-
cumstances the recommended approach.

Patients Who Remain Febrile and Neutropenic
In contrast to therapy for patients who become afe-

brile or recover from neutropenia, discontinuing empiri-
cal antibiotics is not recommended when patients remain
persistently febrile and neutropenic. National Cancer In-
stitute studies reported in 1982 not only showed the ben-
efit of continuing empirical antibiotics but also suggested
a benefit of adding empirical antifungal therapy for pa-
tients with fever and neutropenia that persisted for 7 or
more days (53). These initial observations were supported
by a randomized clinical trial in which empirical antifungal
therapy started 4 days after empirical antibiotic therapy
(59). At the time of these studies, amphotericin B was the
only suitable antifungal agent, but subsequent studies
demonstrated benefit and lower toxicity from newer
classes of antifungal therapy, such as liposomal prepara-
tions of amphotericin, and more recently, newer azole an-
tifungals (particularly voriconazole), liposomal amphoteri-
cin, and echinocandins like caspofungin.

Although empirical antifungal therapy has been
standard management of prolonged fever and neutro-
penia for more than 35 years, researchers have tried to
better define which patients are most likely to benefit.
Efforts have included clinical risk criteria coupled with
imaging studies and culture-independent diagnostics.
Many randomized trials, observational studies, and
meta-analyses have provided evidence codified in clin-
ical guidelines (26, 60, 61). Although definitive proof of
benefit is lacking, the apparent reduction in morbidity
and mortality associated with use of empirical antifun-
gal therapy makes it the default.

In summary, for high-risk patients with persistent
fever and neutropenia, continued antibiotic therapy
along with empirical antifungal therapy starting 4 to 7
days after initiation of antibiotic therapy is recom-
mended. Continued pursuit of tools to reliably predict
and diagnose invasive fungal infections and monitor
their management remains a priority.

The Management of Specific Infections
If an infection is identified, management depends on

the causative microbes, sensitivity pattern, site, underlying
cancer and its treatment, pattern and severity of the host's
immunodeficiency, and projected time to recovery (62).
Whether focused therapy for an identified infection is ap-
propriate in the setting of immunodeficiency or broader
therapy remains a conundrum. An additional topic of de-
bate is whether effective treatment should be accom-
plished within a defined period (such as 7 to 10 days) or
should be continued until neutropenia and all signs of
infection resolve.

Early studies suggested that narrowing the spec-
trum of antimicrobial therapy to target a specific gram-
positive or gram-negative organism in a patient who
has protracted neutropenia favored use of continuing

broad-spectrum therapy (62). However, an argument
can be made for narrowing the spectrum of therapy
and monitoring the patient closely for new signs of in-
fection. Similar uncertainty pertains to the length of
therapy for patients with a defined infection and persis-
tent neutropenia. Also of note, signs of “infection”
could seem to worsen with the recovery of the neutro-
phil count and should not necessarily prompt other
changes in therapy. The more worrisome scenario is
the patient who seems to be worsening despite opti-
mal antimicrobial therapy, particularly in the setting of
prolonged neutropenia.

Granulocyte transfusion is a supportive method
with a storied history. Since the early 1970s, some cli-
nicians have recommended donor granulocytes as ad-
junctive therapy despite limited data supporting the
method's efficacy. There are technical difficulties in har-
vesting sufficient donor granulocytes for transfusion to
a profoundly neutropenic patient (58). This limitation
has been partly overcome by stimulation of donor
granulocytes with either steroids or granulocyte colony-
stimulating factor (9–11, 63–66). Despite these techni-
cal improvements, the most recent randomized clinical
trial did not show statistically significant benefit (67).

Because of their effect on management of neutro-
penic patients, specific attention has been paid to inva-
sive fungal infections, which are the focus of guidelines
from the Infectious Diseases Society of America for
Candida (2009) and Aspergillus (2016) (41, 68). In ad-
dition, the European Society of Clinical Microbiology
and Infectious Diseases, the European Confederation
of Medical Mycology, and the European Conference on
Infections in Leukemia issued clinical guidelines for mu-
cormycosis in 2013 (69).

FUTURE DIRECTIONS
Neutropenic fever in patients having cancer ther-

apy has been a focus of investigation over the past 5
decades. In the early days of cancer treatment, infec-
tious complications were a leading cause of death and
often limited the delivery of chemotherapy. Although
the risk for infection is still notable, infection-related
morbidity and mortality have decreased. Many early
approaches to the management of febrile neutropenic
patients remain relevant today, suggesting that some
interventions endure over the arc of time. Given the
pace of new knowledge and studies suggesting that
new evidence generally renders systematic reviews out
of date within 5.5 years of publication (70), that manage-
ment of neutropenic fever has remained largely consis-
tent is notable.

Future research should build on the longstanding
issues that remain unresolved. Seeking cancer treat-
ments that result in less cytotoxicity and immunodefi-
ciency remains a priority, and progress has certainly
been made. Strategies to lessen the effect of treatment-
related immunosuppression have also seen progress,
such as empirical antibiotic regimens, prophylactic anti-
biotics, and hematopoietic cytokines in high-risk patients.
Our understanding of the immune system is increasingly
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sophisticated, and new ways of modulating it will likely be
identified to lessen treatment-induced immunodeficiency
and further alter the relationship among cancer treat-
ment, neutropenia, fever, and infection.
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