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Abstract

Infection continues to rank as a primary cause of treatment-related
mortality in patients with cancer. For patients with neutropenic fevers,
immediate empiric treatment with antibiotics is standard care. Howev-
er, which specific antibiotic is best for initial treatment of high-risk pa-
tients has been much debated without consensus. Many major health
centers use intravenous ceftazidime as first-line therapy for these pa-
tients. Yet updates to guidelines published by the Infectious Diseases
Society of America and the National Comprehensive Cancer Network
suggest that ceftazidime may no longer be an optimal choice. This ar-
ticle reviews the literature regarding ceftazidime therapy for the treat-
ment of high-risk neutropenic patients with fevers. This critical analysis
of existing research reveals significant pharmacologic, physiologic, so-
cial, and financial implications, and recommendations for further stud-
ies are made.
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nfection continues to rank as

a primary cause of treatment-

related mortality in patients

with cancer. Fever may be the
first measurable sign of infection; it
is also a common finding in patients
whose immune systems are rebuild-
ing. Thus, the appropriate agent for
the treatment of neutropenic fe-
vers must cover potential infections
without causing unnecessary toxic-
ity or resistance. Patients with pro-
longed neutropenia or any signifi-
cant comorbidities are considered to
be at high risk; see Table 1 (Robbins,
2011). When a high-risk neutrope-
nic patient is febrile, immediate em-

piric treatment with antibiotics is
standard care. There has been much
debate surrounding the specific an-
tibiotic that is optimal for the initial
treatment of these patients, yet no
consensus has been reached.

Many major health centers use
IV ceftazidime as first-line therapy
for these patients. Yet updates to
published guidelines by the Infec-
tious Diseases Society of Ameri-
ca (IDSA, 2011) and the National
Comprehensive Cancer Network
(NCCN, 2013) suggest that treat-
ment with ceftazidime may no lon-
ger be the best course of action. The
following is a review of the litera-
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ture surrounding ceftazidime use in this patient
population, along with an exploration of the
pharmacologic, physiologic, social, and financial
implications of high-risk febrile neutropenia.

BACKGROUND AND SIGNIFICANCE

Since the 1970s, when a landmark study in The
New England Journal of Medicine demonstrated that
prompt empiric treatment with broad-spectrum an-
tibiotics significantly reduces morbidity and mor-
tality (Schimpff, Satterlee, Young, & Serpick, 1971),
immediate treatment of neutropenic fevers became
standard care. At that time, there was a predomi-
nance of Gram-negative bacterial infections in neu-
tropenic patients, but through the 1980s and 1990s
Gram-positive bacteria became the more common
infecting organisms. This shift was largely due to the
increased use of indwelling plastic venous catheters,
which allow a point of entry for Gram-positive skin
flora (Freifeld et al., 2011). Research during the 1980s
and 1990s centered on monotherapy vs. combina-
tion antibiotic therapy, and monotherapy was found
to be just as effective as combination therapy with
an aminoglycoside, with less toxicity (Paul, Yahav,
Bivas, Fraser, & Leibovici, 2010).

Today over 80% of patients with hematologic
malignancies being treated with chemotherapy and
10% to 50% of patients with solid tumors will have
fever and neutropenia (Freifeld et al., 2011). Infec-
tion is a potentially life-threatening complication
of cancer therapy that must be treated as a medi-
cal emergency (Robbins, 2011). Organizations such
as the IDSA and the NCCN make detailed recom-
mendations for the care of febrile neutropenic pa-
tients, specifying algorithms for prophylaxis, risk
stratification, diagnostic testing, and treatment
(Freifeld et al., 2011; NCCN, 2013). However, the
optimal choice of initial antibiotic therapy for high-
risk patients continues to be in question.

PHYSIOLOGIC PRINCIPLES

Neutrophils are a subset of leukocytes (see
Table 2), and neutropenia may be only one aspect
of a patient’s myelosuppression. But as the most
numerous leukocytes and the body’s primary
phagocytic agents, neutrophils are “the first line of
defense” and play a critical role in protecting the
body from foreign antigens, including bacteria. In
addition, neutrophils have a profoundly rapid life
cycle: They are made in the bone marrow at a rate
of approximately 80 million per minute, living

« D
Table 1. Assessment Criteria for the High-Risk
Neutropenic Patient

Absolute neutrophil count < 100 cells/uL
Neutropenia expected to persist longer than 7 days
Hemodynamic instability

Mucositis that impairs swallowing or causes diarrhea
Abdominal pain

Neurologic changes

Pulmonary infiltrates

Hypoxemia

Chronic lung disease

Hepatic insufficiency

@enal insufficiency Y,

only 2 to 3 days, compared to a macrophage, which
typically lives months (Yarbro, Wujcik, & Gobel,
2010). This makes them particularly at risk during
chemo- and radiotherapies, treatments that target
rapidly dividing cells. The singular importance
and extreme fragility of neutrophils makes them
a critical prognostic indicator: An absolute neu-
trophil count (ANC) of less than 1,000 cells/uL
has historically been identified as a threshold for
high risk of infection (Gobel, Triest-Robertson, &
Vogel, 2009).

Additionally, in the absence of neutrophils,
the body may not be able to mount the expected
reaction to an infection, causing muted or absent
symptoms (such as not producing the sputum
which signals a respiratory infection). As such,
it is critical to monitor fever as an early (though
nonspecific) sign. Fever in the context of neutro-
penia warrants immediate intervention.

Patients with febrile neutropenia may be
considered low risk if they have solid tumor ma-
lignancies, have an anticipated neutropenic pe-
riod of less than 7 days, and live within 1 hour of
a hospital. These patients may be managed on an
outpatient basis and may receive oral antibiotic
treatment (Robbins, 2011).

Patients are considered high risk if they have
any of the following conditions: ANC <100 cells/uL,
neutropenia expected to persist longer than 7 days,
hemodynamic instability, mucositis that impairs
swallowing or causes diarrhea, abdominal pain,
neurologic changes, pulmonary infiltrates, hypox-
emia, chronic lung disease, and/or hepatic or renal
insufficiency (see Table 1). These patients need to
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Table 2. Leukocytes: Types and Activity

Class Cell type Activity
Lymphocytes, B cells * Create adaptive immunity
25% to 33% of total leukocytes ¢« Become plasma cells, produce antibodies
¢ Present foreign invaders to T cells
T cells Create adaptive immunity

Destroy cells identified by antibodies
Target virus and tumor cells
Regulatory T cells restore normal function after infection

Natural killer ¢ Destroy cells by degranulation
(NK) cells ¢ Less specific than T cells
« Effective against virus and tumor cells

Polymorphonuclear leukocytes Basophils ¢ Similar to mast cells

(or granulocytes), *« Promote blood flow and prevent clotting

60% to 70% of total leukocytes ¢ Release histamine and heparin
Eosinophils ¢« Combat parasites via degranulation

* Enable moderate allergic reactions

55% to 70% of all white blood cells

First line of defense for foreign pathogens

First to arrive in event of infection or injury
Phagocytic

Very short lived (6 hr to 2 days)

Target bacteria and fungi

Low neutrophils heavily implicated in infection risk

Neutrophils

Mast cells (or mastocyte) Mast cells Similar to basophils
Not limited to role in allergies/anaphylaxis
Promote blood flow and prevent clotting

Release histamine and heparin

Monocytes, Monocytes ¢ Become large macrophages in bloodstream
2% to 8% of leukocytes (or Kupffer cells in liver)
\_ * Consume waste, bacteria, and debris )

be admitted to a hospital urgently and given imme-
diate empiric IV antibiotics.

meropenem, piperacillin/tazobactam, cefepime,
or ceftazidime (NCCN, 2013). However, the NCCN
guidelines give ceftazidime a 2B rating (appro-
priate, based on lower-level evidence), while the

PUBLISHED GUIDELINES

For high-risk neutropenic fevers, current
IDSA guidelines recommend “monotherapy with
an anti-pseudomonal beta-lactam agent, such
as cefepime, a carbapenem (meropenem or imi-
penem/cilastatin), or piperacillin/tazobactam”
(Freifeld et al., 2011, p. €57). While the 1997 IDSA
guidelines recommended ceftazidime specifically
by name (Hughes et al., 1997), the 2010 updates de-
leted this listing. In the 2010 updates, Freifeld and
colleagues go on to say, “Many centers have found
that ceftazidime is no longer a reliable agent for
empirical monotherapy of fever and neutropenia
because of its decreasing potency against Gram-
negative organisms and its poor activity against
many Gram-positive pathogens, such as strepto-
cocci” (Freifeld et al., 2011, p. e67).

The NCCN recommends monotherapy with
one of the following agents: imipenem/cilastatin,

other listed agents are rated category 1 (appropri-
ate, based on higher-level evidence). The NCCN
also included a footnote to ceftazidime reading,
“weak Gram-positive coverage and increased
breakthrough infections limit utility” (NCCN, 2013,
p. FEV-5). While ceftazidime is still considered ap-
propriate therapy for febrile neutropenic patients,
is there evidence in the literature that suggests oth-
er antibiotics could provide better outcomes?

REVIEW OF THE LITERATURE

To review the literature, various databases
were searched in November 2011, including
CINAHL and Ovid MEDLINE. Studies cited in
relevant articles and significant reviews were
also explored. Only English language articles
were considered. Studies limited to pediatric
patients were excluded.
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From this literature search, the eight existing
studies were identified, seven of which explore
ceftazidime for the treatment of febrile neutrope-
nic patients. Six studies compared drug efficacy,
and two examined resistance patterns. In addition,
the search revealed one meta-analysis of beta-lac-
tams for empiric treatment of neutropenic fevers.
When the results of these studies are considered
as a group, ceftazidime has been studied directly in
comparison to the four other drugs recommended
by the IDSA and the NCCN: cefepime, imipenem,
meropenem, and piperacillin/tazobactam. A dis-
cussion of each comparison follows, with a sum-
mary presented in the Figure. Further information
on the individual drugs is provided in Table 3.

Cefepime

Intwodirectcomparisonstudies (Chandrasekar
& Arnow, 2000; Cordonnier et al., 1997), ceftazi-
dime was found to be statistically equivalent in ef-
ficacy to cefepime, with and without the addition of
amikacin, even though cefepime provides broader
Gram-positive coverage. There have been no stud-
ies directly comparing resistance patterns between
these two drugs, though cefepime is a subsequent
generation of cephalosporin and so theoretically is
less susceptible to certain beta-lactamases (inacti-
vating enzymes) produced by bacteria.

In ameta-analysis of beta-lactams for neutrope-
nic fevers by Paul et al. (2010), cefepime was found
to have higher all-cause mortality than other beta-
lactams. The US Food and Drug Administration
(FDA) refuted this claim, though the FDA’s analysis
(1) used over 30 unpublished trials by Bristol-Myers
Squibb, the company that produces cefepime and
(2) included studies where cefepime was used in
combination therapy with aminoglycosides (Kim et
al., 2010). The FDA’s conclusions about the safety
of cefepime monotherapy were based on data from
combination therapy and privately funded, uncor-
roborated, unpublished trials. As such, Paul and
colleagues maintain that published data suggest ce-
fepime bears a higher rate of all-cause mortality for
this specific patient population, though this finding
has never been adequately explained. Therefore,
evidence suggests that ceftazidime appears to be a
better choice in comparison to cefepime.

Piperacillin
The only published English language study to
compare piperacillin and ceftazidime appeared in

1988, when combination therapy was still thought to
be necessary. This study by Anaissie et al. compared
ceftazidime/vancomycin with piperacillin/van-
comycin, with a third study arm in which patients
received all three antibiotics (piperacillin, ceftazi-
dime, and vancomycin). Ceftazidime/vancomycin
was found to be more effective than piperacillin/
vancomycin. However, it is not possible to surmise
the comparative effectiveness of monotherapy from
this study. In addition, the study data were collect-
ed over 25 years ago. Since then, infection patterns
have changed, so questions of efficacy need to be
reexamined. A study by Schwaber, Graham, Sands,
Gold, and Carmeli (2003) found ceftazidime and
piperacillin/tazobactam to have equivalent risks for
developing resistant Enterobacter.

The meta-analysis by Paul et al. (2010) found that
piperacillin/tazobactam had the lowest all-cause
mortality relative to the other beta-lactams, and in the
end recommended its usage for empiric treatment of
neutropenic fever. However, the data on which this
meta-analysis is based include studies such as those
by Anaissie et al. (1988). It seems reasonable to con-
duct head-to-head studies between piperacillin/
tazobactam and ceftazidime before concluding the
superiority of the piperacillin regimen.

Imipenem

In a single study, ceftazidime was found to
be less effective than imipenem, with and with-
out amikacin (Rolston et al., 1992). However, this
study excluded fevers of unknown origin, which
make up a significant portion of clinical practice:
An infection source is isolated in approximately
30% of neutropenic fevers (Robbins, 2011). Ad-
ditionally, compared to the other antibiotics of
interest, imipenem has also been associated with
higher rates of pseudomembranous colitis and
seizures (Feld, DePauw, Berman, Keating, & Ho,
2000). It is difficult to deduce the superiority of
either drug until a study can be conducted that
does not disregard fevers of unknown origin. It is
well documented that carbapenems evoke far less

Use your smartphone to access
IDSA and NCCN guidelines for the
treatment of patients with febrile
neutropenia.

SEE PAGE 414
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Studies/Results

» Chandrasekar & Arnow (2000) found drugs
equally effective

* Cordonnier et al. (1997) compared each drug as
combination therapy with amikacin, found drugs
equally effective

Discussion

« Cefepime was found to have higher all-cause
mortality in a meta-analysis (Paul et al., 2010)

» Studies were the most methodical in tracking
for the potential confounder of antibiotic
changes

* The field lacks published studies that compare
the resistance risks of these 2 drugs, though
cefepine is a subsequent generation so '
theoretically encounters less resistance

N J

Piperacillin/tazobactam

Studies/Results

« Anaissie et al. (1988) found ceftazidime/
vancomycin more effective than piperacillin/
vancomycin

* Schwaber et al. (2003) showed equal rates of
development of resistant Enterobacter

Discussion

» The only study to compare piperacillin and
ceftazidime is 25 years old and employs
combination therapy with vancomycin; a
study comparing ceftazidime and piperacillin/
tazobactam monotherapy is needed

» Meta-analysis found piperacillin/tazobactam

had lowest all-cause mortality and ultimately
recommended its usage (Paul et al., 2010)

Ceftazidime

Studies/Results

* Feld et al. (2000) found meropenem to be
more effective in fevers of unknown origin

* Cometta et al. (1996) compared meropenem
monotherapy to ceftazidime/amikacin, found 2
treatments equivalent

Discussion
* Feld et al. counted the addition of any
antibiotic as “failure”

» Cometta et al. regarded all fevers > 72 hr a
“failure” but allowed premature antibiotic
modifications without tracking how those
instances may have impacted the results

« Antiresistance properties of carbapenems
‘ should be protected by avoiding overuse, and
thus may not be ideal as first-time therapy

- J

-

Studies/Results

* Rolston et al. (1992) compared both drugs as
‘ monotherapy and combined with amikacin;

found imipenem more effective as mono- and
combination therapy

Discussion

* Excluded fever of unknown origin, which is a
large part of clinical practice

« In meta-analysis, imipenem had higher rate of
pseudomembranous colitis and seizures than
other beta-lactams (Paul et al., 2010)

« If local resistance patterns necessitate first-
line use of a carbapenem, an alternate agent is
preferable due to potential toxicities

Figure. Summary of direct comparison studies between ceftazidime and four other drugs recommended by
the Infectious Diseases Society of America and the National Comprehensive Cancer Network.

bacterial resistance than cephalosporins. As these
antiresistance properties should be aggressively
protected by avoiding overuse, carbapenems may
not be ideal as first-line therapy. However, even if
a carbapenem agent is necessitated by local resis-
tance patterns, an alternate carbapenem may be
preferable due to potential toxicities.

Meropenem

In studies that compare meropenem with
ceftazidime, one trial found meropenem to be sig-
nificantly more effective, particularly when used
in hematopoietic stem cell transplant (HSCT) pa-
tients (Feld et al., 2000), while another trial found
meropenem to be equivalent to ceftazidime/ami-
kacin (Cometta et al., 1996). It is interesting to
note that the advantage of meropenem in the Feld
et al. study seems to come entirely from fevers
of unknown origin; ceftazidime and meropenem
were equivalently effective in treating both clini-
cally and microbiologically defined infections.

However, both of these studies had problematic
measures of “success” and “failure” with relation
to the addition of other antibiotics, an issue that
merits further discussion.

ANALYSIS OF THE LITERATURE

Within all of the comparative efficacy studies,
overall success rates for ceftazidime in the treat-
ment of neutropenic fevers ranged from 21% to
60% (and up to 71% when combined with amika-
cin). This wide range in efficacy points to one of
the difficulties in comparing data across studies:
The measures of “clinical failure” and “success”
were difficult to define and employ uniformly.
This was particularly problematic as it related to
the issue of modification of antibiotic regimens.

In the six efficacy studies, “success” was gen-
erally defined as the resolution of fever and any
clinical signs of infection and the eradication of
any identified infecting organism (some studies
also specified that patient must remain afebrile

J Adv Pract Oncol @ AdvancedPractitioner.com
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Table 3. Activity and Resistance of Selected Beta-Lactam Antibiotics

Drug

Ceftazidime

Class Activity

Cephalosporin,
3rd generation

Gram-negative and a few Gram-
positive bacteria, including
Pseudomonas, an opportunistic
pathogen that can cause serious
and potentially life-threatening
nosocomial infections

Cefepime Cephalosporin, Gram-negative and some Gram-
4th generation positive coverage, including
Staphylococcus aureus (part of the
normal skin flora, also one of the
top 5 pathogens for nosocomial
infections) and Streptococcus
pneumoniae, a common cause of
meningitis as well as pneumonia, with
14% fatality rates for invasive disease
Piperacillin/ Penicillin (plus a Most Gram-positive and Gram-
tazobactam beta-lactamase negative anaerobic organisms and
inhibitor) some ESBLs
Imipenem Carbapenem Broad Gram-negative and Gram-
positive coverage, including ESBLs
Meropenem Carbapenem Broad Gram-negative and Gram-

positive coverage, including ESBLs

Resistant organisms

Some beta-lactamase-producing
bacteria and all ESBLs; use of
cephalosporins has also been
associated with development of
resistant Enterobacter

Some beta-lactamase-producing
bacteria and all ESBLs; use of
cephalosporins has also been
associated with development of
resistant Enterobacter

A few ESBL-producing bacteria; use
of piperacillin/tazobactam has also
been associated with development of
resistant Enterobacter

Only carbapenemase-producing
bacteria, such as Klebsiella pneumoniae
carbapenemase

Only carbapenemase-producing
bacteria, such as Klebsiella pneumoniae
carbapenemase

Note. ESBL = extended-spectrum beta-lactamase. Information from Waldman & Terzic (2009), Paul et al. (2010), Centers

N

for Diseases Control and Prevention (2011), Calderwood (2012), Johnson & Ramphal (1990), Schwaber et al. (2003).

for at least 4 to 7 days). However, the studies dif-
fered widely in how they treated the modification
of regimens and use of additional antibiotics (e.g.,
cases where a practitioner prescribed vancomycin
in addition to the antibiotic being studied). For ex-
ample, in comparing meropenem to ceftazidime,
Feld et al. (2000) categorized cases as “failures”
with the addition of any antibiotic, no matter
when or why it occurred, and changes could be
made at the investigator’s discretion. Cometta et
al. (1996) seemed the least precise on the issue, re-
garding all fevers persisting 72 hours a “failure,”
but allowing premature antibiotic modifications
without tracking how those instances may have
impacted the results.

The most methodical studies included those
by Chandrasekar & Arnow (2000) and Cordonnier
et al. (1997) comparing cefepime and ceftazidime,
which allowed the addition of vancomycin but
tracked the use and impact of the drug and found
it was equivalent in both arms of the study. Rolston
et al. (1992) allowed the addition of amikacin and
built it into the study structure (comparing both

ceftazidime and imipenem as monotherapy and in
combination with amikacin).

A more precise and measurable standard of ef-
ficacy or success is 30-day all-cause mortality. This
is the primary measure that Paul and colleagues
(2010) used in their meta-analysis of beta-lactams
for use in neutropenic fevers. It is easily measur-
able and can be applied across studies without the
need for clinician interpretation.

In future studies, changes in antibiotic regi-
mens could be controlled by allowing changes to
the antibiotic regimen in accordance with NCCN
guidelines. For example, the NCCN (2013) recom-
mends specific alterations in the antibiotic regi-
men if particular localized symptoms of infection
are present (such as abdominal pain or vesicular
lesions) and identifies situations in which the ad-
dition of vancomycin is indicated. In future stud-
ies, cases where treatment differs from the NCCN
guidelines may be discarded, rather than being
counted as regimen “failures.” Cases where health-
care providers added additional antibiotics in ac-
cordance with the NCCN guidelines could be
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tracked for the various study arms and analyzed
as a secondary outcome in the final results. Other
secondary outcomes that were not addressed in the
previous studies but should be considered include
length of stay and days in an ICU setting.

In the end, the existing data leave several op-
portunities for further study. The comparable ef-
ficacy of cefepime and ceftazidime seems reliably
documented, due to the sound design and imple-
mentation by Chandrasekar and Arnow (2000)
and Cordonnier et al. (1997), though the potential
greater all-cause mortality of cefepime suggests
ceftazidime is a superior choice. Existing stud-
ies comparing ceftazidime to carbapenems were
problematic, and it is important to preserve car-
bapenems’ superiority against resistant organisms
by not using them as first-line treatment unless
absolutely necessary. Studies comparing ceftazi-
dime to piperacillin/tazobactam as monotherapy
do not yet exist yet would seem to be most useful
at this point.

ORGANIZATIONAL AND FINANCIAL
IMPLICATIONS

Hospitalizations required for high-risk pa-
tients with febrile neutropenia are associated
with significant mortality, morbidity, and finan-
cial cost. In 2002, the direct cost associated with
treating cancers was estimated at $60.9 billion
(Caggiano, Weiss, Rickert, & Linde-Zwirble,
2005), with hospital costs accounting for an es-
timated 40% to 50% of the cost of total cancer
care (Kuderer, Dale, Crawford, Cosler, & Lyman,
2006). A study performed from a consortium of
115 academic health centers and teaching hos-
pitals found that these institutions alone spent
$1.06 billion in 6 years on hospitalizations for
febrile neutropenic patients, even excluding the
significant costs for patients who had under-
gone HSCT.

Furthermore, 1in 14 of these patients hospi-
talized for neutropenic fevers died (Caggiano et
al., 2005). High-risk patients accounted for 74%
of the overall hospital days, 78% of the hospital
costs, and 64% of the inpatient deaths (Kuderer
et al., 2006). Current modes of management
continue to encumber individuals, families,
and health-care organizations with substan-
tial mortality and financial cost. Improvements
provide a substantial opportunity to save lives
and resources.

HUMAN DIVERSITY, ETHICS, AND
SOCIAL IMPLICATIONS

There are no studies of neutropenic fevers in
racial minorities or in patients with various edu-
cational levels and/or from differing socioeco-
nomic backgrounds. Further, none of the eight ex-
isting studies reviewed in this paper considers or
mentions race or socioeconomic status at all. Only
one study, Feld et al. (2000), includes race (using
the categories “White” and “Other”) in the demo-
graphic analysis of the study groups, but does not
mention it in the analysis or discussion.

By ignoring the potential impact of race or so-
cioeconomic status on study results, the authors of
the various studies are in essence denying that it is
a factor in the problem of interest. Yet the statis-
tics demonstrate definitively that race and socio-
economic status play a substantial role in cancer
treatment and outcomes. Cancer death rates for
those with the least education are almost double
those for the most educated individuals. African
American men have a 33% higher death rate from
cancer than white men, while African American
women have a 17% higher death rate from cancer
than white women (Siegel, Ward, Brawley, & Je-
mal, 2011). If the goal of these studies is to prevent
premature cancer deaths, the authors have missed
a very important opportunity to add to our collec-
tive pool of data and knowledge.

SUMMARY AND FUTURE DIRECTIONS

Despite advances in management over the past
40 years, febrile neutropenia continues to burden
individuals, our health-care system, and our soci-
ety. High-risk neutropenic patients consume the
most resources and have the greatest mortality
rates. Determining which antibiotic provides the
best outcome for these patients could make a pro-
found impact.

A review of existing literature reveals that op-
portunities exist to expand our knowledge. Up-
dated studies are needed to evaluate the compara-
ble efficacy of ceftazidime relative to piperacillin/
tazobactam. New studies should employ 30-day
all-cause mortality as a primary measure and al-
low for the addition of other antibiotics according
to NCCN guidelines. Secondary measures should
include modifications to the treatment regimen,
ethnicity/race, socioeconomic indicators (such
as level of education), length of stay, and days in
an ICU bed. In addition, more studies need to be
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done in HSCT patients, whose neutropenia and
clinical course vary more than those of a solid tu-
mor patient who is considered high risk due to, for
example, hepatic or renal insufficiency.

Though these studies would require an in-
vestment of resources, they have the potential to
reduce the great cost, both in terms of finances
and mortality, commanded by febrile neutrope-
nia today. Advanced practitioners in oncology are
uniquely positioned to play a leadership role in
this endeavor, applying their high-level and cost-
effective skills to clinical trials, national and insti-
tutional policy reviews, and direct patient care.
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